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Introduction

Endovascular aneurysm repair (EVAR) has become a well-established alternative to open repair [START_REF] Donas | New EVAR devices: pros and cons[END_REF]. However, some patients may develop endoleaks, representing one of the most frequent complications following EVAR [START_REF] Mehta | Long-term outcomes of secondary procedures after endovascular aneurysm repair[END_REF][START_REF] Sampaio | Proximal type I endoleak after endovascular abdominal aortic aneurysm repair: predictive factors[END_REF][START_REF] Antoniou | Late Rupture of Abdominal Aortic Aneurysm After Previous Endovascular Repair: A Systematic Review and Meta-analysis[END_REF]. Even though endoleaks can resolve without intervention, some can lead to sac aneurysm increase and cause aneurysm rupture [START_REF] Chaikof | The Society for Vascular Surgery practice guidelines on the care of patients with an abdominal aortic aneurysm[END_REF]. Type I and type III endoleaks usually require a re-intervention using endovascular procedures or open surgery to treat it. Several endovascular approaches have been described and their technical success depends on the clinical and anatomical characteristics of the patient as well as the experience of the centre and the training of the operators [START_REF] Bendermacher | EVAR reintervention management strategies in contemporary practice[END_REF][START_REF] Ghouri | Endoluminal abdominal aortic aneurysm repair: the latest advances in prevention of distal endograft migration and type 1 endoleak[END_REF]. Nellix (Endologix, Irvine, California) endovascular aneurysm sealing (EVAS) is a recent endovascular approach which has demonstrated encouraging results in the treatment of abdominal aortic aneurysm (AAA) [START_REF] Fisher | Patient selection for endovascular sac sealing of abdominal aortic aneurysm[END_REF][START_REF] Thompson | Endovascular Aneurysm Sealing: Early and Midterm Results From the EVAS FORWARD Global Registry[END_REF][START_REF] Bruin | The Endovascular Sealing Device in Combination with Parallel Grafts for Treatment of Juxta/Suprarenal Abdominal Aortic Aneurysms: Short-term Results of a Novel Alternative[END_REF][START_REF] Reijnen | Global Experience With the Nellix Endosystem for Ruptured and Symptomatic Abdominal Aortic Aneurysms[END_REF][START_REF] Gossetti | Preliminary results of endovascular aneurysm sealing from the multicenter Italian Research on Nellix Endoprosthesis (IRENE) study[END_REF]. The Nellix system comprises two balloon-expandable endoframes each surrounded by a polymer-filled endobag, allowing to fill the lumen of the AAA by the polymer. Its use in the management of complications following prior endovascular aneurysm repair (EVAR) has been so far scarcely investigated. A few studies described the treatment of type I or type III endoleaks as well as ruptured AAA following EVAR using the EVAS system [START_REF] Joseph | A Technique of "Chimney Nellix" for the Management of Type 1a Endoleak After EVAR[END_REF][START_REF] Bockler | Use of the Nellix EVAS system to treat post-EVAR complications and to treat challenging infrarenal necks[END_REF][START_REF] Van Den Ham | Treatment of Type IIIb Endoleaks After EVAR Using the Nellix EndoVascular Aneurysm Sealing System[END_REF][START_REF] Torella | ChEVAS: Combining Suprarenal EVAS with Chimney Technique[END_REF][START_REF] Hughes | Management of a type Ia endoleak with the Nellix endovascular aneurysm sealing system[END_REF][START_REF] Quintas | Three-vessel Chimney Technique Combined with Endovascular Aortic Sealing Device for the Treatment of a Type Ia Endoleak[END_REF][START_REF] Martinelli | An Alternative Approach for Treating a Type Ia Endoleak after Conventional EVAR Using the Nellix Endovascular Aneurysm Sealing[END_REF]. However, the cohorts used were small and the majority of patients who had prior EVAR had a bifurcated endograft. Only a few studies reported patients who previously had fenestrated endografts [START_REF] Joseph | A Technique of "Chimney Nellix" for the Management of Type 1a Endoleak After EVAR[END_REF][START_REF] Youssef | Endovascular Aneurysm Sealing (EVAS) and Chimney EVAS in the Treatment of Failed Endovascular Aneurysm Repairs[END_REF] and none of them involved patients with prior chimney-EVAR. In this context, the aim of this study was to investigate the feasibility of EVAS and chimney-EVAS in the treatment of type Ia and type III endoleaks in patients who had prior EVAR or chimney-EVAR.

Material and methods

Patients

Ten consecutive patients who underwent EVAS procedure following EVAR between July 2015 and October 2017 were retrospectively included (Table 1). This study was conducted in conformity with the Declaration of Helsinki. The study protocol was approved by our institutional local ethics committee and all enrolled patients gave informed written consent for the procedure. The median age at the time of EVAS was 76 years (71.3 -87.3) and the proportion of men was 8 /10. Manuscript and electronic medical records from the computer software program (Emed®, Bellerive sur Allier, France) were used to collect the clinical characteristics of patients. EVAR was performed in our center. The indication of EVAR was evaluated by a pluridisciplinary team composed of vascular surgeon and anesthetist based on clinical and anatomical characteristics of patients, according to current guidelines [START_REF] Chaikof | The Society for Vascular Surgery practice guidelines on the care of patients with an abdominal aortic aneurysm[END_REF][START_REF] Moll | Management of abdominal aortic aneurysms clinical practice guidelines of the European society for vascular surgery[END_REF].

Imaging data were retrieved from the picture archiving and communication system (PACS).

Aortic aneurysm diameters were measured on the CT-scan imaging using automatic threedimensional sizing software (Endosize®, Therenva, Rennes, France). The sizing was performed independently by a vascular surgeon and a technician of radiology. Several types of endografts were available: Anaconda (Vascutek, Inchinnan, United Kingdom), AFX (Endologix Inc, Irvine, California), Zenith (Cook Inc, Bloomington, Indiana), Endurant and Talent (both Medtronic, Santa Rosa, California). Type I and type III endoleaks were defined according to current guidelines [START_REF] Chaikof | The Society for Vascular Surgery practice guidelines on the care of patients with an abdominal aortic aneurysm[END_REF]. EVAS procedure was proposed to patients who developed type Ia or type III endoleaks following EVAR and the indications were evaluated by a vascular surgeon based on clinical, anatomic and imaging characteristics.

Surgical procedure for EVAS

EVAS was performed under general anaesthesia according to the technique previously described [START_REF] Brownrigg | Endovascular aneurysm sealing for infrarenal abdominal aortic aneurysms: 30-day outcomes of 105 patients in a single centre[END_REF]. Access was achieved via bilateral percutaneous common femoral artery punctures. Chimney-EVAS was performed in patients where a suprarenal seal was necessary and more conventional treatments difficult or contra-indicated. For the chimney-EVAS, the left axillary artery was exposed via open cut down. Renal and visceral arteries were cannulated and long 7-F sheaths were placed. Covered balloon expandable stents (Bentley InnoMed, Hechingen, Germany or Advanta V12 Atrium Maquet Getinge Group, Mijdrecht, Netherlands) were placed into each of the target vessels. The Nellix stent-graft was introduced via the common femoral artery and was positioned infrarenal into the iliac limbs.

Sequentially, the covered balloon expandable stents were inflated; then the Nellix stents.

Normal saline was used as a "pre-fill" to inflate the endobags. They were then inflated with an aqueous polyethylene glycol-based polymer. All stent grafts were maintained inflated until the polymer cured. Angiography was systematically performed at the end of the procedure to assess the patency of the Nellix stent-grafts, chimney stents and identify the presence of dissections and endoleaks. Arterial closure was performed using Prostar® XL Percutaneous Vascular Surgical System or Proglide® System (Abbott Vascular).

Study endpoints

Technical success was defined as a successful sealing of the endoleak by the Nellix endograft associated with Nellix and visceral stents patency on intraoperative completion angiography.

After EVAS, patients were regularly followed at 7 days, 1, 6 and 12 months. The outcomes following EVAS were collected including the post-operative mortality, the occurrence of endoleaks or the need of re-intervention. Re-intervention was defined as any secondary procedure performed to maintain aneurysm exclusion or visceral perfusion.

Statistical analysis

Categorical data were expressed as ratio (number of patients reported to the total population) and continuous variables were expressed as the median (interquartile range). Statistical analyses were performed using GraphPad Prism® software (version 7.00, La Jolla California USA).

Results

Ten patients with prior EVAR underwent an EVAS procedure to treat endoleaks (Table 1).

The maximum AAA diameter at the initial EVAR was 67.5 mm (50 -71.3). During the initial EVAR procedure, a chimney endograft was implanted for 3 patients; all of them had a 3vessel chimney endograft. The procedural characteristics of the EVAR procedure are detailed in Table 2. Among the 7 patients who had a standard-EVAR procedure, 4 patients developed a type Ia endoleak and 3 a type III endoleak (2 were due to a modular disconnection and 1 to fabric tear in the body stent graft). Among the 3 patients who had a chimney-EVAR, 1 developed a type Ia endoleak and 2 a type III endoleak (1 was due to a modular disconnection and 1 to fabric tear in the body stent graft).

The median time between EVAR and EVAS procedure was 41.5 months (29 -81.8). At the time of EVAS procedure, the maximum AAA diameter was 76 mm (64 -92.3). Eight patients had an elective procedure to treat a type I or a type III endoleak, regardless of aneurysm sac growth. Two patient were treated in emergency. These 2 patients were admitted for an acute back pain. For the first one, CT-scan revealed a type III endoleak without rupture which was immediately treated using EVAS. The second one was treated for a type II endoleak associated with a peri-aortic effusion. Additional chimney endografts were placed during EVAS procedure in 4 patients; 2 had a 2-vesssel chimney graft and 2 had a 3-vessel graft. The median procedural time was 222.5 minutes (138.8 -418.8). The median polymer fill volume was 51.5 mL (32 -57.5). The technical success was achieved for all patients. Representative images of EVAS procedure to treat type III endoleak following chimney EVAR are shown in Figure 1.

The median length of stay after EVAS was 7 days (6.8 -14) and the median length of stay in intensive care unit was 1 day (1 -2).

The median follow-up period was 13.5 months (6.3 -25.5). During the follow-up, 2 patients died at respectively 19 days and 178 days following EVAS. The cause of death was an intracerebral haemorrhage secondary to a trauma for the first patient and the aetiology was unknown for the second one. No death related to AAA or vascular complications were reported. A re-intervention was required for 2 patients. The first patient developed a type II endoleak originating from the lumbar arteries diagnosed 5 months after EVAS (Figure 2A).

The second patient developed a type Ia endoleak. He was asymptomatic and the diagnosis was suspected on the CT-scan performed at 5 months after EVAS. The presence of contrast agent was observed in the aneurysmal sac without enlargement. An arteriography was then performed and confirmed the diagnosis (Figure 2B). Both complications were successfully treated using embolization procedure. No graft thrombosis, chimney graft occlusion or endobag protrusion were reported.

Discussion

The development of type I and type III endoleaks after EVAR is often associated with aneurysm sac enlargement and exposes to the risk of aneurysm rupture [START_REF] Chaikof | The Society for Vascular Surgery practice guidelines on the care of patients with an abdominal aortic aneurysm[END_REF]. They represent a frequent complication affecting up to 12% of patients following EVAR and most often require a re-intervention [START_REF] Antoniou | Late Rupture of Abdominal Aortic Aneurysm After Previous Endovascular Repair: A Systematic Review and Meta-analysis[END_REF][START_REF] Moll | Management of abdominal aortic aneurysms clinical practice guidelines of the European society for vascular surgery[END_REF]. The treatment can be complex due to the presence of the endograft and can be challenging especially in patients with difficult aneurysm morphology such as the presence of an unfavourable neck or aneurysm extended to visceral vessels. Cannulating visceral vessels can be challenging due to the presence of the previous graft. Endovascular repair options for type I endoleaks include the placement of a proximal cuff, ballon molding of the seal zone, embolization with coils or glue, or the use of endostaples [START_REF] Bendermacher | EVAR reintervention management strategies in contemporary practice[END_REF][START_REF] Bail | Vascular endostapling systems for vascular endografts (T)EVAR--systematic review--current state[END_REF][START_REF] Sheehan | Effectiveness of coiling in the treatment of endoleaks after endovascular repair[END_REF]. Other alternatives include the use of chimney or fenestrated endografts [START_REF] Donas | Use of parallel grafts to save failed prior endovascular aortic aneurysm repair and type Ia endoleaks[END_REF][START_REF] Martin | Late rescue of proximal endograft failure using fenestrated and branched devices[END_REF]. Type III endoleaks result from an incomplete seal between components or component separation and is also associated with an increased risk of rupture. The treatment requires bridging the gap with an appropriate graft using endovascular or open repair [START_REF] Chaikof | The Society for Vascular Surgery practice guidelines on the care of patients with an abdominal aortic aneurysm[END_REF][START_REF] Maleux | Incidence, etiology, and management of type III endoleak after endovascular aortic repair[END_REF]. Endovascular procedures include insertion of an aorto-uni-iliac endograft, insertion of an endograft limb extension or placement of a covered stent [START_REF] Maleux | Incidence, etiology, and management of type III endoleak after endovascular aortic repair[END_REF]. However, positioning and sizing the endograft can be difficult, especially if the endoleak is located near the flow divider [START_REF] Van Den Ham | Treatment of Type IIIb Endoleaks After EVAR Using the Nellix EndoVascular Aneurysm Sealing System[END_REF]. In addition, the insertion of an aorto-uni-iliac endograft can require a femoro-femoral bypass. There is currently no clear consensus regarding the choice of the endovascular technique to treat type I and type III endoleaks. The choice of the method depended on the patient's clinical and anatomic characteristics, the experience of the centre as well as the training of the operators, taking in consideration the advantages and limitations of each technique.

EVAS technique has emerged as a new endovascular approach and several studies have demonstrated its safety and efficacy in the treatment of AAA [START_REF] Thompson | Endovascular Aneurysm Sealing: Early and Midterm Results From the EVAS FORWARD Global Registry[END_REF][START_REF] Silingardi | Midterm Outcomes of the Nellix Endovascular Aneurysm Sealing System: A Dual-Center Experience[END_REF][START_REF] Krievins | EVAR using the Nellix Sac-anchoring endoprosthesis: treatment of favourable and adverse anatomy[END_REF][START_REF] Carpenter | Results of the Nellix system investigational device exemption pivotal trial for endovascular aneurysm sealing[END_REF][START_REF] Bockler | Multicenter Nellix EndoVascular Aneurysm Sealing system experience in aneurysm sac sealing[END_REF]. The technique has the advantage to conform to the anatomical and prosthetic structures and to achieve an efficient seal thanks to the polymer endobags. The technique uses off-the-shelf products, avoiding the requirement of custom-made material. In addition, the use of EVAS in combination with chimney grafts offers the benefit to fill the spaces between the parallel grafts by the endobags and thus limits the development of gutters [START_REF] Torella | ChEVAS: Combining Suprarenal EVAS with Chimney Technique[END_REF][START_REF] Malkawi | Treatment of a juxtarenal aneurysm with the Nellix endovascular aneurysm sealing system and chimney stent[END_REF][START_REF] Dijkstra | Endovascular aneurysm sealing for juxtarenal aneurysm using the Nellix device and chimney covered stents[END_REF]. Due to its advantages, EVAS technique represents an interesting alternative technique which could be useful in the treatment of disabled endoprothesis following EVAR even though it is currently outside the instructions for use. Besides, the procedure requires a low polymer volume to fill the endobag and self-expanding stent-graft are protected by the delivery system until the deployment.

This study reported a single-centre experience on the treatment of type Ia and type III endoleaks using EVAS and chimney-EVAS. Our results revealed an immediate technical success in all patients on the per-operative angiography and no death related to AAA or vascular complications, suggesting that this approach is safe. The median in-hospital length of stay was relatively long as two patients stayed 33 days and 20 days respectively to treat nonvascular medical complications. During the follow-up, two patients required a re-intervention to treat a type Ia and a type II endoleak. Only a few studies reporting the management of complications following EVAR using EVAS technique have been published so far [START_REF] Bruin | The Endovascular Sealing Device in Combination with Parallel Grafts for Treatment of Juxta/Suprarenal Abdominal Aortic Aneurysms: Short-term Results of a Novel Alternative[END_REF][START_REF] Joseph | A Technique of "Chimney Nellix" for the Management of Type 1a Endoleak After EVAR[END_REF][START_REF] Bockler | Use of the Nellix EVAS system to treat post-EVAR complications and to treat challenging infrarenal necks[END_REF][START_REF] Van Den Ham | Treatment of Type IIIb Endoleaks After EVAR Using the Nellix EndoVascular Aneurysm Sealing System[END_REF][START_REF] Torella | ChEVAS: Combining Suprarenal EVAS with Chimney Technique[END_REF][START_REF] Hughes | Management of a type Ia endoleak with the Nellix endovascular aneurysm sealing system[END_REF][START_REF] Quintas | Three-vessel Chimney Technique Combined with Endovascular Aortic Sealing Device for the Treatment of a Type Ia Endoleak[END_REF][START_REF] Martinelli | An Alternative Approach for Treating a Type Ia Endoleak after Conventional EVAR Using the Nellix Endovascular Aneurysm Sealing[END_REF][START_REF] Youssef | Endovascular Aneurysm Sealing (EVAS) and Chimney EVAS in the Treatment of Failed Endovascular Aneurysm Repairs[END_REF][START_REF] Paraskevas | Endovascular Aneurysm Sealing (EVAS) Alone or in Combination with Chimney Grafts (chEVAS) for Treating Complications of Previous Endovascular Aneurysm Repair (EVAR) Procedures[END_REF]. Among them, a study reported a serie of 15 consecutive patients with prior EVAR treated with EVAS. EVAS was performed to treat 10 patients with type Ia endoleaks and 5 patients with type III endoleaks [START_REF] Youssef | Endovascular Aneurysm Sealing (EVAS) and Chimney EVAS in the Treatment of Failed Endovascular Aneurysm Repairs[END_REF]. Similarly to our findings, the technical success was 100%, with no further endoleak or additional re-intervention required. No death related to aneurysm, graft thrombosis or chimney graft occlusion were observed. A case of endobag protrusion was reported, with no clinical consequence. Note that an injury of the renal artery was reported for one patient due to a guidewire injury which required a nephrectomy due to active bleeding.

Another study reported a serie of 4 patients with prior EVAR who were successfully treated for a type Ia endoleak using chimney-EVAS [START_REF] Bruin | The Endovascular Sealing Device in Combination with Parallel Grafts for Treatment of Juxta/Suprarenal Abdominal Aortic Aneurysms: Short-term Results of a Novel Alternative[END_REF]. Other investigators reported the use of EVAS to treat type I and type IIIb endoleaks in a serie of 10 consecutive patients [START_REF] Paraskevas | Endovascular Aneurysm Sealing (EVAS) Alone or in Combination with Chimney Grafts (chEVAS) for Treating Complications of Previous Endovascular Aneurysm Repair (EVAR) Procedures[END_REF]. The technical success was achieved in all patients and the short-term follow-up demonstrated a resolution of the type Ia endoleaks and the proven type III endoleaks. However, for 3 patients who initially had undetermined endoleaks, a re-intervention was required due to continued sac expansion. At last, a few other case reports described the treatment of type I or type III endoleaks as well as non-elective ruptured AAA following EVAR using the EVAS technique [START_REF] Joseph | A Technique of "Chimney Nellix" for the Management of Type 1a Endoleak After EVAR[END_REF][START_REF] Bockler | Use of the Nellix EVAS system to treat post-EVAR complications and to treat challenging infrarenal necks[END_REF][START_REF] Van Den Ham | Treatment of Type IIIb Endoleaks After EVAR Using the Nellix EndoVascular Aneurysm Sealing System[END_REF][START_REF] Torella | ChEVAS: Combining Suprarenal EVAS with Chimney Technique[END_REF][START_REF] Hughes | Management of a type Ia endoleak with the Nellix endovascular aneurysm sealing system[END_REF][START_REF] Quintas | Three-vessel Chimney Technique Combined with Endovascular Aortic Sealing Device for the Treatment of a Type Ia Endoleak[END_REF][START_REF] Martinelli | An Alternative Approach for Treating a Type Ia Endoleak after Conventional EVAR Using the Nellix Endovascular Aneurysm Sealing[END_REF]. In all the studies, the technical success was achieved. In their study, Joseph et al.

reported the use of EVAS in 3 patients who had prior EVAR or fenestrated EVAR to treat type Ia endoleaks [START_REF] Joseph | A Technique of "Chimney Nellix" for the Management of Type 1a Endoleak After EVAR[END_REF]. The technical success was 100%. The authors reported the occurrence of dissections of the left subclavian artery in 2 patients which were successfully treated with endovascular procedure and the occurrence of a common femoral artery pseudoaneurysm which spontaneously thrombosed.

The use of Nellix in patients who had EVAR can be technically challenging and the success of the procedure requires the training and the experience of the operators. In our centre, EVAS has been used since 2013 and 68 devices have been implanted. The learning curve to master the technique is an important concern before considering it as a potential alternative in secondary procedures. Deploying the Nellix device in confined spaces can potentially expose to a risk of endobag protrusion or rupture. The pressure monitoring and the pre-fill of the endobags is a critical step to achieve a successful sealing and limit the risk of such complications. In our study, we did not report any endobag rupture or protrusion. Other investigators reported one case of endobag protrusion, without any clinical consequence [START_REF] Youssef | Endovascular Aneurysm Sealing (EVAS) and Chimney EVAS in the Treatment of Failed Endovascular Aneurysm Repairs[END_REF].

The median of the polymer fill volume used in our study was 51.5 mL, which is concordant with other studies [START_REF] Van Den Ham | Treatment of Type IIIb Endoleaks After EVAR Using the Nellix EndoVascular Aneurysm Sealing System[END_REF][START_REF] Martinelli | An Alternative Approach for Treating a Type Ia Endoleak after Conventional EVAR Using the Nellix Endovascular Aneurysm Sealing[END_REF][START_REF] Youssef | Endovascular Aneurysm Sealing (EVAS) and Chimney EVAS in the Treatment of Failed Endovascular Aneurysm Repairs[END_REF]. In our experience, we did not observe a difference on the polymer filling volume depending on the original EVAR device. Optimal filling volumes when using Nellix in patients who had EVAR remain to be determined and further studies would be useful to address it.

Studies published so far were mainly case reports and patients treated with prior EVAR mainly had bifurcated endografts. Only a few studies involved patients who had fenestrated endografts [START_REF] Joseph | A Technique of "Chimney Nellix" for the Management of Type 1a Endoleak After EVAR[END_REF][START_REF] Youssef | Endovascular Aneurysm Sealing (EVAS) and Chimney EVAS in the Treatment of Failed Endovascular Aneurysm Repairs[END_REF] and to the best of our knowledge, none of them described patients who had prior chimney-EVAR. The interest of this study is to report a larger serie of patients (n=10) who had EVAS or chimney-EVAS to treat type I and type III endoleaks in patients who had prior EVAR or chimney-EVAR. The use of EVAS in the treatment of type III endoleaks has been so far scarcely investigated [START_REF] Van Den Ham | Treatment of Type IIIb Endoleaks After EVAR Using the Nellix EndoVascular Aneurysm Sealing System[END_REF][START_REF] Youssef | Endovascular Aneurysm Sealing (EVAS) and Chimney EVAS in the Treatment of Failed Endovascular Aneurysm Repairs[END_REF][START_REF] Paraskevas | Endovascular Aneurysm Sealing (EVAS) Alone or in Combination with Chimney Grafts (chEVAS) for Treating Complications of Previous Endovascular Aneurysm Repair (EVAR) Procedures[END_REF]. EVAS does not add fixation to the repair. In cases of type IIIb endoleaks, relining of the stent graft is required. Relining of the stent graft using bilateral Nellix is technically feasible, with no change in distraction forces [START_REF] Swaelens | Type IIIb Endoleak and Relining: A Mathematical Model of Distraction Forces[END_REF]. Type IIIa endoleaks, related to modular disconnection, can be treated by unilateral insertion of single covered stents [START_REF] Maleux | Incidence, etiology, and management of type III endoleak after endovascular aortic repair[END_REF]. In this cohort, EVAS was proposed as an alternative procedure in cases where it was estimated that a bilateral Nellix device could help to strengthen the stability of the aneurysm because of its compliant endobags and ability to conform to anatomical and prosthetic structures. In our cohort, 3 patients had prior chimney-EVAR, which has never been previously described. The use of the Nellix system in patients who had prior chimney-EVAR is challenging and particular attention should be taken to avoid covering the existing chimney stents by the EVAS system. Re-cannulation of the vessels can be required to re-introduce stents to avoid compression of the existing chimney stents by the EVAS system. The procedure was successfully achieved in these patients and they did not require a re-intervention, suggesting that the technique is safe and efficient. This study presents some limitations. This was a single-centre retrospective study. Given the scarcity of the literature and small number of patients involved, further multicentre clinical studies should be performed to obtain larger cohorts. This would allow to better identify anatomic characteristics and procedural characteristics of the prior EVAR that could be predictive of the success of EVAS in the treatment of endoleaks. This would also help to identify criteria that should be taken in consideration to choose the most appropriate endovascular approach to treat type Ia and type III endoleaks following EVAR. At last, follow-up on longer periods would be useful to address the long-term outcomes following EVAS. At last, the use of EVAS as a secondary procedure is currently outside the instructions for use and the recent suspension of the Nellix CE mark pay probably delay and limit clinical protocols to investigate its interest in these indications.

EVAS and chimney EVAS in the treatment of type I and type III endoleaks following EVAR and chimney EVAR is technically feasible. Short-term follow-up suggests that the procedure is a safe and efficient therapeutic alternative to manage disabled EVAR. Further studies on larger cohort and longer follow-up periods are required to evaluate its long-term efficiency and identify potential predictive factors that may help to assess its indication in the treatment of complications following EVAR.
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