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Introduction: Awake minimally invasive Uniportal Video Assisted Thoracic Surgery (U-VATS) represents the last challenge in thoracic surgery that could change the future scenario for high comorbidity patients with early-stage non-small cell lung cancer (NSCLC). We report a single center preliminary experience of awake thoracoscopic uni-portal anatomic and non-anatomic sub-lobar resections in this setting.



Methods: We retrospectively analyzed data collected on a prospective database of patients undergoing U-VATS awake sub-lobar lung resections for NSCLC between September 2021 and September 2022. Inclusion criteria were clinical stage I disease; contraindication to standard lobectomy due to high respiratory function impairment; general anesthesia considered at high risk based on the American Society of Anesthesiologist score and on the Charlson Comorbidity Index. All patients underwent a standardized awake non-intubated anesthesia protocol approved by our institutional board.



Results: They were n = 10 patients: n = 8 wedge resections; n = 2 segmentectomies. We had n = 1 (10%) conversion to standard general anesthesia and n = 1 laryngeal mask support but maintaining spontaneous breathing. N = 5 patients (50%) needed an Intensive Care Unit recovery (mean time = 17.20 h). Mean chest tube duration and Hospital stay were 2.0 and 3.5 days respectively. We did not register 30- days postoperative mortality.



Conclusion: Awake thoracic surgery is a feasible technique, and it could be performed also in high comorbidities’ patients without a high rate of complications and allows to operate patients that so far were considered borderline for surgery.
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Introduction

Surgical interventions in spontaneous breathing patients, without mechanical ventilation and general anesthesia, have spread over the last two decades. Non-Intubated thoracic surgery (NITS) defined also as awake or tubeless thoracic surgery, and more specifically, non-intubated video-assisted thoracic surgery (NIVATS) have been increasingly adopted in thoracic surgery, also for complex lung resection, and it could potentially become the least minimally invasive procedure for lung resections.

General anesthesia with one-lung ventilation was mandatory for thoracic surgery until Pompeo et al. (1) had demonstrated the feasibility of lung resection in spontaneous breathing patients, first for wedge resection and lung volume reduction surgery (LVRS) (2–4) and then also for major resection (5). Nowadays, awake thoracic surgery has become a feasible surgical option that can also include patients with NSCLC or lung metastases who cannot undergo general anesthesia due to their high comorbidity.

The aim of this study is to show early postoperative outcomes of the awake lung resection in high comorbidity patients operated in our center in the last year and to demonstrate the feasibility of this technique also in this high-risk category.



Materials and methods

We retrospectively analyzed data collected on a prospective database of patients undergoing U-VATS awake anatomic and non-anatomic sub-lobar lung resections for NSCLC in our center between September 2021 and September 2022. Inclusion criteria were: clinical stage I disease; contraindication to standard lobectomy due to high respiratory function impairment; general anesthesia considered at high risk based on the American Society of Anesthesiologist score (ASA score) and on the Charlson Comorbidity Index. The preoperative evaluation to consider a patient feasible for awake thoracic surgery is based on the latest literature exclusion criteria (6). All patients underwent conventional pre-operative examinations, including cardiological assessment and pulmonary function tests (PFTs), contrast enhanced thoracic and abdominal computed tomography scan (CT), brain CT scan and positron emission tomography-CT (PET-CT) scan. We performed an uniportal VATS resection, with a surgical access at the level of the anterior axillary line in the IV or in the V intercostal space, depending on the position of the lung lesion. The lesions were transected with endoscopic staplers. In the two segmental resections we performed an individual dissection of the pulmonary artery(ies), bronchus, and vein(s) and all these structures were transected with endoscopic staplers or by ligation and the use of energy devices. Every patient left the surgical theatre with a chest tube. The in-hospital post-operative evaluation consisted in monitoring a possible air leak and the 24 h amount of pleural liquid drained, as well as in executing a chest radiograph in post-operative day 1 and day 3 (unless patients were discharged before). All patients were referred to respiratory physiotherapy service from post-operative day 1 to the discharge. Preoperative characteristics were resumed in Table 1. We reported mean and median values of age, ASA score and CCI. Mean preoperative value of FEV1%, FVC% and DLCO% were 77.30%, 83.60% and 87.60% respectively.


TABLE 1 Patients’ preoperative characteristics. ASA: American Society of Anesthesiologists Classification; CCI: Charlson Comorbidity Index; COPD: Chronic Obstructive Pulmonary Disease; DM: Diabetes Mellitus; FEV1: Forced Expiratory Volume in 1 s; FVC: Forced Vital Capacity; DLCO: Diffusing Capacity for Carbon Monoxide; WR: Wedge Resection.
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A written consent for the procedure was obtained from all patients.


Anesthesiologic protocol for awake thoracic surgery

In collaboration with the anesthesiologist of our center (SOD Anestesia e Rianimazione, AOUC), for awake lung resection we developed a protocol that could lead to a safe surgical intervention and that could protect patients from severe hypoxia and hypercapnia, avoiding making them feel pain during surgical resections and reducing the cough reflex, allowing surgeons to operate and manipulate the lung in a safer way. We never performed the block of the vagus nerve. Airway nebulization of lidocaine and atomization of the lung and of the ilum failed in controlling the cough reflex in only one patient (10%). Table 2 shows protocol steps.


TABLE 2 Careggi university hospital anesthesiology protocol for awake lung resections. VM: VentiMask.

[image: Table 2]




Results

Our database reported that 10 patients underwent U-VATS awake resections between September 2021 and September 2022; n = 8 (80%) wedge resections (two of the RUL, three of the RLL, one of the LUL and two of the LLL) and n = 2 (20%) segmentectomies (one lingulectomy and one S6 left segmentectomy) were performed. Table 3 shows our results. We reported mean and median values. Among wedge resections, n = 1 patient (12.5%) required conversion to general anesthesia with orotracheal intubation due to difficulty controlled parenchymal bleeding and n = 4 patients (50%) required post-operative ICU monitoring due to their comorbidity. The mean time in ICU (hours) for the n = 4 four wedge resections who needed it was 17.50 h. There were no post-operative major complications, no prolonged air leak, and no infection and only the patient who needed conversion to general anesthesia needed a prolonged O2 support in the post-operative period. In the wedge resection group, the mean and the median time of maintenance of the chest tube were respectively 2.0 and 1.8 days and the mean and the median length of the hospitalization were 2.9 and 2.5 respectively.


TABLE 3 Early post-operative outcomes. ICU: Intensive Care Unit; WR: Wedge Resection.
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The S6 left segmentectomy was a high comorbidity patient with a definitive tracheostomy due to a previous squamous carcinoma of the larynx, treated with neoadjuvant RT and CHT and then with a partial laryngectomy. He had a lesion of the left S6 suspected of NSCLC (and then confirmed by the pathological post-operative analysis, Figure 1), and we chose to perform a S6 segmentectomy to have good resection margin (Figure 2, Supplementary Video S1). This patient had no intraoperative complication but needed a post-operative monitoring in ICU (16 h) because of his comorbidities. He maintained the chest tube for 2 days. His hospitalization (8 days) was prolonged because of sputum retention due to the presence of the tracheostomy, and he underwent two post-op disobstructive bronchoscopies. The lingulectomy needed a laryngeal mask during the operation because of an uncontrolled cough reflex that did not allow a safe resection. The laryngeal mask enabled the anesthesiologist to control the cough reflex, the airway and the sO2 keeping the patient breathing spontaneously, without the use of muscle relaxants. The positioning of the parenchymal stapler required a controlled apnea (<1 min). He had no post operative complications and maintained the chest tube for two days. Among all patients who needed an ICU monitoring (n = 5, 50%), the mean time of ICU was of 17.20 h. The global mean time of ICU was 8.6 h. The global mean value of length of hospitalization and maintenance of the chest tube were respectively 3.5 and 2.0 days (Table 3). We did not register 30-days post-operative mortality.


[image: Figure 1]
FIGURE 1
Pre-operative CT-scan of the left S6 segmentectomy showing the lesion.
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FIGURE 2
Intra-operative image showing the artery (A6) for the apical segment of the left lower lobe (S6).




Discussion


Spontaneous ventilation vs. general anesthesia

General anesthesia with one lung ventilation was considered necessary for lung resections, mainly because the surgeon can operate with non-ventilated lung and no breathing expansion. However, it has been demonstrated that general anesthesia and mechanical ventilation have a large series of potential side effects that could influence patients’ post operative morbidity and mortality, their length of the hospital stay and post-operative quality of life. Indeed, mechanical ventilation could lead to a lung damage because of an airway pressure-induced injury, atelectasis in the non-ventilated lung, the release of pro-inflammatory mediators (7–10). General anesthesia, use of muscle relaxant and use of opioids could cause a prolonged hospital stay and an augmented risk of mortality and morbidity and post operative cognitive dysfunction (11–13). In addition, orotracheal and bronchial intubation have potential, not insignificant, complications such as post-op throat pain or laryngeal and/or tracheal injuries (14).

Surgical pneumothorax in non-intubated thoracic surgery requires the anesthesiologist to manage the paradoxical ventilation and the risk of hypoxemia, due to a potential increase of the right-left intrapulmonary shunt. Hypoxic pulmonary vasoconstriction, a defense mechanism which is activated by the hypoxic alveoli, is more efficient during NITS, since we do not use some anesthetic drugs, like volatile anesthetics that can inhibit the protective vasomotor response of HPV (15). Furthermore, the anesthesiologist must avoid severe hypercapnia and acidosis during the awake thoracic surgery. Patients with a background of severe COPD or neuromuscular diseases have a higher risk for developing intraoperative hypercapnia. However, transient perioperative permissive hypercapnia has been well described (16).

Cough reflex, triggered by lung manipulation, could be the surgeon’s ‘enemy’ during NITS: in the last years several techniques were developed to reduce this reflex: inhalation of aerosolized lidocaine, application of a spray of lidocaine on the lung surface, a stellate ganglion block or a vagus nerve block placed intrathoracically were all feasible techniques (16).

Thoracic surgery in non-intubated patients was already known in the 1920s, when Jacobeaus began to use thoracoscopy in patients with a suspected tuberculosis or other intrathoracic diseases to make diagnosis and to perform cauterization of adhesions in awake patients (17). After all, mechanical ventilation was not introduced before the 1960s and patients’ survival after a thoracotomy in spontaneous ventilation was extremely low. At the end of the ‘50s, high number cases studies have been published reporting awake anesthesia techniques for major lung resections that have subsequently inspired current techniques (18, 19). With the introduction of the mechanical ventilation in early 1960s and mainly with the introduction of the double lumen tube, the one lung ventilation with a controlled general anesthesia became the gold standard for thoracic surgery. At the beginning of the XXI century, thoracic surgeons started to question themselves about the feasibility of lung resections avoiding general anesthesia. The first study was undertaken by Pompeo et al., who published a small randomization of 60 patients who underwent a wedge resection in general anesthesia (control group) or without it, with sole thoracic epidural anesthesia (awake group) and providing oxygen via a face mask. They demonstrated that the awake group had a significant reduced hospital stay, a greater anesthesia satisfaction score and a significantly lower post-operative ΔPaO2 (1). Since then, there has been a growing interest in this technique: only three years later, in 2007, Al-Abdullatief et al. published an observational study showing the possibility to perform awake anesthesia also in some cases of major thoracic resection, emphasizing above all the importance of avoiding muscle relaxants during thymectomies in patients with myasthenia gravis (20). In 2012, Chen et Al. published an important work showing a 3-years’ experience of non-intubated lung resection with 285 cases, of which 159 (55.8%) patients for primary lung cancer. They reported only fourteen (4.9%) conversion to tracheal intubation and no perioperative mortality (21). First applied for wedge resection, lung biopsies, metastasectomies (22) and lung volume reduction surgery (23, 24), the awake technique had a high development in the last years and recent studies reported the use of awake anesthesia for major lung resection (5) and even during thoracotomy (25), without significant differences in terms of survival and post-operative mortality, but with a faster recovery after surgery and a low rate of conversion to general anesthesia (0%–3%) (26). Awake lung biopsies still play a leading role in diagnosis of interstitial lung disease although the increasing diffusion of cryobiopsy, that still have a lower diagnostic yield compared to surgery (27).

In this study we reported a single center’ preliminary experience and early post-operative outcomes of awake U-VATS sublobar lung resection performed between September 2021 and September 2022. We performed n = 8 wedge resections and n = 2 segmentectomies (one lingulectomy and one S6 left segmentectomy) for NSCLC, without post-operative major complications. Only n = 5 (50%) patients needed an ICU post-operative monitoring with a mean time of 17.20 h. We reported length of stay and chest tube duration values higher than other results in literature (26), mainly because we selected high comorbidities’ patients for our awake lung resections. Indeed, this kind of patients would have been difficult to enroll for lung surgery under general anesthesia, due to the higher risk of post-operative complications, morbidity, and mortality.

This study has several limits: first, it is a single-center retrospective analysis of a small cohort of high-selected patients. Reporting early post operative outcomes, we cannot include overall and event-free survival in our results. We are carrying out a larger follow-up of these patients and updated results may be published in the future.




Conclusions

This work confirms what has been reported in literature and given our results (although relating to a limited number of cases) we can assume that awake U-VATS sub-lobar surgery is a feasible technique and a viable option to the well-known VATS under general anesthesia and could represent an innovative strategy in high comorbidities NSCLC patients traditionally considered at high risk for anatomical resections under general anesthesia.
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Anesthesiology protocol for Awake Thoracic Surgery

Premedication before starting sedation (15 min before):

« Atropine 0.01 mg/Kg e.v.
« Dihydrocodeine 15 glt per os

Sedation:

« VM with reservoir (6-10 L/min 02) to maintain SpO2 > 92%
« Propofol 1-2 mg/Kg/h
« Remifentanil 0.03-0.07 meg/kg/min

Ultrasound guided paravertebral blockade: ESP (Erector Spinal Block) with
ropivacaine 0.5%, 20-30 ml

In supine position, at least 30 min before surgery:

« Airway nebulization with lidocaine 2% (5 ml on high flow 02 with aerosol kit

Advanced patient monitoring with BIS” (Bispectral Index)

Surgical incision infiliration with lidocaine 2%

Just before the surgical resection:

« Lidocaine (2%) atomization on the lung surface and on the hilum

Place a Laryngeal Mask if needed due to severe hypoxia and/or Hypercapnia









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





