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Introduction

One lung ventilation (OLV) was first described in 1931 [START_REF] Gale | Closed Endobronchial Anesthesia in Thoracic Surgery: Preliminary Report[END_REF] , shortly after the advent of endotracheal tubes, and became standard practice for lung surgery with the invention of the first double lumen tube by Carlens in 1949 [START_REF] Bjork | The prevention of spread during pulmonary resection by the use of a double-lumen catheter[END_REF] .

However, OLV can result in many adverse effects, whether due to general anesthesia, mechanical ventilation or inherent to the intubation technique itself, ranging from postoperative nausea and vomiting, sore throat, airway trauma [START_REF] Fitzmaurice | Airway rupture from double-lumen tubes[END_REF] to residual neuromuscular paralysis [START_REF] Murphy | Postoperative residual neuromuscular blockade is associated with impaired clinical recovery[END_REF] , ventilator induced lung injury/acute lung injury [START_REF] Lohser | Lung Injury After One-Lung Ventilation: A Review of the Pathophysiologic Mechanisms Affecting the Ventilated and the Collapsed Lung[END_REF][START_REF] Slutsky | Ventilator-Induced Lung Injury[END_REF][START_REF] Dulu | Prevalence and mortality of acute lung injury and ARDS after lung resection[END_REF] , pulmonary atelectasis and cardiac instability.

Over the past three decades, surgical techniques have greatly improved with the emergence of minimally invasive procedures like video-assisted thoracoscopic surgery (VATS) [START_REF] Khaitan | Milestones in thoracic surgery[END_REF] and uniportal incisions [START_REF] Gonzalez-Rivas | Uniportal video-assisted thoracoscopic lobectomy: two years of experience[END_REF] , resulting in an expansion of the indications for thoracic surgery, permitting operations in an older, frailer population [START_REF] Loucou | Validation and update of the thoracic surgery scoring system (Thoracoscore) risk model[END_REF] .

Nonetheless, surgical pulmonary resection remains a high risk surgery with mortality ranging from 2 to 3% and morbidity rates reaching 18% [START_REF] Loucou | Validation and update of the thoracic surgery scoring system (Thoracoscore) risk model[END_REF][START_REF] Brunelli | European risk models for morbidity (EuroLung1) and mortality (EuroLung2) to predict outcome following anatomic lung resections: an analysis from the European Society of Thoracic Surgeons database †, ‡[END_REF] . A procedure as simple as a lung biopsy can result in a 4% mortality rate among patients with interstitial lung disease, with mortality rates reaching 16-20% in non elective procedures [START_REF] Jx | Diagnostic yield and postoperative mortality associated with surgical lung biopsy for evaluation of interstitial lung diseases: A systematic review and meta-analysis[END_REF][START_REF] Neto | Incidence of mortality and morbidity related to postoperative lung injury in patients who have undergone abdominal or thoracic surgery: a systematic review and meta-analysis[END_REF] . This discourages many physicians from referring their patients to a surgical biopsy, thus depriving them from a proper diagnosis and potentially a suitable treatment.

In recent years, and in an attempt to reduce intubated anesthesia related adverse effects, non intubated VATS (NIVATS) has been suggested as an alternative to OLV. Pompeo and his team were among the first to reintroduce this technique by publishing in 2004 a series of patients who underwent awake non intubated thoracoscopic resection of solitary pulmonary nodules [START_REF] Pompeo | Feasibility and results of awake thoracoscopic resection of solitary pulmonary nodules[END_REF] .

Many studies followed with increasing satisfactory results showing that NIVATS can be safely done [START_REF] Al-Abdullatief | Awake anaesthesia for major thoracic surgical procedures: an observational study[END_REF][START_REF] Chen | Nonintubated thoracoscopic lobectomy for lung cancer[END_REF][START_REF] Moon | Non-intubated thoracoscopic surgery: initial experience at a single center[END_REF] , even amid elderly patients [START_REF] Katlic | Non-intubated video-assisted thoracic surgery in patients aged 80 years and older[END_REF] with poor pulmonary function [START_REF] Wang | Non-intubated thoracoscopic surgery for lung cancer in patients with impaired pulmonary function[END_REF] and multiple comorbidities. Moreover, studies show that NIVATS minimizes operative risks leading to a smoother and quicker recovery [START_REF] Pompeo | Randomized comparison of awake nonresectional versus nonawake resectional lung volume reduction surgery[END_REF][START_REF] Liu | The impact of non-intubated versus intubated anaesthesia on early outcomes of video-assisted thoracoscopic anatomical resection in non-small-cell lung cancer: a propensity score matching analysis[END_REF][START_REF] Alghamdi | Comparison of non-intubated versus intubated video-assisted thoracoscopic lobectomy for lung cancer[END_REF][START_REF] Zheng | Perioperative and long-term outcomes of spontaneous ventilation video-assisted thoracoscopic surgery for non-small cell lung cancer[END_REF][START_REF] Wen | Non-intubated spontaneous ventilation in video-assisted thoracoscopic surgery: a meta-analysis[END_REF][START_REF] Elkhouly | Nonintubated versus intubated thoracoscopic bullectomy for primary spontaneous pneumothorax: A multicenter propensity-matched analysis[END_REF] and could even play a role in reducing postoperative inflammatory response [START_REF] Vanni | Impact of awake videothoracoscopic surgery on postoperative lymphocyte responses[END_REF][START_REF] Tacconi | Surgical stress hormones response is reduced after awake videothoracoscopy[END_REF] .

We started conducting NIVATS procedures at the university hospital of Monpellier in January 2021. The primary objective of this observational study was to describe our initial experience with NIVATS and to evaluate its feasibility, safety and short term outcomes.

Physiological rationale

Why is a surgical pneumothorax in a spontaneously breathing patient more physiological than OLV ?

In a spontaneously breathing patient in the lateral decubitus position, ventilation favors the dependent lung as dependent alveoli tend to be on the steeper portion of the compliance curve. Indeed, the recoil pressure of the elastic lung tissue creates a vertical pleural pressure gradient : The upper parts of the lung tend to collapse inward thus creating a more negative pleural pressure. This disparity results in larger less recruitable alveoli at the apex of the lung than the dependent alveoli at the base. (Fig. 1) Moreover, in the lateral position, the pressure exerted by the abdominal content on the diaphragm results in a more effective contraction of the diaphragm muscle, thus increasing functional residual capacity (FRC) of the dependent lung.

Since blood flow favors the dependent lung according to West's zones, this will result in an ideal ventilation-perfusion ratio (V/Q).

On the other hand, during intubated surgery, the association of anesthesia, muscle paralysis and positive pressure ventilation causes ventilation to increasingly favor the upper, nondependent lung. The cephalic displacement of the paralysed diaphragm by abdominal content, the mediastinal shift towards the dependent lung because of gravity and the loss of negative pressure when opening the chest lead to a decrease in the FRC of the dependent lung, thus reducing compliance. (Fig. 2,3) All these changes progressively lead to an uncoupling of V/Q matching, as perfusion continues to favor the dependent lung. On initiation of OLV, the nondependent lung with its favorable compliance becomes excluded from the ventilatory circuit and converts to true shunt while the dependent less compliant lung remains ventilated. Nonetheless, creating a surgical pneumothorax in a spontaneously breathing patient can lead to paradoxical respiration and mediastinal movements. During inspiration, diaphragm contractions lead to a decrease in the dependent hemithorax's pleural pressure causing air to enter. Since the pleural pressure in the non dependent lung is equal to the atmospheric pressure, air will be partially entrained from the non dependent lung to the dependent lung, causing it to deflate.

The process is reversed during expiration with part of the dependent lung's tidal volume exhaled into the nondependent lung causing paradoxical expansion. This phenomenon can worsen hypoxemia and hypercapnia. Mediastinal shift is explained by the same mechanism :

The pressure differential between the dependent and non dependent hemithorax leads to a mediastinal movement toward the dependent hemithorax during inspiration and away during expiration. This causes a reduction in the dependent lung's FRC. (Fig. 4) Furthermore, when coughing occurs, the diaphragmatic contraction against a closed glottis leads to a movement of air from the dependent to the non dependent lung. This can result in spontaneous re-ventilation of the operated lung during the procedure.

These adverse events, combined with potential patient discomfort during long surgeries can precipitate conversion to general anesthesia. The main challenge when performing NIVATS resides in finding a balance between its beneficial and detrimental effects without jeopardizing patients' safety and comfort. 

Materials and methods

Population

We conducted a single-center retrospective review of all the NIVATS cases that took place in our center between May 2021 and September 2022. Twenty-one patients were included.

As this was a feasibility study and our first experience with non intubated surgery, we initially only included in our NIVATS protocol low-risk patients undergoing lung, pleural or lymph node biopsies. Gradually, as our team became more comfortable with the technique, we extended inclusions to pneumothorax surgery and pulmonary resections (wedge resections, segmentectomies and lobectomies).

Patients with a body mass index (BMI) > 30 Kg/m², predicted difficult airway, severe cardio-pulmonary dysfunction, a high risk of gastric reflux and bleeding diathesis and those who required complex surgery (tumor size > 6 cm, tumors with bronchus involvement or with loco-regional extension, surgical time estimated to be over 1h30, unfavorable anatomy or frozen section examination, history of lung resection/ high risk of adherences) were not included in the NIVATS protocol.

After an initial screening by the thoracic surgeon, patients were seen by the anesthesia team who approved the inclusion and obtained written consent.

Anesthesia

30 to 60 minutes prior to incision, patients were premedicated with Paracetamol (1g), Nefopam (20 mg), Non-steroidal anti-inflammatory drugs (Ketoprofene 50 to 100 mg), Dexmedetomidine (0,5 µg/Kg) and in some cases Magnesium Sulfate (20 mg/Kg).

Locoregional anesthesia was achieved using one of two different approaches : thoracic epidural -which was originally used for all patients -and paravertebral nerve blockade -which was introduced to the protocole starting April 2022.

Thoracic epidural was placed at a T5-6 level and a continuous infusion of Ropivacaïne 0.5% was started at a rate of 5 mL per hour, after a test dose of Lidocaïne 2% with epinephrine and an initial 3-5 mL loading dose of Ropivacaïne 0,2%.

Thoracic paravertebral block (TPVB) was performed at two levels between the thoracic segments T4-5 and T7-8 using an ultrasound-guided transverse in-plane approach and by injecting 20 mL of Ropivacaïne 0,5% in each space. In the case of lung resections, a paravertebral catheter was placed at the end of the procedure under direct vision by the thoracic surgeon.

When a sensory block was achieved (T2-T9), the patient was asked to turn into the lateral decubitus position, placing his head on an open head ring.

Initially, oxygen was administered through high flow nasal cannulae (HFNC) and end-tidal carbon dioxide was continuously monitored by inserting a detector through a Venti Mask®.

Later on, we switched to tightly sealed face masks for two reasons : First, because patients were displeased with the HFNC-mask combination due to water condensation forming on the inner surface of the mask. Second, because we found that the first option didn't allow reliable monitoring of exhaled carbon dioxide levels. Our goal was to maintain an oxygen saturation above 90%.

Standard physiologic monitoring included electrocardiogram, heart and respiratory rate, pulse oximetry, capnography, blood pressure and body temperature. Blood gazes were monitored through radial artery cathéterization in some patients.

All patients were equipped with an 18G peripheral intravenous line connected to a triple lumen extension tube. Intraoperative hypotensive episodes were treated with a continuous infusion of Norepinephrine 16 µg/mL.

Sedation was achieved using target-controlled infusions of Propofol and Remifentanil and was adjusted for patient and surgeon comfort. In some cases, a continuous infusion of Dexmedetomidine was also administered. All patients received an antiemetic prophylaxis with

Dexamethasone and an antibiotic prophylaxis with Cefazolin following the French Society of Anesthesiologists guidelines.

At the end of the procedure, patients received face mask ventilation (BIPAP) in order to re-expand the deflated lung.

An emergency bundle consisting of a video-laryngoscope (Glidescope® ), a disposable fiberoptic, a bronchial blocker, an endotracheal tube with a stylet, a double lumen tube (Robertshaw® ), a laryngeal mask and rapid sequence induction drugs was kept in the operating room in case an intubation was needed. (see Annex)

Criteria for conversion to general anesthesia were persistent severe hypoxaemia (SpO2 < 88%), severe hypercapnia (PaCO2 > 75 mmHg), persistent cough, excessive diaphragmatic or mediastinal movement, patient discomfort, failure of regional anesthesia and surgical complications (major hemorrhage, severe adhesions, necessity of conversion to thoracotomy).

(see Annex)

Surgical technique

Most thoracic procedures were performed using a standard three-port VATS technique. Two utility ports were created in the 4-5th intercostal space between the anterior axillary line and the scapula. The camera port was placed in the 7th intercostal space on the mid-axillary line, thus forming a triangular configuration.

In a few cases, a uniportal VATS method was employed. This approach involves placing a unique port in the fifth intercostal space and anterior axillary line where a video thoracoscope along with two roticulating instruments are inserted.

In order to minimize coughing which can occur when manipulating the hilar area, routine vagal nerve blockade was performed under direct vision by the surgeon using a few millimeters of a Ropivacaïne -Lidocaïne mixture. (Fig. 5)

Depending on the surgery performed, one or two pleural drains connected to an underwater seal drain system were placed at the end of surgery.

Postoperative care

After the surgery, patients were transferred to the recovery room where they were monitored for a few hours before returning to their unit. Pain level was assessed using a numerical rating scale (NRS). When neuraxial analgesia was insufficient, patients were given rescue parenteral Morphine.

In patients who underwent lung biopsies, thoracic epidural and chest tube were most often removed before leaving the recovery room. Criteria for chest tube removal were complete lung re-expansion and the absence of air leak. 

Outcomes and statistics

The primary outcome was technical feasibility of the NIVATS procedure which was assessed using a feasibility score developed by Pompeo and al. (Fig. 6).

All data concerning patients characteristics, anesthesia and surgical modalities and per and post-operative complications were collected from medical charts and analyzed retrospectively.

Descriptive statistics were used to summarize characteristics of patients. Categorical variables were presented as numbers and continuous data were expressed as medians with first and third quartiles. 

Results

Twenty-one patients were included from May 2021 to September 2022. Baseline characteristics of patients are presented in Table 1. The median patient age at the time of the operation was 71 years and most patients were male (90%). The median body mass index was 24 Kg/m². Patients were generally moderately ill with a median forced expiratory volume in 1 second (FEV1) of 76% predicted, a median DLCO of 55%, a median ASA score of III and a median NYHA score of II.

14 patients underwent lung biopsy for suspected interstitial lung disease, 3 patients underwent talc pleurodesis for recurrent pneumothorax, one patient underwent wedge resection for lung abscess, 2 patients underwent a lobectomy with lymphadenectomy and one patient underwent a segmentectomy for a cancerous lesions . Most procedures were done using a three-port technique.

The most common neuraxial anesthesia technique used was thoracic epidural (85%) followed by paravertebral nerve blockade (15%). Concerning locoregional anesthesia side effects : 2 patients experienced minor hypotension episodes, 3 patients presented with urinary retention leading to a continuous urinary catheterization and one patient experienced minor symptoms of local anesthetic-induced central nervous system toxicity due to a dosing error and was given a lipid emulsion.

Technical feasibility was graded as excellent in 16 procedures, as good in one procedure and as satisfactory in one procedure resulting in a median feasibility score of 4. (Table 2) Overall, interventions were well tolerated by patients with the lowest perioperative oxygen saturation median ranging at 94%. Conversion to general anesthesia and one lung ventilation was required in three patients undergoing lung biopsy (14%) due to an epidural failure. All the conversions went well. Selective intubations were executed using a videolaryngoscope, in the lateral decubitus position after tilting the surgical table on the side.

One patient suffering from lung abscess required conversion to thoracotomy because of severe thoraco-pulmonary adhesions. However, the procedure was successfully achieved without intubation.

Severe coughing occured in one patient and and one patient presented with profound respiratory movements interfering with the surgical performance. These complications were managed by adjusting sedative infusion rate.

Among patients receiving a lung biopsy for suspected interstitial lung disease, no acute pulmonary exacerbation was recorded in the month following the procedure and a histopathological diagnosis was achieved in 13 patients (93%).

Mean hospital stay was 5,3 days with 55% of patients leaving the hospital within 48h. In case of elective surgery (lung biopsy or resection), patients were hospitalized the day before the intervention. However, the three patients who underwent talc pleurodesis were hospitalized a few days before their surgery in order to receive chest drainage.

The median operative duration was 25 minutes for lung biopsies, 27 minutes for talc pleurodesis and 123 minutes for lung resections, respectively. The median length of stay in PACU was 149 minutes for lung biopsies, 156 minutes for talc pleurodesis and 191 minutes for lung resections. The median postoperative chest tube duration was 2 hours [2,5 ; 61] with 57% of chest tubes removed in PACU.

Complications developed in 3 patients with air leaks lasting more than 3 days thus extending their hospital stay and one patient required another intervention a month after his lung abscess resection surgery because he developed an empyema.

One patient suffering from chronic heart failure, usual interstitial pneumonia and pulmonary aspergillosis was hospitalized 3 weeks after his talc pleurodesis surgery for respiratory distress syndrome due to heart congestion and suspected infection. Life sustaining treatment limitation was acted and he died within 31 days of the intervention. * : In case of conversion to general anesthesia, patients were excluded from these analyses.

¥: Global surgery time represents the period between incision and closure.

Discussion

In this study, non intubated thoracic surgery appears to be a safe and manageable alternative to conventional intubated VATS. These findings corroborate with the increasing number of publications supporting the feasibility of NIVATS and advocating its merits in minor and major lung procedures.

Intubated general anesthesia comes with many adverse events such as postoperative nausea and vomiting, cognitive deterioration, residual neuromuscular blockade and hemodynamic instability. Furthermore, one lung ventilation can result in ventilator induced lung injury [START_REF] Beitler | Ventilator-Induced Lung Injury[END_REF] (volotrauma, atelectrauma, barotrauma, proinflammatory mediator release), diaphragm dysfunction [START_REF] Vassilakopoulos | Ventilator-induced Diaphragmatic Dysfunction[END_REF] and is associated with an increased risk of postoperative acute respiratory distress syndrome (ARDS) and acute lung injury (ALI) [START_REF] Lohser | Lung Injury After One-Lung Ventilation: A Review of the Pathophysiologic Mechanisms Affecting the Ventilated and the Collapsed Lung[END_REF][START_REF] Slutsky | Ventilator-Induced Lung Injury[END_REF][START_REF] Dulu | Prevalence and mortality of acute lung injury and ARDS after lung resection[END_REF] . By relying solely on locoregional anesthesia and light sedation in spontaneously breathing patients, NIVATS can help reduce perioperative morbidity, particularly in subjects with impaired cardiorespiratory performance.

Two recent large meta-analyses [START_REF] Wen | Non-intubated spontaneous ventilation in video-assisted thoracoscopic surgery: a meta-analysis[END_REF][START_REF] Yu | Non-intubated anesthesia in patients undergoing video-assisted thoracoscopic surgery: A systematic review and meta-analysis[END_REF] comparing NIVATS to traditional VATS in minor and major lung procedures found that NIVATS offers shorter operating room times, shorter hospital stays, shorter chest tube duration, faster return to oral intake and lower mortality rates. However, the evidence level in these studies remains quite low as they mainly included retrospective cohorts.

In the largest randomized controlled study (RCT) to date, published in 2015, Liu and al. showed shorter fasting times and hospital stays and less postoperative complications in patients receiving non intubated bullae surgery and lobectomy [START_REF] Liu | Nonintubated video-assisted thoracoscopic surgery under epidural anesthesia compared with conventional anesthetic option: a randomized control study[END_REF] .

A small RCT published by Pompeo and al. in 2012, comparing the outcomes of a non resectional lung volume reduction technique in awake patients and a resectional technique in intubated patients, found a reduction in overall morbidity rate and shorter hospital stays in the awake group. This study had the advantage of offering TEA to both groups thus eliminating a major confusion bias [START_REF] Pompeo | Randomized comparison of awake nonresectional versus nonawake resectional lung volume reduction surgery[END_REF] . Unfortunately, in the few published RCTs about NIVATS, difference in perioperative morbidity isn't the primary endpoint which is why these results should be interpreted cautiously [START_REF] Cui | Spontaneous ventilation versus mechanical ventilation during video-assisted thoracoscopic surgery for spontaneous pneumothorax: a study protocol for multicenter randomized controlled trial[END_REF][START_REF] Mao | A comparison between laryngeal mask airway and endotracheal intubation for anaesthesia in adult patients undergoing NUSS procedure[END_REF][START_REF] Hwang | Non-intubated thoracoscopic bullectomy under sedation is safe and comfortable in the perioperative period[END_REF][START_REF] Irons | Intubated Versus Nonintubated General Anesthesia for Video-Assisted Thoracoscopic Surgery-A Case-Control Study[END_REF] .

A large observational study conducted from 2011 to 2018 in the university hospital of Guangzhou -China used a propensity score matching to compare outcomes of awake and non intubated VATS for non small cell lung cancer and found a significant reduction in 3 and 5-year overall survival and disease free survival in the awake group [START_REF] Zheng | Perioperative and long-term outcomes of spontaneous ventilation video-assisted thoracoscopic surgery for non-small cell lung cancer[END_REF] .

In patients with interstitial lung disease whose respiratory function is often impaired, lung biopsy under mechanical ventilation is associated with a high risk of postoperative morbi-mortality due to an increase in pulmonary exacerbations following surgery [START_REF] Jh | Procedure volume and mortality after surgical lung biopsy in interstitial lung disease[END_REF] .

Nonetheless, obtaining an accurate diagnosis in these patients is advisable because it allows treatment adjustments and can greatly influence prognosis.

Several studies including a recent prospective non randomized trial have shown a reduction in postoperative morbidity in patients receiving awake video-assisted lung biopsy without compromising on the diagnostic yield of the biopsy [START_REF] Grott | Surgical Lung Biopsy for Interstitial Lung Disease: A Two Center Propensity Score Matching Analysis[END_REF][START_REF] Rossi | Pathologic comparison of conventional video-assisted thoracic surgical (VATS) biopsy versus non-intubated/"awake" biopsy in fibrosing interstitial lung diseases[END_REF][START_REF] Guerrera | Awake or intubated surgery in diagnosis of interstitial lung diseases? A prospective study[END_REF][START_REF] Pompeo | Nonintubated surgical biopsy of undetermined interstitial lung disease: a multicentre outcome analysis[END_REF] .

In our cohort, 93% of lung biopsies resulted in a histopathological diagnosis and there were no acute interstitial lung disease exacerbations noted in the month following the intervention.

Median length of hospital stay and chest tube drainage were similar to those observed in other studies reviewing elective VATS lung biopsies in patients with suspected interstitial lung disease [START_REF] Nagano | Outcomes of Video-Assisted Thoracic Surgical Lung Biopsy for Interstitial Lung Diseases[END_REF][START_REF] Ravaglia | Safety and Diagnostic Yield of Transbronchial Lung Cryobiopsy in Diffuse Parenchymal Lung Diseases: A Comparative Study versus Video-Assisted Thoracoscopic Lung Biopsy and a Systematic Review of the Literature[END_REF][START_REF] Oa | Morbidity and mortality in patients with usual interstitial pneumonia (UIP) pattern undergoing surgery for lung biopsy[END_REF] .

Another group of patients that could benefit from non intubated surgery are those suffering from myasthenia gravis and receiving video-thoracoscopic thymectomy. Indeed, general anesthesia and prolonged intubation periods may induce postoperative myasthenic crises among this population. A retrospective study published in 2017 by Jiang and al. comparing 36 NIVATS thymectomies (using TEA and laryngeal mask for oxygen flow) with 68 intubated VATS thymectomies, showed a great reduction in myasthenic crisis and a shorter length of hospital stay in the NIVATS group [START_REF] Jiang | Spontaneous ventilation thoracoscopic thymectomy without muscle relaxant for myasthenia gravis: Comparison with "standard" thoracoscopic thymectomy[END_REF] .

In our study, postoperative pain scores were relatively low and Morphine consumption was almost null in the day following surgery which can be explained by the consistent use of locoregional anesthesia.

The most common loco-regional anesthesia technique used in our study was TEA which provided effective analgesia but was associated with minor complications such as improper placement, minor inconsequential hypotension episodes and urinary retention leading to bladder catheterization. These side effects can present an obstacle for fast track recovery and delay hospital discharge, defeating the initial purpose of tubeless surgery.

Ultrasound guided paravertebral blockade (PVB) presents an alternative to TEA which offers the advantage of providing equal analgesia with a lower failure rate and little side effects [START_REF] Yeung | Paravertebral block versus thoracic epidural for patients undergoing thoracotomy[END_REF][START_REF] Baidya | Analgesic efficacy and safety of thoracic paravertebral and epidural analgesia for thoracic surgery: a systematic review and meta-analysis[END_REF][START_REF] Piccioni | Thoracic paravertebral anaesthesia for awake video-assisted thoracoscopic surgery daily[END_REF] , thus ensuring faster recovery. Three procedures in our cohort were done using paravertebral blockade -including one lobectomy -with excellent analgesic outcomes.

Another technique that proved to be safe and effective is intercostal nerve blockade (ICNB) [START_REF] Hung | Non-intubated thoracoscopic surgery using internal intercostal nerve block, vagal block and targeted sedation[END_REF] .

The advantage of this method lies in the fact that it can be easily done by the surgeon himself under direct vision and doesn't require any locoregional anesthesia experience.

PVB and ICNB also constitute ideal alternatives in patients presenting blood clotting disorders and in those taking anti-coagulant and anti-platelet therapy.

Although some studies reported that non-intubated thoracic procedures can be performed in perfectly awake patients [START_REF] Pompeo | Awake thoracoscopic biopsy of interstitial lung disease[END_REF][START_REF] Pompeo | Randomized comparison of awake nonresectional versus nonawake resectional lung volume reduction surgery[END_REF] , we favored the administration of light sedation through a target controlled infusion system in order to make patients' experience less stressful and more comfortable. In the first few interventions, sedation was achieved using continuous infusions of Propofol and Remifentanil and a loading dose of Dexmedetomidine. However we later found that adding a continuous infusion of Dexmedetomidine offers a better quality of sedation and anxiolysis without increasing the risk of apnea and hypoxemia.

The conversion to general anesthesia rate in our cohort was fairly high compared to other studies (14% vs ~3,2%) [START_REF] Wen | Non-intubated spontaneous ventilation in video-assisted thoracoscopic surgery: a meta-analysis[END_REF] and resulted exclusively from an epidural failure. There are a few reasons that can explain this high conversion rate : First, thoracic epidural placement has a high risk of failure (up to 32%) [START_REF] Ready | Acute pain: lessons learned from 25,000 patients[END_REF] . Second, some of the epidurals were placed by anesthesia residents who had little to no experience in this field. And third and most importantly, we took the decision to directly switch to general anesthesia whenever an epidural failed in order to save time, instead of placing another epidural or trying another locoregional anesthesia technique.

All the unplanned intubations in our study went smoothly without any complications. This can be explained by the rigorous selection of patients excluding those with suspected difficult airway and the elaboration of a detailed intubation protocol (see Annex).

One of the biggest concerns regarding NIVATS is the occurrence of severe hypoxemia and hypercapnia due to carbon dioxide rebreathing. In our study, all the procedures whether minor or major were well tolerated with the lowest perioperative peripheral oxygen saturation median being at 94%. Likewise, severe hypercapnia (that we monitored in selected patients through an arterial line) rarely developed, had no clinical impact and constantly resolved by decreasing sedation levels. However, these results are to be approached with caution as most of the patients we selected in our cohort didn't have a severely compromised pulmonary function.

Another potential issue with NIVATS is the cough reflex, which mainly occurs when manipulating the hilar area and can compromise the surgery. This problem was easily countered in our study by operating systematic intrathoracic vagal nerve blockade [START_REF] Hung | Non-intubated thoracoscopic surgery using internal intercostal nerve block, vagal block and targeted sedation[END_REF] . Some authors suggest administering Lidocaïne aerosols to patients before the intervention [START_REF] Mineo | Uniportal non-intubated lung metastasectomy[END_REF] .

Furthermore, operating on spontaneously breathing patients can prove technically difficult because of challenging mediastinal movements. Nevertheless, this issue was quickly manageable by our surgical team as their experience grew. In fact, a retrospective study comparing 10 patients receiving non intubated sympathectomies with 10 patients receiving conventional VATS showed that NIVATS had a short learning curve with surgical durations rapidly decreasing over time [START_REF] Caviezel | Establishing a non-intubated thoracoscopic surgery programme for bilateral uniportal sympathectomy[END_REF] .

One way to decrease mediastinal shift is by blocking the phrenic nerve using short-acting local anesthetics. However this technique can be risky in patients with underlying respiratory insufficiency [START_REF] Zhu | Phrenic nerve block during nonintubated video-assisted thoracoscopic surgery: a single-centre, double-blind, randomized controlled trial[END_REF] .

Limits to this study include its retrospective and single center design and the lack of a control group receiving conventional VATS under general anesthesia and one lung ventilation.

In addition, and as mentioned earlier, our cohort didn't include patients with severely compromised cardiopulmonary function although this population would benefit the most from this technique.

Conclusion

In conclusion, our study suggests that minor and major lung procedures can be safely performed in spontaneously breathing patients receiving locoregional anesthesia and light sedation. Nevertheless, further randomized well powered trials are needed to establish the real impact of this technique on perioperative morbidity and mortality. 

ANNEX

ABSTRACT

Background : In recent years, and in an attempt to reduce adverse events related to general anesthesia and mechanical ventilation, non-intubated VATS (NIVATS) has been suggested as an alternative to one lung ventilation. By relying solely on locoregional anesthesia and light sedation in spontaneously breathing patients, NIVATS can help reduce perioperative morbidity, particularly in subjects with impaired cardiorespiratory performance. The primary aim of our retrospective observational study was to evaluate feasibility, safety and short-term outcomes of NIVATS in minor and major lung procedures at our institution.

Methods : All 21 patients scheduled for NIVATS at the university hospital of Montpellier between May 2021 and September 2022 were included in this study. Surgical procedures were done under locoregional anesthesia (thoracic epidural anesthesia or paravertebral nerve blockade) and light sedation in spontaneously breathing patients. Patient's baseline characteristics and peri/postoperative outcomes were collected retrospectively from their medical charts. The primary outcome was a surgical feasibility score ranging from 4 (excellent conditions) to 1 (unsatisfactory conditions).

Results : Median patient age was 71 years and median ASA score was III. We included : 14 lung biopsies for suspected interstitial lung disease, 3 talc pleurodesis for recurrent pneumothorax, one wedge resection for lung abscess, 2 lobectomies and one segmentectomy for cancerous lesions. The most common neuraxial anesthesia technique used was thoracic epidural (85%) followed by paravertebral nerve blockade (15%). Feasibility score was excellent in 76% of patients. Conversion to general anesthesia and selective intubation were needed in 14% of patients because of an epidural failure. One patient required conversion to thoracotomy because of severe lung adhesions. Interventions were well tolerated by patients with the lowest perioperative oxygen saturation median ranging at 94%. Among patients receiving lung biopsy for suspected interstitial lung disease, no acute pulmonary exacerbation was recorded in the following month. Median hospital stay was 2 days. The median operative duration was 25 minutes for lung biopsies, 27 minutes for talc pleurodesis and 123 minutes for lung resections. The average postoperative chest tube duration was 29 hours with 57% of chest tubes removed in PACU. Three patients presented with a prolonged air leak and one patient required another intervention a month after his lung abscess resection surgery because he developed an empyema.

Conclusion :

Our study suggests that minor and major lung procedures can be safely performed in spontaneously breathing patients receiving locoregional anesthesia and light sedation. Nevertheless, further randomized well powered trials are needed to establish the real impact of this technique on perioperative morbidity and mortality. 
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 123 Fig. 1 : Static relationship between transpulmonary pressure (alveolar pressure -pleural pressure) and pleural pressure. A given change in transpulmonary pressure produces the largest change in volume where the alveoli sit on the steepest portion of the curve. (Principles and Practice of Anesthesia for Thoracic Surgery, second edition, 2019 28 )

Fig. 4 :

 4 Fig. 4 : Schematic representation of paradoxical respiration and mediastinal shift (Benumof JL., Anesthesia for thoracic surgery, second edition, 1995 29 )

Fig. 5 :

 5 Fig. 5 : Intrathoracic vagal nerve is blocked at the level of the lower trachea for right-sided procedures and at the level of the aortopulmonary window for left-sided procedures. A : Aorta ; T : Trachea ; V : Vagal nerve ; S : Superior vena cava (Non-intubated thoracoscopic surgery using internal intercostal nerve block, vagal block and targeted sedation, Ming-Hui Hung and al., European Journal of Cardiothoracic Surgery, 2014 30 )

Fig. 6 :

 6 Fig. 6 : Feasibility scoring system taken from Pompeo and al., (Awake thoracoscopic biopsy of interstitial lung disease, Ann Thorac Surg. 2014 31 ).

Fig. :

 : Fig. : Management of NIVATS complications protocol.
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 : Fig. : Conversion to general anesthesia and intubation protocol

Fig. :

 : Fig. : Conversion to general anesthesia and intubation protocol.
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Table 1 :

 1 Population baseline characteristics

	Sex, % (n)
	Man
	Woman

SpO2 : Peripheral oxygen saturation ; PACU : Post-anesthesia care unit ; PONV : Postoperative nausea and vomiting.

  Ces dernières années, et afin de réduire les effets secondaires liés à l'anesthésie générale et à la ventilation mécanique, la vidéo-thoracoscopie non intubée (NIVATS) a été proposée comme alternative à la ventilation uni-pulmonaire au cours de la chirurgie thoracique. En associant une technique d'anesthésie locorégionale (ALR) à une sédation légère chez des patients en ventilation spontanée, la NIVATS pourrait contribuer à réduire la morbi-mortalité péri-opératoire, en particulier chez les patients souffrant d'une insuffisance cardio-respiratoire. L'objectif principal de notre étude observationnelle rétrospective était d'évaluer l'innocuité et la faisabilité d'une stratégie non intubée au cours de la chirurgie pulmonaire mineure et majeure.Méthodes: Tous les patients opérés d'un NIVATS au CHU de Montpellier entre mai 2021 et septembre 2022 ont été inclus dans l'étude. Les interventions chirurgicales étaient réalisées sous ALR (péridurale thoracique ou bloc paravertébral) et sédation. Les caractéristiques des patients inclus et les données de suivi péri-et postopératoires étaient recueillies rétrospectivement à partir des dossiers médicaux. Le critère de jugement principal était un score de faisabilité chirurgicale allant de 4 (excellentes conditions) à 1 (conditions insatisfaisantes).Résultats : 21 patients ont été inclus dans l'étude au total : 14 biopsies pulmonaires pour suspicion de pneumopathie interstitielle diffuse (PID), 3 pleuro-talcages pour pneumothorax récidivant, une résection atypique pour abcès pulmonaire, 2 lobectomies et une segmentectomie pour lésions cancéreuses. L'âge médian des patients était de 71 ans et le score ASA médian était à III. La technique d'ALR la plus utilisée était la péridurale thoracique (85%) suivie du bloc paravertébral (15%). Le score de faisabilité était jugé excellent chez 76 % des patients. Une conversion en anesthésie générale avec intubation sélective était nécessaire chez 14 % des patients en raison d'un échec de la péridurale. Un patient a été converti en thoracotomie en raison d'adhérences pleuro-pulmonaires sévères. Les interventions étaient globalement bien tolérées, la médiane des saturations périphériques en oxygène périopératoires minimales étant à 94 %. Parmi les patients opérés d'une biopsie pulmonaire pour suspicion de PID, aucune exacerbation aiguë n'a été enregistrée dans le mois suivant l'intervention. La durée médiane d'hospitalisation était de 2 jours. La durée opératoire médiane était de 25 minutes pour les biopsies pulmonaires, 27 minutes pour les pleuro-talcages et 123 minutes pour les résections pulmonaires. La durée moyenne de drainage thoracique postopératoire était de 29 heures, 57 % des drains thoraciques étant retirés en SSPI. Trois patients ont présenté un bullage prolongé et un patient a été réopéré à un mois de sa chirurgie de résection d'abcès pulmonaire car il a développé un empyème.Conclusion : La vidéo-thoracoscopie non intubée pourrait être appliquée en toute sécurité au cours de la chirurgie thoracique mineure et majeure. Néanmoins, des études randomisées robustes sont nécessaires pour établir l'impact réel de cette technique sur la morbi-mortalité péri-opératoire.

Key words : NIVATS, thoracic surgery, tubeless VATS, awake VATS, spontaneous ventilation, lung biopsy, interstitial lung disease, lung resection, locoregional anesthesia, one lung ventilation

ABSTRACT Contexte :

Mots clés : NIVATS, chirurgie thoracique non intubée, chirurgie éveillée, vidéothoracoscopie, ventilation spontanée, biopsie pulmonaire, pneumopathie interstitielle diffuse, anesthésie loco-régionale, ventilation unipulmonaire

SERMENT D'HIPPOCRATE

En présence des Maîtres de cette école, de mes chers condisciples et devant l'effigie d'Hippocrate, je promets et je jure, au nom de l'Etre suprême, d'être fidèle aux lois de l'honneur et de la probité dans l'exercice de la médecine.

Je donnerai mes soins gratuits à l'indigent et n'exigerai jamais un salaire au-dessus de mon travail.

Admise dans l'intérieur des maisons, mes yeux ne verront pas ce qui s'y passe, ma langue taira les secrets qui me seront confiés, et mon état ne servira pas à corrompre les moeurs, ni à favoriser le crime.

Respectueuse et reconnaissante envers mes Maîtres et mes maîtresses, je rendrai à leurs enfants l'instruction que j'ai reçue de leurs pères et leurs mères.

Que les hommes et les femmes m'accordent leur estime si je suis fidèle à mes promesses. Que je sois couverte d'opprobre et méprisée de mes confrères et consoeurs si j'y manque.