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Introduction

Fenestrated and branched stent-grafts have become a widely used alternative for the treatment of juxtarenal (JR), suprarenal (SR) and thoraco-abdominal aortic aneurysms (TAA) in patients at high risk for conventional open repair [START_REF] Oderich | Prospective, nonrandomized study to evaluate endovascular repair of pararenal and thoracoabdominal aortic aneurysms using fenestrated-branched endografts based on supraceliac sealing zones[END_REF][START_REF] Verhoeven | Fenestrated Endovascular Aortic Aneurysm Repair as a First Line Treatment Option to Treat Short Necked, Juxtarenal, and Suprarenal Aneurysms[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][START_REF] Maurel | Editor's Choice -The Impact of Early Pelvic and Lower Limb Reperfusion and Attentive Peri-operative Management on the Incidence of Spinal Cord Ischemia During Thoracoabdominal Aortic Aneurysm Endovascular Repair[END_REF]. Encouraging short-term results with custommade devices have been reported in patients with complex aorto-iliac anatomy and multiple comorbidities. However, a number of adverse morphological features may increase technical difficulties during fenestrated or branched endovascular aneurysm repair (FEVAR/BEVAR), or may preclude the ability of manufacturing suitable custom-made fenestrated/branched stent-grafts [START_REF] Mendes | Implications of renal artery anatomy for endovascular repair using fenestrated, branched, or parallel stent graft techniques[END_REF][START_REF] Ullery | Impact of Renal Artery Angulation on Procedure Efficiency During Fenestrated and Snorkel/Chimney Endovascular Aneurysm Repair[END_REF]. Lerussi et al. have described a combination of a right hepato-renal artery bypass and a fenestrated stent-graft in the setting of a juxtarenal aneurysm, with very close origins of right renal and superior mesenteric (SMA) arteries, precluding the construction of fenestrations for both vessels [START_REF] Lerussi | Hepatorenal Bypass Allowing Fenestrated Endovascular Repair of Juxtarenal Abdominal Aortic Aneurysm: A Case Report[END_REF]. The aim of the present study was to report our experience of treatment of aortic aneurysms using combination of renal and visceral arteries bypass and fenestrated/branched stentgraft in various complex anatomical situations.

Methods

Between November 2005 and March 2017, 199 patients underwent FEVAR and/or BEVAR for complex aortic aneurysms at three university regional vascular centers. In 10 patients, a hybrid strategy combining bypasses for renal and/or visceral arteries and custom-made fenestrated/branched stent-grafts was chosen.

Patients

Two patients had abdominal aortic aneurysm (1 JR and 1 SR) and 8 patients had TAA (1 type I, 2 type II including one dissection, 2 type III, 1 type IV and 2 type V). Patients and aneurysms characteristics are reported in Table 1. In our centers, FEVAR/BEVAR treatment is proposed for JR and SR aneurysms in high surgical risk patients and as a fist-line option for TAA in patients at high and standard surgical risk.

Stent-grafts and procedures

In total, 37 renal and visceral arteries were targeted, 23 of which using fenestration or branch and 14 using bypass. Details of bypass/stentgraft combination for each target vessel are reported in Table 2 and indications for renal/visceral bypass and type of revascularization are reported in Table 3. Early renal artery bifurcation was defined as a trunk shorter than 10 mm.

In the 2 patients where renal bypass was performed because of polar arteries, one had right kidney vascularized by two 4 mm diameter polar arteries and the second patient had main trunk and polar artery diameters of 4 and 3.5 mm, respectively. In each case, both polar arteries were bypassed. Three patients who underwent renal bypass had solitary kidney.

Bypass and stent-graft configurations for two patients are depicted in Figures 1 and2.

All stent-grafts were custom-made devices (Cook Medical ® , Bloomington, USA). Staged procedures were performed in all patients: 7 patients had 2 procedures (visceral/renal bypass and FEVAR/BEVAR procedure), 2 patients had 3 procedures (visceral/renal bypass, thoracic stentgraft with or without supra-aortic trunk debranching, and FEVAR/BEVAR procedure) and one had 4 procedures (debranching of supra-aortic trunk, visceral/renal bypass, thoracic stentgraft and FEVAR). In patients with type II or type III TAA, implantation of thoracic stentgrafts was performed as a separate procedure in order to reduce the risk of spinal cord ischemia (SCI).

All procedures were performed under general anesthesia in a conventional vascular operating theatre using portable C-arm (Siemens Avantic or Phillips Veradius). Spinal fluid drainage was performed in all patients with TAA.

Results

Results of renal/visceral bypass procedures

No patient died during the postoperative period. Six patients had 7 postoperative complications (one patient underwent surgical revision for hemorrhage following hepato-renal bypass, one patient underwent exploratory laparotomy for intestinal obstruction syndrome with fever, one had groin infection requiring intervention, three had transient serum creatinine rise following renal artery bypass without dialysis and one had pulmonary embolism). Seven patients were discharged home before FEVAR/BEVAR procedure with a mean hospital stay of 14 ± 6 days (range 9 -21 days) including the pre-operative admission day.

Results of FEVAR/ BEVAR procedures

Technical success of FEVAR/BEVAR procedures was achieved in all cases. Median duration of FEVAR/BEVAR procedure was 255 min (163 -383 min). Median contrast load was 100 ml (50 -200 ml), median radiation exposure time and median dose area product were 59 min (22 -129 min) and 11,3 Gy.cm 2 (9 -22,3 Gy.cm 2 ) respectively.

No patient died during the postoperative period. Three patients had 3 complications after FEVAR/BEVAR procedure (one iliac limb stenting for kinking and two transient serum creatinine rises including one transient hemodialysis).

In total, 6 patients had 10 complications during postoperative course.

Mean delay between first outpatient clinic and FEVAR/BEVAR procedure was 8.6 ± 3.6 months (range 3 -14 months). Mean delay between bypass and FEVAR/BEVAR procedure was 1.3 ± 0.8 months (range 0.4 -2.9 months).

Mean hospital stay following FEVAR/BEVAR procedure was 9 ± 5 days (range 5 -20 days).

Post-operative CT-scan was performed in all patients. Proximal endoleak from incomplete sealing of subclavian occluder was seen in the patient who presented with a type II dissecting TAA. The same patient had a distal type 1 endoleak from a reentry tear located at the level of the right iliac bifurcation. Two patients had type 2 endoleak. Renal and visceral arteries were all patent.

Mid-term outcomes

During a mean follow-up of 24.3 ± 21 months (range 3 -70 months) following FEVAR/BEVAR procedure, no patients died. Seven reinterventions were performed in 3 patients. One patient treated for a type III TAA presented at 38 months with a ruptured thoracic aneurysm from proximal type 1 endoleak. Emergent placement of a thoracic stentgraft sealed the endoleak successfully. CT-scan showed aneurysmal evolution of ascending aorta and arch. Conventional replacement of the ascending aorta and the arch was performed one month later with uneventful postoperative course.

A second patient treated for a type III TAA developed stenosis of proximal part of ilio-renohepatic saphenous bypass at 4 months. Stenting was performed, but CT-scan at 10 months showed thrombosis of the ilio-renal segment of the saphenous bypass. Meanwhile, renohepatic segment was patent and renal artery was still perfused by reverse flow from SMA collaterals (coeliac trunk was occluded by stent-graft). However, this resulted in severe renovascular hypertension requiring 5 antihypertensive drugs. This patient presented at 37 months with type 3 endoleak from disconnection of left renal artery stent which was treated successfully with additional stenting.

A third patient treated for a type II dissecting aneurysm was diagnosed at 6 months with persistent endoleak from incomplete sealing of a subclavian occluder. Complete occlusion was achieved using plug and coils. At 8 months, this patient underwent iliac limb extension for a persistent distal type 1 endoleak from a re-entry tear. CT-scan at 17 months showed enlargement of the aneurysm sac and large endoleak in the false lumen which was suspected to arise from coeliac trunk and SMA fenestrations. Additional stenting of SMA and coeliac trunk was performed. Last CT-scan showed stability of aneurysm diameter and the persistence of endoleak which was categorized as a type 2.

During follow-up, no occlusion of target vessels was documented. One patient already mentioned above had partial thrombosis of the iliac part of a saphenous ilio-reno-hepatic bypass. Another patient with reno-hepatic bypass associated with right renal artery branch was diagnosed at 6 months with thrombosis of the right renal branch. Again, right renal artery and reno-hepatic bypass remained patent thanks to collaterals arising from the SMA (coeliac trunk was occluded by stent-graft).

Renal function was stable during follow-up in all patients but one who developed end-stage renal failure requiring permanent dialysis. This patient had solitary kidney and preoperative severe chronic renal failure (CKD-EPI clearance of 17 ml/min/1.73m²).

On last follow-up CT-scan, aneurysm diameter decreased for 6 patients from a mean of 65 ± 6 mm to 45 ± 10 mm, was stable for 3 patients and increased for one patient from 90 to 100 mm, in which persistent type 2 endoleak was observed. Aneurysm exclusion was complete in the remaining 9 patients.

Discussion

This study reports our experience of a hybrid strategy combining bypass to the renal and/or visceral arteries and FEVAR/BEVAR in the treatment of complex aortic aneurysms, in patients unfit for open repair and for which difficult anatomy precluded a total endovascular approach. During the last decade, early and mid-term outcomes following FEVAR/BEVAR have improved thanks to advances in preoperative planning, patient selection, implantation technique and perioperative care. FEVAR/BEVAR has become a first-line treatment option for patients at high risk for open repair. FEVAR indications have even been extended in some centers to standard surgical-risk patients with JR and SR abdominal aortic aneurysms [START_REF] Verhoeven | Fenestrated Endovascular Aortic Aneurysm Repair as a First Line Treatment Option to Treat Short Necked, Juxtarenal, and Suprarenal Aneurysms[END_REF].

Recent literature data support the benefit of endovascular approach in complex aortic aneurysms compared to conventional open surgery and full hybrid procedures (complete renal and visceral bypass revascularization combined with standard stent-graft) in terms of perioperative mortality and major complication rates [START_REF] Coselli | Outcomes of 3309 thoracoabdominal aortic aneurysm repairs[END_REF][START_REF] Rosset | Editor's Choice -Hybrid Treatment of Thoracic, Thoracoabdominal, and Abdominal Aortic Aneurysms: A Multicenter Retrospective Study[END_REF]. Most recent FEVAR/BEVAR series have shown high technical success rates above 95% [START_REF] Oderich | Prospective, nonrandomized study to evaluate endovascular repair of pararenal and thoracoabdominal aortic aneurysms using fenestrated-branched endografts based on supraceliac sealing zones[END_REF][START_REF] Verhoeven | Fenestrated Endovascular Aortic Aneurysm Repair as a First Line Treatment Option to Treat Short Necked, Juxtarenal, and Suprarenal Aneurysms[END_REF]. Technical success of target vessel stent implantation relies to a large extent on patient selection and preoperative planning. In some cases, preoperative CT-scan shows unfavorable anatomy associated with possible technical difficulties that may increase procedure time and lead to failure of renal/visceral stenting. An inverse correlation between procedure time and mortality [START_REF] Marzelle | Results and factors affecting early outcome of fenestrated and/or branched stent grafts for aortic aneurysms: a multicenter prospective study[END_REF] or the incidence of SCI [START_REF] Maurel | Editor's Choice -The Impact of Early Pelvic and Lower Limb Reperfusion and Attentive Peri-operative Management on the Incidence of Spinal Cord Ischemia During Thoracoabdominal Aortic Aneurysm Endovascular Repair[END_REF] has been demonstrated. The use of bypass procedures for those complex arteries may simplify the FEVAR/BEVAR procedure, and thereby decrease the extent of catheter manipulation (with potential reduction of peripheral emboli) and procedure time.

With regards to renal artery anatomy, Mendes et al. have reported that, among 520 patients treated for complex aortic aneurysm (222 JR, 241 SR and 57 type IV TAA), 92 (18%) had unsuitable anatomy for FEVAR/BEVAR [START_REF] Mendes | Implications of renal artery anatomy for endovascular repair using fenestrated, branched, or parallel stent graft techniques[END_REF]. Unsuitability criteria for endovascular incorporation of renal artery were: early bifurcation (defined as length of renal artery trunk < 13 mm), diameter < 4 mm and accessory renal artery requiring sacrifice of > 40% of volume of a single kidney or > 25% of two kidneys. Occurrence of accessory renal arteries is not rare and has been estimated to affect one third of the population [START_REF] Pollak | Anatomic abnormalities of cadaver kidneys procured for purposes of transplantation[END_REF][START_REF] Türkvatan | Multidetector CT angiography of renal vasculature: normal anatomy and variants[END_REF]. Renal artery angulation has also been associated with increased canulation time [START_REF] Ullery | Impact of Renal Artery Angulation on Procedure Efficiency During Fenestrated and Snorkel/Chimney Endovascular Aneurysm Repair[END_REF], and in Mendes series, excessive downward angulation was observed in 24% of the patients [START_REF] Mendes | Implications of renal artery anatomy for endovascular repair using fenestrated, branched, or parallel stent graft techniques[END_REF]. In our report, anatomic difficulty involved renal arteries in 11 out of 14 cases of bypass revascularization. In 8 of these 11 patients, bypass indication was related to adverse anatomical feature of the renal artery (Table 3). In the three remaining cases, one had type II TAA following type B aortic dissection and right renal artery originating from the false lumen, and in the two others, indication for renal bypass was a tight angulation of the aorta at the level of renal arteries. We considered that this anatomical feature would have carried a high risk of misplacement of the renal fenestrations, with potential failure to canulate the renal arteries. A more compliant stent-graft, like the Vascutek ® Anaconda fenestrated custom-made device was considered, but not possible as reimbursement by our healthcare system was lacking.

Target vessel incorporation failures are most often related to renal arteries. Nevertheless, Verhoeven et al. [START_REF] Verhoeven | Editor's Choice -Ten-year Experience with Endovascular Repair of Thoracoabdominal Aortic Aneurysms: Results from 166 Consecutive Patients[END_REF] and Eagleton et al [START_REF] Eagleton | Fenestrated and branched endovascular aneurysm repair outcomes for type II and III thoracoabdominal aortic aneurysms[END_REF] reported coeliac trunk canulation failure in one and 13 cases, respectively. In the latter series, failure of coeliac trunk canulation was related in 12 cases to a high-grade stenosis (> 95%) or an occlusion. In our series, 3 patients underwent bypass to the coeliac trunk because of a high-grade stenosis. Two of these patients presented with indication of right renal artery bypass revascularization, and therefore we decided to take advantage of the laparotomy to undertake concomitant bypass to the coeliac trunk. The third patient presented with type III TAA and tight stenosis of coeliac trunk. Design of stent-graft was 2 branches for superior mesenteric artery and right renal artery and one fenestration for left renal artery. As the procedure was expected to be challenging, we decided to undertake prior bypass revascularization to the coeliac trunk in order to minimize procedure time.

In the present report, the choice of renal/visceral bypass revascularization was intended to insure target vessel patency as well as shorter FEVAR/BEVAR procedure duration. This strategy has already been described in a single report by Lerussi et al., where saphenous vein hepato-renal bypass was performed prior to the endovascular procedure [START_REF] Lerussi | Hepatorenal Bypass Allowing Fenestrated Endovascular Repair of Juxtarenal Abdominal Aortic Aneurysm: A Case Report[END_REF]. In this patient, right renal artery and SMA origins were too close to each other, and this precluded the construction of fenestrations for both vessels. Recent publications advocate staging of multiple procedures, mostly as a strategy to reduce the risk of SCI [START_REF] Oderich | Prospective, nonrandomized study to evaluate endovascular repair of pararenal and thoracoabdominal aortic aneurysms using fenestrated-branched endografts based on supraceliac sealing zones[END_REF][START_REF] Maurel | Editor's Choice -The Impact of Early Pelvic and Lower Limb Reperfusion and Attentive Peri-operative Management on the Incidence of Spinal Cord Ischemia During Thoracoabdominal Aortic Aneurysm Endovascular Repair[END_REF][START_REF] Bischoff | Staged Approach Prevents Spinal Cord Injury in Hybrid Surgical-Endovascular Thoracoabdominal Aortic Aneurysm Repair: An Experimental Model[END_REF][START_REF] O'callaghan | Staged endovascular repair of thoracoabdominal aortic aneurysms limits incidence and severity of spinal cord ischemia[END_REF]. Following this strategy, all patients in the present series underwent bypass surgery prior to FEVAR/BEVAR. One major drawback of staging is that the patient is exposed to the risk of aneurysm rupture between both procedures. However, in our series, bypass surgery was always performed during the stent-graft manufacturing period. Finally, it appears that visceral/renal bypass did not significantly delay the FEVAR/BEVAR procedure.

In our series, 10 complications occurred in 6 patients. Most of the complications (seven out of ten) occurred following bypass surgery. Reported morbidity following extra-anatomic renal bypass is around 10% [START_REF] Cambria | The durability of different reconstructive techniques for atherosclerotic renal artery disease[END_REF]. This higher morbidity rate may be explained by the fact that all patients were at high risk for open surgery. On the other hand, complication rate following FEVAR/BEVAR procedure was comparable to previous reports [START_REF] Oderich | Prospective, nonrandomized study to evaluate endovascular repair of pararenal and thoracoabdominal aortic aneurysms using fenestrated-branched endografts based on supraceliac sealing zones[END_REF][START_REF] Verhoeven | Fenestrated Endovascular Aortic Aneurysm Repair as a First Line Treatment Option to Treat Short Necked, Juxtarenal, and Suprarenal Aneurysms[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][START_REF] Maurel | Editor's Choice -The Impact of Early Pelvic and Lower Limb Reperfusion and Attentive Peri-operative Management on the Incidence of Spinal Cord Ischemia During Thoracoabdominal Aortic Aneurysm Endovascular Repair[END_REF].

In our series, mean hospital stay was 9 days following FEVAR/BEVAR procedure. This was comparable to 7 to 10 days reported by Verhoeven et al [START_REF] Verhoeven | Fenestrated Endovascular Aortic Aneurysm Repair as a First Line Treatment Option to Treat Short Necked, Juxtarenal, and Suprarenal Aneurysms[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].

Seven reinterventions were needed in 3 patients, one of which related to renal bypass. This rate of reintervention is comparable to other endovascular series [START_REF] Oderich | Prospective, nonrandomized study to evaluate endovascular repair of pararenal and thoracoabdominal aortic aneurysms using fenestrated-branched endografts based on supraceliac sealing zones[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].

Conclusion

The present series confirms the feasibility with acceptable results of combining FEVAR/BEVAR procedures with renal and/or visceral artery bypass in patients with complex aortic aneurysms. The morbidity associated with these open procedures in fragile patients has to be carefully balanced with the risk of catheterism difficulties in the setting of adverse anatomical features of the visceral/renal arteries or the aorta. 
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 1 Figure 1. A. Schematic view of a type III TAA presenting with tight stenosis of coeliac trunk
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 2 Figure 2. A. Schematic view of a type II TAA presenting with tight stenosis of coeliac trunk
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