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A Maxime, pour ces quelques mois annéciens ensoleillés, des bières Ikea jusqu'à aujourd'hui, pour toutes les cases qu'on n'a pas encore en commun. Merci de m'avoir soutenue dans ce déni de thèse, pour la limite insta, le skate, le crawl unilatéral et l'esprit sportif que tu tentes de m'inculquer. Merci de toujours me faire sourire, même quand il pleut. were initially widely used for benign stenosis, because of their ease of placement, immediate airway patency restoration, low risk of migration and their great adjustment for irregular and malacic airway [START_REF] Cuisnier | Surgical and/or endoscopic treatment of acquired tracheal stenosis in adult patients[END_REF][START_REF] Ducic | Use of endoscopically placed expandable nitinol tracheal stents in the treatment of tracheal stenosis[END_REF][START_REF] Husain | Long-term follow-up of ultraflex metallic stents in benign and malignant central airway obstruction[END_REF] . Post tracheostomy, post intubation stenosis and tracheobronchomalacia are the most common benign etiologies leading to airway stenting [START_REF] Murgu | Central Airway Obstruction: Benign Strictures, Tracheobronchomalacia, and Malignancy-related Obstruction[END_REF] . Most SEUMS is made from nitinol, an alloy of nickel and titanium, which provide shape memory properties. They are considered to incorporate into the tracheal mucosa rapidly in 3 to 6 weeks and are described as a permanent option of stenting and less likely to migrate [START_REF] Ducic | Use of endoscopically placed expandable nitinol tracheal stents in the treatment of tracheal stenosis[END_REF] . Also, the epithelialization within the stent maintains mucociliary clearance, which improves tolerance.

TABLE DES MATIÈRES

The use of SEUMS stent is not recommended in the setting of benign airway stenosis due to late complications such as granulation tissue formation resulting in stenosis and recurrent respiratory infections, migration, stents' fracture, fistulae formation and mucous plugging [START_REF] Saad | Self-expandable metallic airway stents and flexible bronchoscopy: long-term outcomes analysis[END_REF] . The Food and Drug Administration (FDA) published a public health notification in 2005 about SEUMS and does not recommend its use in benign disease unless there is no other alternative [START_REF]FDA public health notification: complications from metallic tracheal stents in patients with benign airway disorders[END_REF] . When stenting is the only option for these patients, silicone or covered stents are the best option to treat benign airway stenosis. Despite this, some patients with benign airway disorders underwent SEUMS placement and presented important stent-related complications. In some cases, SEUMS removal was mandatory and procedures were very risky due to several issues and complications [START_REF] Noppen | Removal of covered self-expandable metallic airway stents in benign disorders: indications, technique, and outcomes[END_REF][START_REF] Lunn | Endoscopic removal of metallic airway stents[END_REF][START_REF] Alazemi | Outcomes, health-care resources use, and costs of endoscopic removal of metallic airway stents[END_REF] .

Few studies described various rigid bronchoscopy removal techniques but mostly for covered stents [START_REF] Noppen | Removal of covered self-expandable metallic airway stents in benign disorders: indications, technique, and outcomes[END_REF][START_REF] Lunn | Endoscopic removal of metallic airway stents[END_REF] . The usual technique is to clamp the upper part of the stent with a forceps and make a rotation movement, without dissection. This approach can lead to mucosal damage and stent fracture in the setting of SEUMS.

In this study, we analyze retrospectively SEUMS removal using rigid bronchoscopy in patients who underwent SEUMS placement for benign disorders. We also describe a novel technique to safely remove these stents as well as the indications, outcomes and complications.

Operative technique

All patients were informed about surgical risks, including life-threatening complications and gave informed consent for surgery. No stent was removed in an emergency and all procedures were scheduled leaving enough time to patients to decide whether they want to be operated on or not, as they play an important role in deciding their own care, in the setting of high-risk procedures.

SEUMS removal is done under general anesthesia. The patient is ventilated by highfrequency jet ventilation connected to the ventilation port of a rigid bronchoscope, with a fraction of inspired oxygen of 100% and a frequency of 120 breaths per minute.

We used size 12 rigid bronchoscope (EFER-DUMON®, Marseille, France) for tracheal stent removal and size 8.5 rigid bronchoscope (KARL STORZ®, Tuttlingen, Germany) for bronchial stent removal. A HOPKINS® telescope 0° (10320A, 5.5mm X 50cm) inserted in the bronchoscope and connected to a camera and a video endoscopy tower is used throughout the whole procedure to get an endoscopic view of the surgical field. A metallic suction tube of 45 cm length and 4 mm diameter (10380AM, KARL STORZ®, Tuttlingen, Germany) is used to aspirate secretions and blood during stent removal.

In the first four procedures, a grasping forceps (BAF52 CR, MEDISURGE©, Marseille, France) is used to grasp the circular extraction loop or if impossible, one of the metallic loops of the proximal edge of the stent. Then removal was performed using the usual technique described in the literature by making twisting movements, which breaks the threads to remove the stent in a piecemeal fashion or as "rolling spaghetti on a fork" fashion (Figure 1) [START_REF] Nashef | Expanding wire stents in benign tracheobronchial disease: indications and complications[END_REF] .

In all other procedures of SEUMS removal, we used a new operative technique (Figure 2 and Video 1). In this technique, the tip of the rigid bronchoscope was placed next to the proximal end of the stent. Next, the stent was carefully dissected from the airway wall around the entire circumference with bronchoscopic hook scissors (BAC00, MEDISURGE©, Marseille, France). The bronchoscope was advanced between the trachea and the stent throughout the dissection. Once the stent was completely dissected from the tracheobronchial wall, we removed it in one piece with a gentle traction using the grasping forceps. After removal, we injected steroids (Depo-Medrol 40mg/ml, PFIZER®, US) in the surgical bed to lower the risk of granulation tissue formation. Injection is performed using a syringe filled with the solution and 

RESULTS

Patients' characteristics

Patients in this series (total (n=7), female (n=4) and male (n=3)) underwent SEUMS 

Indications for stent removal

Given the risks of the removal, indication was discussed with pulmonologists and patients. The decision was made on several arguments and symptoms, taking in consideration the benefit-risk balance of the procedure.

Patients presented multiple stent-related complications shown in table 1.

All patients presented recurrent infections and required repeated antibiotic treatments.

One patient had a lung abscess. Excessive granulation tissue formation was observed in all patients. Four patients presented significant granuloma formation with airway obstruction and two patients needed fiber CO2 laser debulking before stent removal. In two patients, segments of the stent showed fractures with protrusion into the tracheobronchial airway. Significant stenosis was observed in one of these two patients. There was no case of stent migration in our series.

Eight patients complained about chronic severe cough. Five patients presented chronic dyspnea and needed oxygen therapy.

Table 1: Indications for stent removal

Indications for SEUMS removal n

Recurrent infection 9

Recurrent granulation tissue formation 9

Obstructive granulation tissue 4

Stent fracture 2

Migration 0

Outcomes and complications

Four stents were removed using the usual technique of piecemeal fashion or "rolling spaghetti on a fork" fashion and 5 stents were removed using our new dissection technique.

Stent location was tracheal in 1 case, left main bronchus in 2 cases, bronchus intermedius in 3 cases and tracheobronchial with Y-shape stent in 3 cases.

Operative time ranged from 2,2 to 9,9 hours (mean time 4,8 hours). Six stents were removed without any peroperative complications. Superficial mucosal tear was not considered as a complication in our study, as SEUMS were deeply incorporated in the tracheobronchial wall in all patients.

Peroperative complications occurred in three procedures. In one patient, we left few residual metallic threads. This patient had a history of stent fracture before removal.

One patient got a deep mucosal tear with cartilage exposure but without airway breach or subsequent consequences. One difficult removal resulted in a mediastinal breach secondary to a deep tracheal tear with subsequent pneumothorax and massive subcutaneous emphysema. In this case, we used fibrin glue to seal the tear and we placed a Y-shaped silicone stent to reinforce sealing of the tracheal tear. A chest tube was also placed. The patient needed prolonged intubation and ventilation and developed intensive care-unit acquired weakness. After 37 days of intubation, we performed a temporary tracheostomy to extubate the patient and we removed the silicone stent in the same setting.

The longest operative time in our series was in an 81 years-old female patient and the surgery lasted for almost 10 hours. This patient had a history of tracheobronchomalacia and had a Y-shaped SEUMS for 6 years. The dissection was tedious, especially for the bronchial parts of the stent. There were no significant peroperative complications in this case but immediately after stent removal, the patient showed severe tracheobronchomalacia with oxygen desaturation. A Y-shaped metallic covered stent was deployed. She was extubated the next day in the intensive care unit but showed signs of acute respiratory distress 8 days after surgery and was reintubated with difficult ventilation parameters. Unfortunately, this patient died from acute respiratory failure. Complications are detailed in table 2.

Table 2: Per and postoperative complications of SEUMS removal

Complications n

Cartilage exposure 1

Pneumothorax from mediastinal breach 1

Retained stent pieces 1

Postoperative death 1 Consequently, we observed two life-threatening complications in nine procedures, leading to longer hospital stay or death. One of them was postoperative and directly related to the patient's poor respiratory status. The median time of postoperative intubation in the intensive care unit was 0 day (range 1 to 37 days).

Table 3 shows the comparison between the two techniques used for SEUMS removal in our series. The mean operative time was nearly similar in the two techniques (4,7 hours for the piecemeal technique and 4,8 hours for the dissection technique). We observed two peroperative complications with the "piecemeal" technique (one case of mediastinal breach with pneumothorax and massive subcutaneous emphysema and a case of retained stent piece). Subsequently, the mean postoperative intubation period was longer in the "piecemeal" technique (9,5 days) compared to the dissection technique (2,5 days) that presented one minor complication in the form of cartilaginous exposure that occurred during dissection. Katlenburg-Lindau, Germany). This technique was described in one of our previous publications and its aim is to stiffen the posterior tracheal wall through fibrosis [START_REF] Castellanos | Laser tracheobronchoplasty: a novel technique for the treatment of symptomatic tracheobronchomalacia[END_REF] . A summary of all cases of SEUMS removal in our series is shown in table 4.

Table 4: Descriptions of stents characteristics, removal details, complications and outcomes

Ultraflex stent (Boston Scientific Corporation, Natick, MA) Leufen stent (Leufen Medical GmbH, Berlin, Germany)

DISCUSSION

Management of central airway obstruction in benign pathology is quite challenging.

Many non-surgical techniques have been used such as laser photocoagulation, balloon dilatation and stenting of the airway [START_REF] Ernst | Central airway obstruction[END_REF][START_REF] Galluccio | Interventional endoscopy in the management of benign tracheal stenoses: definitive treatment at long-term follow-up[END_REF] . Nowadays, tracheal stents are commonly used for the treatment of airway stenosis but indications are still debating [START_REF] Dutau | Airway Stenting Revisited: 30 Years, the Age of Reason?[END_REF] . Silicone stents are preferred for patients with benign strictures since FDA and authors warned about the use of SEUMS [START_REF]FDA public health notification: complications from metallic tracheal stents in patients with benign airway disorders[END_REF] . Despite this, some patients with benign airway stenosis underwent SEUMS placement. This was justified by the fact that SEUMS allows epithelialization within the stent lumen, therefore they are less likely to migrate, which could be convenient for patients with long life expectancy. On the other hand, this renders them very tedious and dangerous to remove.

In our series, we used a new technique to dissect embedded uncovered metallic stents from the tracheobronchial wall, while limiting the risk of airway tears. To the best of our knowledge, this is the first description of this technique. Other authors described some removal procedures using the bronchoscope to dissect metallic stents from the tracheobronchial wall, but all stents in these series were covered metallic stents [START_REF] Noppen | Removal of covered self-expandable metallic airway stents in benign disorders: indications, technique, and outcomes[END_REF][START_REF] Chawla | Removal of self expandable metallic airway stent: A rare case report[END_REF] . No wonder that, as described, when they advance the bronchoscope around the stents, they can dissect and remove them easily. One of these studies described removal of covered metallic stents in patients with a history of 1 month to 5 years of stent placement [START_REF] Noppen | Removal of covered self-expandable metallic airway stents in benign disorders: indications, technique, and outcomes[END_REF] . We observe in these series that when the duration of stenting increases, patients show high risk of complications like tracheobronchial tears and peroperative stents' fractures with inability to remove the whole stent.

Few authors described SEUMS removal with rigid bronchoscopy which consist of clamping the upper part of the stent, to separate the stent from the tracheal wall, using optical forceps or Jackson dilators, then alligator forceps to rotate and extract the stent in a piecemeal fashion or "rolling spaghetti on a fork" fashion. One author used this technique in 12 uncovered metallic stents in a series of 30 stents grouping covered and uncovered metallic stents [START_REF] Lunn | Endoscopic removal of metallic airway stents[END_REF] . The mean duration of stenting was 163 days. The main complications for uncovered stents were retained stent pieces (n = 6) and reobstruction requiring silicone stent placement (n = 11). They observed that 91% of the complications occurred in patients with uncovered stents. They also found that complications were more likely to occur the longer a stent has been in place. In our series we focused only on SEUMS removal excluding any case with covered metallic stents because, according to our experience, covered stents are easy to remove and present a low rate of removal-related complications. On the other hand, peroperative complication rate of SEUMS removal in our series is lower than that described in the literature. In fact, we got only one life threatening peroperative complication in the form of tracheal tear with mediastinal breach, pneumothorax and subcutaneous emphysema in which we used the "piecemeal" fashion removal technique. No major peroperative complications occurred in cases where we used the dissection technique despite a long mean stenting time of 7,4 years in our series.

Several other methods of uncovered metallic stent removal have been developed. One author reported for one patient the use of an oversized silicone stent inside the SEUMS to apply pressure on the granulation tissue [START_REF] Khemasuwan | Complex metallic stent removal: decade after deployment[END_REF] . It maintains airway patency and leads to the necrosis of the granuloma, making it easier to remove the stent ten week later. This method is called stent-in-stent technique. Other authors described a combined endoscopic and open approach to remove SEUMS, under spontaneous ventilation [START_REF] Rampey | Combined endoscopic and open approach to the removal of expandable metallic tracheal stents[END_REF] .

They used a rigid bronchoscope with large alligator forceps to pull the stent then performed tracheotomy to remove remaining parts of the stent. They placed a silicone T-tube in a second-stage procedure a few weeks later. This technique has the disadvantage of requiring at least two general anesthesia and a skin incision.

Chung et al removed 18 uncovered stents in a series of 36 stents, using biopsy forceps through the working channel of flexible bronchoscopy [START_REF] Chung | Remove airway ultraflex stents by flexible bronchoscope[END_REF] . Eight uncovered stents were removed in a single procedure and 10 in multiple procedures (2 to 7). The duration of stenting was from 1 day to 3 years. He described 4 cases of retained pieces, 3 cases of mucosal tear with bleeding and 3 patients requiring new silicone stent placement due to reobstruction by granulation tissue. In comparison, our technique allows SEUMS removal in one intervention, in one piece and without skin opening even in patients with a history of long stenting time.

Recently, several authors have described a removal technique under fluoroscopy [START_REF] Xie | The strategy of removing tracheal stents by using an interventional technique under fluoroscopy[END_REF][START_REF] Bi | Fluoroscopic removal of self-expandable metallic airway stent in patients with airway stenosis[END_REF][START_REF] Zhao | Y-shaped airway self-expanding covered metallic stent removal via the interventional technique[END_REF] .

Xie et al reported the removal of 45 uncovered stents using internal stripping, direct removal or stent-in-stent technique, with a low complication rate in a cohort of patients with an average stenting duration of 6 months. Again, these results are difficult to compare with ours as shorter duration of stenting results in less granulation tissue formation, easier stent removal and less complications. In addition, although SEUMS removal with flexible bronchoscopy or fluoroscopy is attractive because it avoids general anesthesia for patients with major comorbidities, it is not possible in our population which has significant granulation tissue after years of stenting. Our technique is suitable for long-term uncovered stent placement with important granulation tissue. Moreover, rigid bronchoscopy allows direct airway access in case of massive bleeding or tracheal collapse and seems safer.

The main surgical complications of stent removal are tracheal wall dehiscence, bleeding, stent fracture, cartilage exposure, pneumothorax and mediastinal breach, which can lead to death. Lunn et al reported one case of pneumothorax, probably due to high pressure of jet-ventilation. One patient underwent thoracotomy and bronchotomy for stent removal in Alazemi's series. He also reported two deaths during hospitalization after removal "for reasons that were not clearly attributable to their removal procedure". In our series, complications occurred in two patients, but only one patient presented life-threatening peroperative complications in the form of mediastinal breach with pneumothorax. This is in accordance with previous reports for uncovered metallic stents removal by rigid bronchoscopy [START_REF] Lunn | Endoscopic removal of metallic airway stents[END_REF][START_REF] Alazemi | Outcomes, health-care resources use, and costs of endoscopic removal of metallic airway stents[END_REF] .

In our series, two patients needed silicone placement after SEUMS removal due to peroperative complication (one case) and important tracheobronchomalacia (one case).

Five patients underwent laser sessions for residual tracheobronchomalacia several months after stent removal, to avoid new stenting. We do not consider these last incidences as removal complications as it is directly related to the initial disease of the patient. Some authors even interpreted that if patients don't need additional surgery or new silicone stent placement after stent removal, it should question the first indication of stenting [START_REF] Lunn | Endoscopic removal of metallic airway stents[END_REF] . In all the series previously discussed, around 50% patients required silicone stents' placement following metallic stents' removal. We only placed silicone stents in two cases at the end of our procedures. In the rest of cases, we preferred to tolerate moderate tracheobronchomalacia and perform laser tracheobronchoplasty afterwards.

Ideal length of stenting time is the remaining question. Some authors now advise to remove SEUMS three months after deployment [START_REF] Bi | Fluoroscopic removal of self-expandable metallic airway stent in patients with airway stenosis[END_REF] . The use of iterative follow-up bronchoscopy or CT to identify and treat early complications is recommended [START_REF] Dialani | MDCT detection of airway stent complications: comparison with bronchoscopy[END_REF][START_REF] Lee | Airway stent complications: the role of followup bronchoscopy as a surveillance method[END_REF] .

Beyond the duration of stenting, primary indication and type of stent must be well discussed, and all alternative treatment should be considered to avoid long term stentrelated complications.

CONCLUSION

Although considered permanent, SEUMS can be removed by rigid bronchoscopy, even if the stent has been in situ for years. This is a very risky procedure and must be performed by a trained operator. Patients should be aware of possible fatal complications. We described a new technique using rigid bronchoscopy and bronchoscopic hook scissors for SEUMS removal through dissection that can help to decrease the risk related to this type of surgery.
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 1 Indications for stent removal ........................................................................................................................ Table 2: Per and postoperative complications of SEUMS removal ................................................................ Table 3: Comparison of the two SEUMS removal techniques........................................................................... Table 4: Descriptions of stents characteristics, removal details, complications and outcomes ....... DISCUSSION .............................................................................................................................. CONCLUSION ............................................................................................................................ REFERENCES ............................................................................................................................. INTRODUCTION Les prothèses trachéo-bronchiques ont été développées pour maintenir l'ouverture des voies aériennes supérieures, surtout dans le cadre d'obstructions d'origine maligne, par envahissement endo-bronchique ou compression extrinsèque. Elles sont depuis plusieurs décennies utilisées également pour les obstructions d'origine bénigne, comme la trachéomalacie, les sténoses post intubation ou post trachéotomie et les sténoses des anastomoses des patients greffés pulmonaires. Il existe différents types de prothèses trachéo-bronchiques. La première était en silicone et a été développée par Montgomery en 1965. Elle nécessite une trachéotomie pour être maintenue dans la trachée. Par la suite, des prothèses métalliques autoexpansibles non couvertes, initialement utilisées dans le traitement des sténoses vasculaires ou biliaires, ont été placées dans les voies aériennes supérieures. D'autres modèles couverts par une membrane de polyuréthane ou en silicone sont secondairement apparus, notamment pour limiter la croissance tumorale à travers les mailles de la prothèse. La plupart des prothèses non couvertes sont en nitinol, un alliage de nickel et de titane, et présentent un certain nombre d'avantages. Tout d'abord, elles vont s'intégrer à la muqueuse ; une épithélialisation se fait par-dessus la prothèse ce qui augmente la clairance muco-ciliaire et permet théoriquement une meilleure tolérance. Le nitinol apporte une mémoire de forme qui permet une bonne adaptation aux trachées irrégulières, notamment dans le cadre des trachéomalacies, et diminue également le risque de migration ultérieure. De plus, elles sont auto-expansibles et peuvent donc être placées facilement sous anesthésie locale, par bronchoscopie souple ou rigide, sans franchissement de la sténose par le bronchoscope. Tous ces avantages rendent ces prothèses attractives dans le cas des obstructions bénignes et ont donc été largement utilisées. Les effets sont bénéfiques à court terme mais il existe à long terme un certain nombre de complications. L'intégration et l'épithélialisation de la prothèse rendent le retrait très difficile et dangereux, elles sont donc souvent considérées comme permanentes. Elles peuvent également être à l'origine de fistule avec les organes avoisinants. De plus, un tissu de granulation peut se former à l'intérieur de la prothèse et devenir sténosant, nécessitant des désobstructions répétées. C'est également une source de surinfection bactérienne fréquente. Depuis 2005, il est officiellement non recommandé d'utiliser ces prothèses métalliques non couvertes dans les sténoses d'origine bénigne. Il existe un nombre difficilement évaluable de patients porteur de ce type de prothèse depuis des années et présentant des complications répétées. Pour limiter le nombre de traitements et d'hospitalisations ainsi qu'améliorer la qualité de vie, le retrait de ces prothèses peut être envisagé. Il s'agit d'une intervention risquée, chez des patients aux lourds comorbidités. Nous étudions sur une série de patients le retrait des prothèses trachéales métalliques non couvertes en bronchoscopie rigide, sous anesthésie générale, et discutons des complications per et post opératoires. Nous présentons également une nouvelle technique opératoire, développée dans le service d'ORL et de Chirurgie Cervico-Faciale du CHU de Grenoble-Alpes et pratiquée sur une partie de notre cohorte. Résumé Objectif : Nous étudions le retrait des prothèses métalliques non couvertes en bronchoscopie rigide sur une série de patients et présentons une nouvelle technique de retrait. Matériel et méthodes : Les données de sept patients ayant bénéficié du retrait de ces prothèses entre mai 2017 et mai 2022 ont été analysées rétrospectivement. Toutes les prothèses retirées ont été initialement placées pour une obstruction trachéale ou bronchique d'origine bénigne. Le retrait est réalisé en bronchoscopie rigide sous anesthésie générale en technique classique pour certains patients et selon une nouvelle technique pour les autres. Dans celle-ci, le bronchoscope est inséré progressivement entre la prothèse et la paroi trachéobronchique, tout en disséquant la prothèse de la paroi à l'aide de micro-ciseaux à lames crochet. Résultats : Neuf prothèses métalliques non couvertes ont été retirées chez les sept patients avec succès en bronchoscopie rigide. Cinq prothèses ont pu être retirées à l'aide de notre nouvelle technique. L'ablation des autres prothèses a été réalisée selon la technique couramment utilisée, à l'aide d'une pince crocodile, sans dissection. Les prothèses retirées ont été implantées en moyenne pendant 7 ans (5-12 ans). Les principales indications de retrait étaient les infections récurrentes, la formation de tissu de granulation, entraînant dans certains cas une obstruction trachéo-bronchique, et la fracture de la prothèse. Trois interventions ont présenté des complications peropératoires : persistance de débris prothétiques, déchirure de la muqueuse avec exposition cartilagineuse et brèche médiastinale avec pneumothorax. Deux de ces complications ont été observées lors de la réalisation de la technique usuelle sans dissection. Un patient, à l'état pulmonaire précaire, est décédé d'une défaillance respiratoire 8 jours après le retrait, sans qu'il ne soit observé de complication peropératoire. Conclusion : Bien que considérées comme permanentes, les prothèses trachéales métalliques non couvertes peuvent être retirées en bronchoscopie rigide après plusieurs années in situ. Il s'agit d'une procédure risquée et réservée aux opérateurs entraînés en bronchoscopie. Les patients doivent être prévenus du risque de complications vitales en per et post-opératoire. Mots clés : Prothèse trachéale métallique, non couverte, retrait, bronchoscopie rigide, risque vitale, microdissection INTRODUCTION Airway stenting has become a new appropriate treatment for benign and malignant tracheobronchial strictures in the absence of possible surgical option 1 . The gold standard treatment for airway obstruction remains tracheal resection with anastomosis but this technique does not apply for long segmental stenosis and patients may not support long and open surgery 2 . Self-expandable uncovered metallic stents (SEUMS)

  connected to a disposable flexible 23G and 4 mm injection needle (AF-D1816PN2304, ALTON Medical Instruments, Shanghai, China) introduced in the working channel of a single-use flexible bronchoscope (AMBU® aScopeTM Broncho, Copenhagen, Danemark). Patients were admitted for airway observation postoperatively for 2 to 4 days. They also get respiratory care including nebulized 3% sodium chloride to help clear secretions along with broad spectrum antibiotics. Some patients were also given nebulized N-acetyl-L-cystine 1gr/5ml b.i.d. (ISTENDO®, Delbert, France).

Figure 1 :

 1 Figure 1: "Piecemeal fashion" operative technique. a) Airway obstruction due to embedded SEUMS. b) Piecemeal fashion or as "rolling spaghetti on a fork" fashion operative technique. c) Pieces of SEUMS after removal. d) Post SEUMS removal view of the tracheal wall.

Figure 2 :

 2 Figure 2: SEUMS removal operative technique. a) Airway obstruction due to embedded SEUMS. b) Dissection of the upper part of the SEUMS, with bronchoscope between the stent and the tracheal wall. Bronchoscopic hook scissors dissect the stent from the tracheal wall. c) SEUMS removed in one piece at the end of the procedure. d) Tracheal wall after the removal.

  placements between 2005 and 2017 in different centers. Indications for stent ), postintubation airway stenosis (1 case) and post tuberculosis stenosis (1 case). Nine SEUMS were removed by rigid bronchoscopy between May 2017 and May 2022. The mean age was 59 years (range 45 to 81 years). The median physical status score (ASA) was 4. The mean duration of stenting was 7 years (5-12 years). Two patients had bilateral bronchial SEUMS and underwent stent removal in separate procedures for each side. Each procedure was analyzed separately.

Table 3 : Comparison of the two SEUMS removal techniques Piecemeal technique Dissection technique

 3 

	Operating time (hours)	4,7	4,8
	Peroperative complications (n)	2	1
	Mean postoperative intubation	9,5	2,5
	period (days)		
	Two patients required new silicone stent placement after the SEUMS removal due to
	threatening tracheobronchomalacia. Four patients needed additional procedures after
	stent removal to treat residual tracheobronchomalacia. In these patients, we performed
	Holmium laser tracheobronchoplasty (Sphinx junior, LISA laser products GmbH
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Endoscopic removal of uncovered metallic airway stents

Mathilde Rausch, MD [START_REF] Dalar | Bronchoscopic Treatment in the Management of Benign Tracheal Stenosis: Choices for Simple and Complex Tracheal Stenosis[END_REF][START_REF] Brichet | Sténoses et complications trachéales postintubation1Post-intubation tracheal stenosis and ruptures[END_REF] , Amandine Briault, MD-Msc 2-3 , Marie-Pierre Aboussouan, MD [START_REF] Ducic | Use of endoscopically placed expandable nitinol tracheal stents in the treatment of tracheal stenosis[END_REF] , Jean-Eric Berger, MD [START_REF] Ducic | Use of endoscopically placed expandable nitinol tracheal stents in the treatment of tracheal stenosis[END_REF] , Ihab Atallah, MD-PhD 1-2 Results: Nine SEUMS were removed from 7 patients. The mean duration of stenting was 7 years (5-12 years). Indications for stent removal included mostly recurrent pulmonary infections, obstructive granulation tissue and stents' fractures. We used the usual described technique in the literature known as the "piecemeal fashion" without dissection in 4 SEUMS removals and our new dissection technique in 5 procedures. We reported one major intraoperative complication using the former technique in the form of tracheal tear with mediastinal breach, while we did not experience any major complications with the later one.

One patient died 8 days after surgery from respiratory failure.

Interpretation: Although considered permanent, SEUMS can be removed by rigid bronchoscopy after long-term stenting. This is a very risky procedure and must be performed by a trained operator. Patients should be aware of possible severe complications.

Key words: self-expandable metallic stents; uncovered metallic stents; airway stent removal, rigid bronchoscopy; dissection Abbreviations: SEUMS: Self-Expandable Uncovered Metallic Stent, FDA: Food and Drug Administration, ASA: American Society of Anesthesiologists

MATERIAL AND METHODS

Patients

We retrospectively reviewed data of patients who underwent SEUMS removal by rigid bronchoscopy between May 2017 and May 2022. We collected information about patient demographics, medical comorbidities, indication for stent placement, type and position of stent, indication for removal, characteristics and complications of the procedures, additional stent insertion or surgery. In addition, we collected the performance status of patients that was measured using the American Society of Anesthesiologists (ASA) physical status classification [START_REF] Owens | ASA physical status classifications: a study of consistency of ratings[END_REF] . All patients underwent chest CT scan and flexible bronchoscopy under local anesthesia before stent removal to evaluate airway patency, position of the stent and the amount of granulation tissue.

Informed consent for data collection in medical records was obtained. All procedures performed in the study were in accordance with the ethical standards of our institution and with the 1964 Helsinki declaration and its later amendments.