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Endovascular devices have evolved considerably over the past decades [START_REF] Parodi | Transfemoral intraluminal graft implantation for abdominal aortic aneurysms[END_REF], resulting in their application in increasingly challenging anatomies, especially with the development of fenestrated endovascular aneurysm repair (F-EVAR) [START_REF] Amiot | Fenestrated endovascular grafting: the French multicentre experience[END_REF], parallel stent grafting with the Chimney technique [START_REF] Greenberg | Should patients with challenging anatomy be offered endovascular aneurysm repair?[END_REF], and directional branches (B-EVAR) (4). In addition, Iliac branch devices (IBD) have become a widespread option to preserve antegrade flow in the internal iliac artery [START_REF] De Marino | Use of Bilateral Cook Zenith Iliac Branch Devices to Preserve Internal Iliac Artery Flow During Endovascular Aneurysm Repair[END_REF][START_REF] Coppi | Endovascular Preservation of Full Pelvic Circulation with External Iliac-tointernal Iliac Artery "Cross-stenting" in Patients with Aorto-iliac Aneurysms[END_REF]. In these complex repairs, the difficulty lies in the incorporation of visceral vessels, and the key to long-term success resides in maintaining branch patency along with aneurysm exclusion. These can be affected by numerous factors, including the implantation angles of the visceral vessels onto the aorta, their diameters, the length, and curvature of the branch component, as well as the stent graft utilized for bridging [START_REF] Sylvan | Impact of alterations in target vessel curvature on branch durability after endovascular repair of thoracoabdominal aortic aneurysms[END_REF][START_REF] Conway | Renal Artery Implantation Angles in Thoracoabdominal Aneurysms and Their Implications in the Era of Branched Endografts[END_REF][START_REF] Premprabha | Visceral branch occlusion following aneurysm repair using multibranched thoracoabdominal stent-grafts[END_REF][START_REF] Park | Variation in the shape and length of the branches of a thoracoabdominal aortic stent graft: Implications for the role of standard off-the-shelf components[END_REF]. The latter is the only extrinsic variable and the development of purpose-built devices handling the tortuosity and extrinsic compressions occurring in these complex repairs could help overcome those issues. However, no stent was created specifically for this indication and the stent conferring the best biomechanical properties, depending on each specific anatomy, remains to be defined.

The Covera® (C.R. Bard Peripheral Vascular Inc., Murray Hill, NJ, USA) selfexpanding covered stent was introduced on the European market in February 2016. It is an expanded dual layer polytetrafluoroethylene (ePTFE)-coated and carbon-impregnated graft designed using the Lifestent® nitinol platform. It was officially intended to be used in the treatment of stenosis at the venous anastomosis of ePTFE or other synthetic arteriovenous access grafts. However, it has also been reported as a possible alternative for chimney grafts in one emergency case report [START_REF] Massmann | Endovascular aortic repair with the chimney technique using the ultra low-profile Ovation stent-graft for juxtarenal aneurysms having small iliac access vessels[END_REF].

The present study intends to characterize the short-term results of this selfexpanding covered stent as a chimney graft or as a bridging stent for F/B-EVAR in patients with complex aortic aneurysms.

Materials and Methods

Study design

This study was a nonrandomized, monocentric single-arm evaluation study, including all consecutive patients who underwent the treatment of complex aneurysms with the use of this self-expanding covered stent, from August 2017 to November 2018. Since it was a retrospective review of anonymous data, the Patient Protection Committee Review (Institutional Review Board) was not necessary. The study complied with the principles of the Declaration of Helsinki. B-EVAR was considered as a first-line strategy for thoracoabdominal aneurysms, while F-EVAR was considered as a first-line strategy for para or juxta-renal aneurysms when patients were anatomically eligible and could wait for the manufacturing delays of 3 to 8 weeks. Chimney EVAR, a combination of Chimneys and F-EVAR [START_REF] Caradu | Combination of Chimneys and Fenestrated Endografts in the Treatment of Complex Aortic Aneurysms[END_REF] were considered when patients presented with anatomical contraindications to F/B-EVAR or life-threatening aneurysms (ruptured, symptomatic, rapidly expanding or diameter ≥70 mm). IBDs were considered when the dilation of the common iliac artery (CIA) precluded an appropriate distal landing zone with a conventional stent graft.

Study population

During the study period, this self-expanding covered stent was used in 17 patients, during EVAR with hypogastric preservation (11.8%, Figure 1), B-EVAR (29.4%, including one case of F/B-EVAR, reported in Figure 2), F-EVAR (17.6%), a combination of chimneys and F-EVAR (11.8%) or chimney EVAR (29.4%, Figure 3). Demographic characteristics and comorbidities are shown in Table 1.

Eight patients presented with a history of prior aortic surgery (47.1%), 3 of them underwent thoracic aortic repair (2 endovascularly and 1 by open surgery, the latter required infrarenal EVAR in the aftermath) and 5 underwent infrarenal aortic repair (4 endovascularly and 1 by open surgery)).

The indication for treatment was an aneurysm of the descending thoracic aorta (n=1), a Type I (n=2), Type II (n=3), Type III (n=1) and Type IV (n=2) thoracoabdominal aortic aneurysm, a para-renal aortic aneurysm (n=5, including one aneurysmal degeneration of a type B aortic dissection), a juxta-renal aortic aneurysm (n=1) and a CIA aneurysm (n=2).

Pre-procedural Imaging

All patients underwent, a preoperative high-resolution computed tomography (CT) angiography of the entire aorta and iliofemoral vessels to determine the size of the stent grafts. The images were analysed by the senior surgeon using a dedicated imaging workstation (DxWin; Medasys Inc, Clamart, France).

Procedural Details

All procedures were performed in an operating room under general anaesthesia and systemic heparinization (0.5 mg/kg). Hypogastric artery salvage was performed with the Zenith® Branch Iliac Endovascular Graft (Cook Medical, Bloomington, IN, US) at the beginning of the procedure if indicated. IBDs were implanted via contralateral femoral access and deployed partially. The preloaded guidewire was then snared from a contralateral approach. Over this through-and-through wire, a 12 F sheath (Cook Inc.) was introduced into the main body and iliac branch of the IBD device. The preloaded wire was removed and the hypogastric artery was catheterised. The guidewire was exchanged for a Rosen ® wire and a bridging covered stent was deployed (Covera or Fluency, Bard Inc.).

Target vessels revascularized by chimneys were accessed before aortic endograft positioning, from one or both brachial arteries, as previously described [START_REF] Caradu | Combination of Chimneys and Fenestrated Endografts in the Treatment of Complex Aortic Aneurysms[END_REF][START_REF] Caradu | Monocentric evaluation of chimney versus fenestrated endovascular aortic repair for juxta-renal abdominal aortic aneurysm[END_REF]. Long sheaths were positioned in the proximal abdominal aorta. Target vessels were cannulated using a hydrophilic guidewire with guiding catheters and the guidewire was exchanged for a Rosen ® wire (Cook Inc.). The stents were placed into the target vessel and the aortic graft was introduced from femoral access and partially deployed, while the proximal stent was kept closed. Then, chimneys were deployed, whereupon, fenestrations and branches were targeted through a femoral and a brachial approach, respectively. Access through the left brachial artery was performed in 8 cases (47.1%) and through both brachial arteries in 4 (23.5%). The aortic devices were Cook® devices (Cook Inc.) in 14 cases (2 Z Bis IBDs, 3 thoracic devices, 5 branched devices and 4 fenestrated devices), a Medtronic® device (Medtronic, Minneapolis, MN, USA) in 2 cases (1 proximal cuff extension, 1 aorto-bi-iliac (ABI) device with chimneys) and an Endologix® ABI device (AFX2, Endologix, Inc., Irvine, CA) with chimneys in 1 case. The mean diameter of the aortic neck was 31.8±5.7mm and the mean diameter of the aortic graft was 35.4±5.3mm, resulting in a mean oversizing of 15.7±8.6%.

Open chimneys (Absolute, Abbott Vascular, Redwood City, CA, USA) were chosen in case of discrepant renal arteries or instead of a scallop for the superior mesenteric artery (SMA) or celiac trunk, as previously described [START_REF] Ducasse | Midterm Results with the Open Chimney Technique during Endovascular Aneurysm Repair[END_REF]. Chimneys and branches were always reinforced by a bare self-expanding stent. The aortic graft was entirely deployed and dilated using a compliant balloon catheter. For chimneys, a kissing balloon technique was not enforced since only self-expanding stents were used. For F-EVAR, balloon-expandable stents were used in a majority of cases (Advanta V12, Atrium Medical, Hudson, NH, USA or Begraft, Bentley Innomed, Hechingen, Germany), and were always flared in the aortic graft; however, no additional flaring was provided for self-expanding covered stents, nor reinforcement by a second selfexpanding stent. The rest of the procedure for distal implantation was similar to standard EVAR.

The mean duration of the procedure was 3h04min±1h10min, with a mean duration of fluoroscopy of 74.8min±40.8min, a Kerma area product of 14.5±10.3 cGy/cm 2 and a contrast volume of 95.1±34.9mL.

A subcutaneous adjusted-dose of unfractionated heparin was administered to match a plasma heparin level, as expressed by anti-Xa activity, of 0.4 to 0.8 UI/mL for 48 hours, then patients were treated with dual antiplatelet therapy and statins for 3 months, followed by single antiplatelet therapy in the long term if not otherwise indicated.

Outcome Measures

Definitions complied with the reporting standards [START_REF] Chaikof | Reporting standards for endovascular aortic aneurysm repair[END_REF]. An endoleak was defined by the persistence of blood flow outside the lumen of the endoluminal graft but within the aneurysm sac, as determined by the final angiogram or any of the follow-up CT scans. Additionally, type Ia endoleaks were further characterized, according to the definition provided by Ullery et al., into "long" and "short" gutter endoleaks [START_REF] Ullery | Natural history of gutter-related type Ia endoleaks after snorkel/chimney endovascular aneurysm repair[END_REF].

The primary objective of this study was to assess the safety and efficacy of a selfexpanding covered stent in these indications. The safety was assessed by the evaluation of 30-day morbidity and all-cause and aneurysm-related mortality. The efficacy was assessed by the technical success, defined as successful implantation of the endograft and successful reconstruction of the target vessels with preservation of antegrade flow and aneurysm exclusion (no type I or III endoleak on the completion angiogram). In addition, during the follow-up period, the efficacy was also assessed by the clinical success, defined by the absence of aneurysm-related death, type I or III endoleak, graft infection or thrombosis, aneurysm expansion (diameter ≥5mm), aneurysm rupture, or conversion to open repair and preserved patency of the target vessels.

Statistical analysis

Demographics and anatomic characteristics, details of the procedure, inhospital stay, and clinical and angio-CT follow-up data were collected. Continuous data were presented as the mean±standard deviation in normally distributed variables and median (range) if non-normally distributed. Qualitative variables were presented as total number and percentage. Patient survival, target vessel patency, and reintervention during follow up were subjected to Kaplan-Meier life table analysis. Data processing and analysis were performed using GraphPad Prism software (v7.0; GraphPad Inc, San Diego, CA, USA).

Results

Peri-operative events

Over 17 included patients, 51 arteries were included in the repair and 48 required stentings (one scallop and two large fenestrations left unstented), resulting in a mean number of stented arteries per patient of 2.8±1.1. Twentyfive arteries were preserved using the Covera ® self-expanding covered stent. The target arteries and the reconstruction techniques are recapitulated in Table 2. All the self-expanding covered stents were successfully deployed and all the target vessels were successfully preserved, no open conversion was required.

Initially, 2 patients presented with "short" gutter endoleaks, one with a "long" gutter endoleak, one with a type 1 endoleak, 6 with a type 2 endoleak and one with a type 3 endoleak. Hence, intraoperative aneurysm exclusion was successful in 14 patients (82.4%) resulting in an overall perioperative technical success of 82.4%.

Post-operative events

The patients were admitted to the intensive care unit for 0 to 98 days and stayed in the hospital during a median of 6 days (range: 1;113).

There was no 30-day mortality. According to the reporting standards [START_REF] Chaikof | Reporting standards for endovascular aortic aneurysm repair[END_REF], there were 4 moderate complications ((1) Left monoparesis after the implantation of 3 thoracic and one fenestrated device with almost complete recovery under medullary drainage, (2) immediate postoperative aphasia after bilateral brachial approaches for the implantation of 3 chimneys with complete recovery, (3) a right circumferential dural hematoma secondary to post-fall cranial trauma under dual antiplatelet therapy with complete recovery, (4) cardiogenic pulmonary acute oedema). One patient developed multiple severe complications resulting in the only in-hospital and aneurysm-related death. He had a 100mm diameter type 2 thoracoabdominal aneurysm and history of Tyron-David procedure and endovascular thoracic repair with a balloonexpandable covered chimney for the left subclavian artery. He was treated with 2 additional thoracic devices and a branched device with self-expanding covered stents in the SMA, coeliac trunk and left renal artery, and a balloonexpandable covered stent in the right renal artery. In the early post-operative period, he presented with spinal cord ischemia despite medullary drainage. This event was followed by occlusion of the right renal artery secondary to a dissection with the need for temporary hemofiltration; after which, the patient presented with several cardiorespiratory arrests secondary to an extrinsic compression phenomenon of the heart cavities by the aortic aneurysm. He was treated by percutaneous Mitral valve repair with MitraClips, transcatheter aortic valve replacement (TAVI) and the implantation of a pacemaker. He had just been released to a tertiary centre for further management after stabilization in the intensive care unit for 98 days when he experienced a final non-recovered cardiac arrest.

Follow-up

The mean duration of follow-up was 10±5 months, during which one additional death was reported (cancer). Overall, the actuarial estimated survival rate was 93.8% at 6 months and 85.9% at 12 months (Supplementary Figure 1). All the remaining target vessels stayed patent during follow-up. The 5 patients, who presented with preoperative chronic kidney disease (CKD) stage 1, remained in the same stage during follow-up [START_REF]Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease[END_REF].

Two secondary procedures were required to correct an endoleak; (1) the "long" gutter endoleak was treated by coil embolization and (2) the type 3 endoleak, which occurred in a fenestrated device, was treated by additional stenting of the SMA and a new inflation of the renal stents (all balloonexpandable stents). One patient exhibited a persistent "short" gutter endoleak and remains under surveillance with the stability of his sac at 49mm at 2 months follow-up. Aneurysm sac regression >5mm was observed in 4 cases (23.5%) and the aneurysm sac remained stable in the rest of the patients (13 cases, 76.5%). At 12 months, the primary clinical success rate was 76.5% and the assisted primary clinical success rate was 82.4% [START_REF] Chaikof | Reporting standards for endovascular aortic aneurysm repair[END_REF].

Discussion

This single centre study reports the largest experience with the recently available Covera® self-expanding covered stent in chimneys, branches or fenestrations for the reconstruction of target vessels in complex aortic aneurysms. Until then, only one case report described the use of this new stent graft as a chimney graft for accessory renal artery salvage in a 76-year-old patient with symptomatic abdominal aortic aneurysm and a single kidney [START_REF] Massmann | Endovascular aortic repair with the chimney technique using the ultra low-profile Ovation stent-graft for juxtarenal aneurysms having small iliac access vessels[END_REF]. It was associated with the Altura® (Lombard Medical, Oxfordshire, United Kingdom) endograft and the vessel remained patent, with successful aneurysm exclusion at 6 months follow-up. This stent graft was chosen for its newer delivery system, which provides minimal foreshortening during deployment. This may lead to potentially greater accuracy when releasing the stent. As such, no unplanned additional stent was required. The devices crossed steep angulations without difficulty and no stent loss or disconnection from the delivery system were observed, yielding technical successes comparable to F/B-EVAR reported results of 95-99%. [START_REF] Eagleton | Fenestrated and branched endovascular aneurysm repair outcomes for type II and III thoracoabdominal aortic aneurysms[END_REF][START_REF] Verhoeven | Fenestrated stent grafting for short-necked and juxtarenal abdominal aortic aneurysm: an 8-year single-centre experience[END_REF][START_REF]British Society for Endovascular Therapy and the Global Collaborators on Advanced Stent-Graft Techniques for Aneurysm Repair (GLOBALSTAR) Registry. Early results of fenestrated endovascular repair of juxtarenal aortic aneurysms in the United Kingdom[END_REF][START_REF] Verhoeven | Editor's Choice -Ten-year Experience with Endovascular Repair of Thoracoabdominal Aortic Aneurysms: Results from 166 Consecutive Patients[END_REF] Nonetheless, longerterm follow-up and larger series are awaited to determine if self-expanding covered stents can really sustain the mechanical stress to which they will be submitted in these complex repairs [START_REF] Ullery | Dynamic Geometric Analysis of the Renal Arteries and Aorta following Complex Endovascular Aneurysm Repair[END_REF].

Moreover, this triaxial delivery system entails larger delivery catheters (8/9French) compared to covered balloon-expandable stents (6/7French), and one neurological event was correlated to the use of a bilateral brachial approach and the navigation through the aortic arch. Hence, the use of larger sheaths will have to be studied furthermore, in order to determine if there is an over-risk of neurological events in this setting [START_REF] Katsargyris | Comparison of outcomes with open, fenestrated, and chimney graft repair of juxtarenal aneurysms: are we ready for a paradigm shift?[END_REF].

The stent itself shows high flexibility and kink resistance compared to balloonexpandable stents, in connection with its nitinol structure. It helps it align into acute angulations and tortuous vessel segments exposed to complex biomechanical forces. Hence, during this series' short follow-up period of 10 months, all the target vessels preserved using a self-expanding covered stent remained patent. In addition, no type 3 endoleak was related to a disruption of the reconstruction with the selfexpanding covered stent and only one "short" gutter endoleak persists, without any increase in aneurysm size, and a high probability of spontaneous disappearance over time [START_REF] Ullery | Natural history of gutter-related type Ia endoleaks after snorkel/chimney endovascular aneurysm repair[END_REF]. At last, no secondary procedure was necessary over the vessels preserved with a self-expanding covered stent. However, midterm branch patency in F/B-EVAR have recently been reported in large series and range from 93% to 98% at 3 to 5 years [START_REF] Eagleton | Fenestrated and branched endovascular aneurysm repair outcomes for type II and III thoracoabdominal aortic aneurysms[END_REF][START_REF] Verhoeven | Fenestrated stent grafting for short-necked and juxtarenal abdominal aortic aneurysm: an 8-year single-centre experience[END_REF][START_REF]British Society for Endovascular Therapy and the Global Collaborators on Advanced Stent-Graft Techniques for Aneurysm Repair (GLOBALSTAR) Registry. Early results of fenestrated endovascular repair of juxtarenal aortic aneurysms in the United Kingdom[END_REF][START_REF] Verhoeven | Editor's Choice -Ten-year Experience with Endovascular Repair of Thoracoabdominal Aortic Aneurysms: Results from 166 Consecutive Patients[END_REF], with 5-year freedom from branch reintervention of 89% [START_REF] Mastracci | Durability of branches in branched and fenestrated endografts[END_REF], divided equally between restenosis/occlusion and endoleak development. Moreover, the PERICLES registry reported the largest collected world experience of snorkel/chimney EVAR (898 chimney grafts in 517 patients) [START_REF] Donas | Collected world experience about the performance of the snorkel/chimney endovascular technique in the treatment of complex aortic pathologies: the PERICLES registry[END_REF]. The authors noted a persistent type Ia endoleak rate of only 0.4% during a mean follow-up of 17.1 months with the use of a majority of balloon expandable stents (49.2% of covered stents and 11.2% of bare stents) [START_REF] Donas | Collected world experience about the performance of the snorkel/chimney endovascular technique in the treatment of complex aortic pathologies: the PERICLES registry[END_REF]. In addition, a prospective cohort of 128 patients (187 chimney grafts) attempted to standardize the chimney technique using the Endurant stent graft (Medtronic Inc.) combined with the balloon-expandable Advanta V12 covered stent (Atrium Inc.) [START_REF] Donas | The PROTAGORAS study to evaluate the performance of the Endurant stent graft for patients with pararenal pathologic processes treated by the chimney/snorkel endovascular technique[END_REF]. Results included a 100% technical success and a 30-day mortality rate of 0.8%. During a mean follow-up of 24.6 months, midterm mortality reached 17.2%, with a 1.6% rate of type Ia endoleak and 93.1% freedom from chimney graft-related reinterventions.

Hence, longer-term follow-up is definitely required to see if the results of this series are maintained over time and head-to-head comparison with other devices implanted in the same configurations would be of interest to try to determine if one is superior to the other in some specific indications. Indeed, in the subanalysis of the PERICLES registry, a 1.8-fold increase of chimney occlusion was reported in patients treated with stainless steel devices and balloon-expandable covered stents relative to other chimney stents (HR, 4.0; 95% CI, 0.85-18.84; P = .08) [START_REF] Scali | Identification of optimal device combinations for the chimney endovascular aneurysm repair technique within the PERICLES registry[END_REF]. Furthermore, future studies are required to confirm the rates of type I endoleak with this new stent-graft and determine the volume of the gutters associated with it.

There are several limitations to this study, namely, the retrospective nature, the single-centre experience, the lack of a control group, and the short-term follow-up period. However, it provides an insight into future possibilities offered by this new stent-graft and a springboard for future studies.

In conclusion, this new self-expanding covered stent provides good short-term patency in chimneys, branches or fenestrations. Its ease of delivery, deployment accuracy, especially in challenging anatomies, as well as its flexibility with limited kinking and crush resistance against the main stent graft represent an asset in these indications. However, larger series with long-term 
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 1 Figure 1. (A) Preoperative computed tomography angiogram of an 83-year-old male patient showing a 28mm common iliac artery aneurysm treated using (B)(C) an iliac branched device with a self-expanding covered stent for the reconstruction of the internal iliac artery, (D) Three D reconstruction confirms the positioning of the devices and the preserved patency of the target artery.

Figure 2 .

 2 Figure2. Images from a 73-year-old male patient showing an 80mm type 4 thoracoabdominal aneurysm treated using (A) two branches for the celiac trunk and the superior mesenteric artery, constructed with a self-expanding covered stent, and two fenestrations for the renal arteries, constructed with a covered balloon-expandable stent graft. (B) The contrast-enhanced CT scan shows the conformation of the branches, for the coeliac trunk and superior mesenteric artery, with a self-expanding covered stent. (C) Three D reconstruction confirms the positioning of the devices and the preserved patency of the target arteries.

Figure 3 .

 3 Figure 3. (A) Preoperative computed tomography angiogram of an 84-year-old male patient showing a 60mm type 3 thoracoabdominal aneurysm treated using (B) a sandwich technique, with covered chimneys constructed with a self-expanding covered stent for the coeliac trunk, the superior mesenteric artery, and both renal arteries. (C) The contrast-enhanced CT scan shows the positioning of the four self-expanding covered stents positioned between the two thoracic devices. (D) Three D reconstruction confirms the positioning of the devices and the preserved patency of the target arteries.

Table I .

 I Demographic characteristics

	Variables	EVAR
		N = 17
	Male	15 (88.2)
	Age, years	72.6 ± 7.6
	Cardiopathy	10 (58.8)
	Hypertension	16 (94.1)
	Dyslipidemia	6 (35.3)
	Diabetes	8 (47.1)
	BMI > 25	6 (35.3)
	Cerebrovascular disease	0 (0.0)
	Chronic kidney disease	5 (29.4)
	Hemodialysis	0 (0.0)
	Prior aortic surgery	8 (41.1)
	Hostile abdomen	3 (17.6)
	Smoking history	12 (70.6)
	Pulmonary dysfunction	4 (23.5)
	ASA classification ≥ 3	11 (64.7)
	Aortic Aneurysm diameter, mm	66.8 ± 14.9
	Iliac Aneurysm diameter, mm	28.0 ± 0.0
	Emergency	1 (6.3)

BMI, body mass index, ASA, american society of anesthesiologists. Continuous data are shown as mean ± standard deviation and categoric data as number (%).

follow-up are required in order to determine if it can really sustain the mechanical stress to which it will be submitted in these complex repairs. 
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