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Patients and methods

Selection of the patients

Patients were selected from a prospective cohort [START_REF] Gounant | Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) (2012) Experience of Tenon hospital (HU Est parisien, AP-HP Paris). The point of view of the pneumologist, the point of view of the cytologist[END_REF] that comprehensively describes all EBUS-TBNA procedures performed in Tenon hospital, a tertiary university teaching hospital in Paris, France. Over the study period (May 2011-May 2015), the database comprised 842 records almost exclusively performed in the respiratory department, a referral center for lung cancer. Of those latter, 9 were performed in the ICU.

Methods and Sampling Procedures

EBUS-TBNA equipment was a 6.7 mm outer diameter, real-time, bronchoscope (BF-UC-160F; Olympus Ltd., Tokyo, Japan) with a 7.5-MHz linear ultrasound transducer set on a 50 mm maximal penetration. Specimens were obtained using a 22-gauge dedicated needle (Figure 1) equipped with a stylet (ViziShot NA-201SX; Olympus Ltd). EBUS-TBNA was performed by three interventional pulmonologists (V.G., M.F., JM.N.), whereas ROSE was performed by a single experienced lung cytologist (J.F.). The diagnosis obtained with EBUS-TBNA was based on cytological material examination; all specimens were reviewed by J.F.

The representative nature of the aspirations was established by the presence of characteristic lymph node cells [START_REF] Herth | Endobronchial ultrasound with transbronchial needle aspiration for restaging the mediastinum in lung cancer[END_REF]. Only when representative, cytological samples were either positive if they carried a diagnosis, or negative if only lymphocytes were observed. The final diagnosis was based on EBUS-TBNA samples and all other diagnostic procedures.

Because of its large diameter, the bronchoscope was inserted either orally or through the endotracheal tube, whether the patients were breathing spontaneously or mechanically ventilated. EBUS was performed under conscious sedation (mild sedation) or general anesthesia [START_REF] Casal | Randomized trial of endobronchial ultrasoundguided transbronchial needle aspiration under general anesthesia versus moderate sedation[END_REF]. As recommended, local anesthesia (2% lidocaine) was systematically administered to further minimize cough [START_REF] Wahidi | American College of Chest Physicians consensus statement on the use of topical anesthesia, analgesia, and sedation during flexible bronchoscopy in adult patients[END_REF]. Mild sedation included hydroxyzine, bolus of midazolam or propofol with domperidone and atropine.

Statistical analysis and ethical considerations

Demographics, clinical variables, and laboratory findings are reported as median (interquartile range) and the absolute and relative frequencies are used for categorical variables, unless stated otherwise. Statistical analysis was performed with Stata 10.1 software (StataCorp, College Station, Texas).

The samples were collected according to French legislation and the ethical rules of our institution at the time the experiments were carried out. All patients or relatives were informed and gave consent

Results

Patient's characteristics

During the study period, 9 patients (8 males; age 62 years ; IGS2 22 ) underwent an EBUS-TBNA procedure, 5 [START_REF] Herth | Endobronchial ultrasound with transbronchial needle aspiration for restaging the mediastinum in lung cancer[END_REF][START_REF] Casal | Randomized trial of endobronchial ultrasoundguided transbronchial needle aspiration under general anesthesia versus moderate sedation[END_REF][START_REF] Wahidi | American College of Chest Physicians consensus statement on the use of topical anesthesia, analgesia, and sedation during flexible bronchoscopy in adult patients[END_REF][START_REF] Fritscher-Ravens | Bedside endosonography and endosonography-guided fine-needle aspiration in critically ill patients: a way out of the deadlock?[END_REF][START_REF] Berzosa | Diagnostic bedside EUS in the intensive care unit: a single-center experience[END_REF][START_REF] Bhaskar | The intubated patient with mediastinal disease-a role for esophageal access using the endobronchial ultrasound bronchoscope[END_REF][START_REF] Zhang | Combined endobronchial and endoscopic ultrasound-guided fine needle aspiration for mediastinal lymph node staging of lung cancer: a meta-analysis[END_REF] days after ICU admission. Table 2 displays the patients' characteristics during the procedure. The reasons for ICU admission were acute respiratory failure (ARF, n=5), asphyxiating hemoptysis (n=1) and abundant hemoptysis (n=3, including 2 hemoptysis after bronchial biopsy). The median SOFA score was 2 [START_REF] Herth | Endobronchial ultrasound with transbronchial needle aspiration for restaging the mediastinum in lung cancer[END_REF][START_REF] Casal | Randomized trial of endobronchial ultrasoundguided transbronchial needle aspiration under general anesthesia versus moderate sedation[END_REF][START_REF] Wahidi | American College of Chest Physicians consensus statement on the use of topical anesthesia, analgesia, and sedation during flexible bronchoscopy in adult patients[END_REF] and vasopressors were ongoing for 2 patients (22%) on the day of EBUS-TBNA.

Radiological findings

All patients had undergone a median of 2 [1-3] CT-scan before EBUS was performed. The CT scan patterns were reviewed by V.G. Lung or pleura were involved in all patients.

Mediastinal and hilar lymphadenopathy were observed in 8 patients, whereas an isolated mediastinal lymphadenopathy was observed in the remaining (patient 4). The size of lymph nodes punctured ranged between 5 and 35 mm. Noteworthy, a fluorine-18fludeoxyglucose (18F-FDG) positron emission tomography (PET)/CT had been performed in 4 patients within the preceding 30 days, demonstrating at least one hypermetabolic lymph node with a maximal standardized uptake value (SUVmax) ranging from 3.7 to 8.5.

Prior diagnosis procedures and rationale for EBUS-TBNA recourse

Bronchoscopic lower respiratory tract samplings (tracheal aspirate TA, or bronchoalveolar lavage BAL) were obtained in all patients for usual pathogens and mycobacteria. Three patients had a positive bacterial culture (Enterococcus faecalis, n=1; Proteus mirabilis, n=1; Serratia marcescens, n=1), and all were negative for mycobacteria. In addition to conventional lung sampling procedures, other tissue samples were obtained before EBUS-TBNA was performed, including gastroduodenal (n=3), skin (n=3), or accessory salivary gland (n=1) biopsies, and thyroid fine needle aspiration (n=1). In addition to life-threatening hemoptysis complicating lung biopsies (patients 2, 4, 6, 7), the severity of the underlying pulmonary disease (patients 1, 5 and 8) and the accessibility to the paratracheal region (patient 9) also participated to the intensivists' decision for performing EBUS.

Diagnosis accuracy and safety of EBUS-TBNA

Excluding the patient 6 for whom all aspirations were non-representative of the node structure, EBUS-TBNA was representative of lymph node structure in 69% of the cases (41 of 59 aspirations). When necessary, molecular testing was performed on EBUS-TBNA samples (patients 4 and 9). Strikingly, central pulmonary embolism was distinctly observed by EBUS in one patient (patient 4). There were no complications, except minor bleedings at the puncture site (patients 7 and 9) that were merely controlled by local instillation of cold serum or adrenaline.

Discussion

If the role of EBUS-TBNA or esophageal ultrasound-guided fine needle aspiration (EUS-FNA) has been traditionally limited to non emergent settings, its expanding applications and performances may concern intensivists, regarding the recent reports of esophageal EUS-FNA in critically ill patients [START_REF] Fritscher-Ravens | Bedside endosonography and endosonography-guided fine-needle aspiration in critically ill patients: a way out of the deadlock?[END_REF][START_REF] Berzosa | Diagnostic bedside EUS in the intensive care unit: a single-center experience[END_REF][START_REF] Bhaskar | The intubated patient with mediastinal disease-a role for esophageal access using the endobronchial ultrasound bronchoscope[END_REF].

Safety

The safety of EBUS/EUS-FNA has been widely assessed in large series [START_REF] Zhang | Combined endobronchial and endoscopic ultrasound-guided fine needle aspiration for mediastinal lymph node staging of lung cancer: a meta-analysis[END_REF][START_REF] Eapen | American College of Chest Physicians Quality Improvement Registry, Education. Complications, consequences, and practice patterns of endobronchial ultrasound-guided transbronchial needle aspiration: Results of the AQuIRE registry[END_REF], complications being very rarely reported [START_REF] Huang | A rare constellation of empyema, lung abscess, and mediastinal abscess as a complication of endobronchial ultrasound-guided transbronchial needle aspiration[END_REF][START_REF] Steinfort | Incidence of bacteraemia following endobronchial ultrasound-guided transbronchial needle aspiration[END_REF][START_REF] Botana-Rial | Intramural hematoma of the pulmonary artery and hemopneumomediastinum after endobronchial ultrasound-guided transbronchial needle aspiration[END_REF][START_REF] Özgül | An unusual complication of endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA): the needle breakage[END_REF]. In a recent prospective quality improvement registry [START_REF] Eapen | American College of Chest Physicians Quality Improvement Registry, Education. Complications, consequences, and practice patterns of endobronchial ultrasound-guided transbronchial needle aspiration: Results of the AQuIRE registry[END_REF] enrolling more than 1300 non-critically ill patients undergoing EBUS-TBNA, the rate of complications was 1.4%, including pneumothorax (n=7; 0.5%), sustained hypoxemia (n=4; 0.3%), bleeding (n=3; 0.2%) and respiratory failure (n=3; 0.2%). In multivariate analysis, TBLB performed during the procedure was the only factor associated with the occurrence of pneumothorax. However, complications (especially pneumothorax) of TBLB may average 15% in critically ill cancer or mechanically ventilated patients [START_REF] O'brien | Safety and yield of transbronchial biopsy in mechanically ventilated patients[END_REF][START_REF] Yoo | Etiologies, diagnostic strategies, and outcomes of diffuse pulmonary infiltrates causing acute respiratory failure in cancer patients: a retrospective observational study[END_REF] when performed during fiberoptic bronchoscopy. Similarly, the complications related to CT-guided biopsy are frequent and may be fatal [START_REF] De Margerie-Mellon | Diagnostic Yield and Safety of Computed Tomography-guided Mediastinal Core Needle Biopsies[END_REF][START_REF] Nour-Eldin | Risk factor analysis of pulmonary hemorrhage complicating CT-guided lung biopsy in coaxial and non-coaxial core biopsy techniques in 650 patients[END_REF]. Finally, open lung biopsy (OLB) exhibits very high complications rates ranging from 20 to 56%, when performed in mechanically ventilated patients with undiagnosed diffuse pulmonary infiltrates [START_REF] Libby | Surgical lung biopsy in adult respiratory distress syndrome: a meta-analysis[END_REF][START_REF] Lim | Usefulness of open lung biopsy in mechanically ventilated patients with undiagnosed diffuse pulmonary infiltrates: influence of comorbidities and organ dysfunction[END_REF]. Altogether, the side effects of TBLB, CT-guided or OLB should be confronted to the vulnerability of critically ill patients, particularly hematological patients [START_REF] Levi | Coagulation abnormalities in critically ill patients[END_REF].

In our series, EBUS-TBNA was a diagnostic technique of particular value in selected patients (patients 2, 4, 6 and 7) who were estimated to be at high risk of bleeding during conventional lung sampling procedures. In particular, for the patients 3 and 7, the real time visualization of a vessel through the lymph node (station 4 and 7, respectively) prompted the operator to avoid the vessel during the puncture or to puncture another lymph node. In the same way, EBUS-TBNA was also a precious alternative diagnostic procedure in patients suffering of severe respiratory insufficiency (patients 1, 3 and 5) in whom the occurrence of a pneumothorax was feared.

Diagnostic yield

In our series, the diagnostic yield of EBUS-TBNA was higher than that reported with conventional lung samples procedures in critically ill patients, especially TBLB either isolated or combined with BAL [START_REF] O'brien | Safety and yield of transbronchial biopsy in mechanically ventilated patients[END_REF][START_REF] Rao | Utility of transbronchial biopsy in patients with acute respiratory failure: a postmortem study[END_REF][START_REF] Bulpa | Combined bronchoalveolar lavage and transbronchial lung biopsy: safety and yield in ventilated patients[END_REF], or CT-guided mediastinal biopsy [START_REF] Gay | Diagnostic contribution from pulmonary biopsies in hematology patients with acute respiratory failure from undetermined etiology[END_REF]. Finally, EBUS-TBNA yield approached that of open lung biopsy in mechanically ventilated patients [START_REF] Libby | Surgical lung biopsy in adult respiratory distress syndrome: a meta-analysis[END_REF].

Even if such information may be interpreted with caution [START_REF] Nakajima | Rapid on-site cytologic evaluation during endobronchial ultrasound-guided transbronchial needle aspiration for nodal staging in patients with lung cancer[END_REF], ROSE may certainly have participated to the high diagnostic rate, by improving the quality of the samples [START_REF] Gounant | Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) (2012) Experience of Tenon hospital (HU Est parisien, AP-HP Paris). The point of view of the pneumologist, the point of view of the cytologist[END_REF][START_REF] Nakajima | Rapid on-site cytologic evaluation during endobronchial ultrasound-guided transbronchial needle aspiration for nodal staging in patients with lung cancer[END_REF][START_REF] Kumar | A "ROSE" in every "EBUS" keeps transbronchial lung biopsy away[END_REF].

Moreover, EBUS demonstrated exceptional accuracy in some cases of diagnostic deadlock (patient 3), by providing the diagnosis of angiosarcoma, without any worsening of the critical respiratory state.

Feasibility

Endotracheal tube placement or laryngeal mask may be useful to perform EBUS-TBNA under general anesthesia (GA). Passing the EBUS scope is roughly equivalent to passing a standard fiberoptic bronchoscope except that, depending on the diameter, it may significantly impact on pressures and volumes. If passed through a ♯8.5 endotracheal tube, EBUS occludes 66% of the cross-section. The occlusion reaches 74% and 80% for ♯8 and ♯7.5 tubes, respectively. In patient 6, kink or secretions may have completed the tube obstruction that constrained the operator to remove intermittently the EBUS scope to allow mechanical ventilation. So, we recommend at least a ♯8 tube. No ventilatory complications were reported with the ♯8.5 endotracheal tube or the laryngeal mask.

A second limitation resides in the fact that lymph node stations 5, 6, 8 and 9 are not accessible by EBUS approach for anatomical reasons (Figure 2). In addition, the diameter of the scope prevents the access to the station 14. However the access to the areas 5, 6, 8 and 9 can be recovered by associating an esophageal ultrasound-guided (EUS) phase likewise approved as a safe procedure [START_REF] Micames | Endoscopic ultrasound-guided fine-needle aspiration for non-small cell lung cancer staging: A systematic review and meta-analysis[END_REF].

Finally, the extent of sedation (minimal, moderate, deep, GA) for the procedure is not specifically defined, and may depend on the duration and the complexity of the procedure as well as the tolerance of the patient [START_REF] Wahidi | American College of Chest Physicians consensus statement on the use of topical anesthesia, analgesia, and sedation during flexible bronchoscopy in adult patients[END_REF]. A target-controlled infusion of sedation may bring particular benefits (patient 9) by reducing the hemodynamics side effects of the sedation [START_REF] Chalumeau-Lemoine | Flexible fiberoptic bronchoscopy and remifentanil target-controlled infusion in ICU: a preliminary study[END_REF] and should be evaluated.

To summarize, advances in ultrasound technology enhance the area of diagnostic applications in daily clinical practice. In the ICU setting, EBUS-TBNA is a safe procedure, associated with a good and rapid diagnosis yield at bedside, so that it might be preferable to TBLB, when the hilum and/or mediastinum are involved. Finally, EBUS-TBNA appears as an elegant diagnostic solution with minimal risks in vulnerable patients. Further studies are needed to confirm these promising results. inferior pulmonary ligament, Eso: esophagus; H: heart; n.: nerve.
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 1 Figure 1. Imaging of EBUS lymph node identification and puncture
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 2 Figure 2. Anatomical depiction of lymph node stations