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Introduction

Endovascular aneurysm repair (EVAR) is the current standard of care for abdominal aortic aneurysms, representing 74% of all procedures used for the treatment of abdominal aortic aneurysms [START_REF] Dua | Epidemiology of aortic aneurysm repair in the United States from 2000 to 2010[END_REF][START_REF] Rose | Comparative safety of endovascular aortic aneurysm repair over open repair using patient safety indicators during adoption[END_REF]. Type 2 endoleak (T2E) is caused by retrograde blood flow into the aneurysm sac through branch vessels [START_REF] Sidloff | Type II endoleak after endovascular aneurysm repair[END_REF]. Unlike type 1 and 3 endoleaks, T2Es are a complete circulating system, which limits the pressure increase in the sac [START_REF] Baum | Aneurysm sac pressure measurements after endovascular repair of abdominal aortic aneurysms[END_REF]. Risk of aneurysm rupture for T2E is thus lower than for other endoleaks types, with an estimated annual rupture risk of approximately 1% [START_REF] Sidloff | Type II endoleak after endovascular aneurysm repair[END_REF].

Persistent T2E with stable aneurysm size spontaneously resolves in up to 60% of patients [START_REF] Moll | Management of abdominal aortic aneurysms clinical practice guidelines of the European society for vascular surgery[END_REF][START_REF] Silverberg | An 8year experience with type II endoleaks: Natural history suggests selective intervention is a safe approach[END_REF]. Patients thus require close monitoring without immediate intervention [START_REF] Cassagnes | Aortic stent-grafts: endoleak surveillance[END_REF]. T2E treatment is indicated when subsequent sac expansion is observed although there is no clear consensus about the degree of sac expansion to be considered. In this regard, Moll et al. and the EUROSTAR study set a threshold increase of 10 mm [START_REF] Moll | Management of abdominal aortic aneurysms clinical practice guidelines of the European society for vascular surgery[END_REF][START_REF] Cassagnes | Aortic stent-grafts: endoleak surveillance[END_REF] while other researchers recommend a 5 mm threshold [START_REF] Avgerinos | Type II endoleaks[END_REF].

Various minimally invasive procedures have been described to treat patients with T2E including direct percutaneous sac injection (DPSI), transarterial embolization (TAE) and transcaval embolization [START_REF] Ogawa | Embolization by direct puncture with a transpedicular approach using an isocenter puncture (ISOP) method in a patient with a type II endoleak after endovascular aortic repair (EVAR)[END_REF]. These procedures are all performed in an angiography suite using fluoroscopy and a wide variety of embolic agents such as coils, ethylene vinyl alcohol copolymer (Onyx, ev3 Neurovascular), hemostatic sponge (Curaspon, L3 medical LTD) and glue, but without any firm consensus to date [START_REF] Wilmot | Embolization of a Recurrent Type 2 Endoleak using the liquid embolic N-butyl cyanoacrylate[END_REF].

T2E management has been modified with the advent of cone-beam computed tomography (CBCT) and navigation software used in modern angiography units [START_REF] Wilmot | Embolization of a Recurrent Type 2 Endoleak using the liquid embolic N-butyl cyanoacrylate[END_REF][START_REF] Bai | The comparison of radiation dose between C-arm flat-detector CT (DynaCT) and multi-slice CT (MSCT): a phantom study[END_REF][START_REF] Ierardi | Type 2 endoleaks in endovascular aortic repair: cone beam CT and automatic vessel detection to guide the embolization[END_REF]. Three dimensional (3D)-CBCT allows image fusion of the 3D-CBCT model onto 2D live fluoroscopy which facilitates the procedure, improves endoleak visualization and endo-arterial or percutaneous navigation, while reducing the dose and contrast volume required [START_REF] Wilmot | Embolization of a Recurrent Type 2 Endoleak using the liquid embolic N-butyl cyanoacrylate[END_REF][START_REF] Bai | The comparison of radiation dose between C-arm flat-detector CT (DynaCT) and multi-slice CT (MSCT): a phantom study[END_REF].

The purpose of this study was to evaluate immediate and 1-year success rates of T2E embolization after EVAR using permanent agent ethylene-vinyl-alcohol-polymer, and 3D-CBCT with fusion imaging guidance.

Material and methods

All the procedures were performed in compliance of the ethical standards adopted by our institution's research and ethics committee, the 1964 Helsinki declaration and its subsequent amendments. This study was approved by our Institutional Review Board.

Patients

The file of 47 patients who underwent TAE and/or DPSI at our institution from January 2011 to December 2017 for the treatment of T2E after EVAR were initially reviewed. Ten patients were excluded because they were lost to follow-up (n = 9) or had T2E after a thoracic EVAR (n = 1). The final study population consisted of 37 patients (Figure 1). There were 34 men (34/37 -92%) and 3 women (3/37 -8%) with a mean age of 86 ± 9 (standard deviation [SD]) years (range: 67 -104 years). Four patients (4/37; 11%) had juxta-renal aortic aneurysms and 33 (33/37; 89%) infra-renal aortic aneurysms. The mean aneurysm size at the time of the EVAR was 58 ± 12 (SD) mm (range: 47 -93 mm) (Table 1).

All patients had EVAR in the vascular surgery department of our institution or elsewhere.

The types of EVAR included 36 aorto-bi-iliac stent grafts (36/37; 97 %) (of these, there were three fenestrated prosthesis [3/37; 8 %] and two patients with chimney stents [2/37; 5 %]) and one aorto-uni-iliac stent graft (1/37; 3%). The stents used were 19 Cook Zenith ® (Cook Medical), nine Gore Excluder ® (Gore Medical), three Medtronic Endurant ® (Medtronic), two Medtronic Talent ® and four Vascutek Anaconda ® (Vascutek Ltd).

The endoleak sac was located at the abdominal aorta level in 36 patients (36/37; 97 %) and at the common iliac artery level in one (1/37; 3 %). Mean intervals for T2E diagnosis and treatment after the diagnosis were 613 ± 613 (SD) days (range: 8 -1825 days) and 702 ± 692 (SD) days (range: 2 -3093 days), respectively. The mean aneurysm diameter at the time of the endoleak treatment was 67 ± 14 (SD) mm (range: 42 -101 mm) with a mean increase of 11 ± 9 (SD) mm (range: 5 -45 mm) compared to the diameter at the time of EVAR. For each patient, the endoleak type was classified according to the EVAR reporting criteria [START_REF] Chaikof | Reporting standards for endovascular aortic aneurysm repair[END_REF]. The treatment indication was decided in a multidisciplinary meeting including radiologists, interventional radiologists, vascular surgeons and angiologists. The main inclusion criteria was a T2E with an increase in sac diameter ≥ 5 mm on a control CT or magnetic resonance imaging examination [START_REF] Moll | Management of abdominal aortic aneurysms clinical practice guidelines of the European society for vascular surgery[END_REF][START_REF] Van Marrewijk | Significance of endoleaks after endovascular repair of abdominal aortic aneurysms: The EUROSTAR experience[END_REF]. Diagnosis and planning were based on the findings on the latest CT imaging. Patients were admitted to the vascular surgery ward the night before the procedure and discharged the day after the procedure in the absence of complications. Follow-up consisted of computed tomography angiography (CTA) imaging at 30 days, 6 months and 1 year [START_REF] Moll | Management of abdominal aortic aneurysms clinical practice guidelines of the European society for vascular surgery[END_REF] after the procedure, and annually thereafter in the absence of specific complications.

Treatment techniques

TAE with coils and ethylene-vinyl alcohol polymer was considered as the first-line treatment for EVAR. DPSI using ethylene-vinyl alcohol polymer was only indicated for technically unsuccessful TAE or when TAE was considered unfeasible during the multidisciplinary meeting based on pre-procedure CT images [START_REF] Stavropoulos | Type 2 endoleak embolization comparison: translumbar embolization versus modified transarterial embolization[END_REF]. Choice between the two methods was based on anticipated technical difficulties, particularly the tortuosity and the size of the afferent and efferent arteries on pre-procedure imaging. TAE was attempted whenever the feeding artery could be catheterized by a microcatheter [START_REF] Stavropoulos | Type 2 endoleak embolization comparison: translumbar embolization versus modified transarterial embolization[END_REF]. DPSI was used as first line when the afferent artery was too tortuous or small and sac catheterization consequently likely to fail, and when several feeding arteries were found.

All the procedures were performed in one of two angiography suits (Allura ® Xper FD20 or Allura ® Xper FD20 Clarity, Philips Healthcare) equipped with C-arm CBCT (XperCT ® , Philips Healthcare) and a dedicated workstation (Release 8.0, Philips Healthcare) using automatic vessel detection software (Emboguide ® , Philips Healthcare) or needle guidance and planning software (XperGuide ® , Philips Healthcare). Pre-procedure CTA was performed as a routine follow-up of EVAR or for planning the procedure on a Revolution ® CT scanner (General Electric Healthcare). The CTA protocol included three acquisition phases exploring the aorta and its branches from the diaphragmatic domes to the common femoral arteries with 1.25 mm collimation, 120 kVp, automatic mAs, a pitch of 1.375, and tube rotation set at 0.7 s. After a first unenhanced acquisition phase, a second phase was acquired after intra-venous administration of 120 mL of iomeprol (Iomeron ® 400 mg I/ml, Bracco Diagnostics) through a 20-Gauge catheter of the antecubital vein at an injection rate of 5 mL/s followed by an injection of 40 mL of sodium chloride 0.9%, with bolus tracking of a region of interest (ROI) placed on the aorta at the diaphragmatic hiatus and acquisition at an early arterial phase. The third phase was obtained 70 s after the start of contrast material administration.

TAE technique

The patients were placed in the supine position under local anesthesia and the superior mesenteric artery and the arc of Riolan (Figure 2) or the ilio-lumbar artery was catheterized using a Cobra-glide 5F catheter (Terumo Interventional Systems) after placing a 5F introducer sheath (Radifocus® Introducer II Standard Kit, Terumo Interventional Systems) into one of the common femoral arteries. A dual phase-CBCT (DP-CBCT) was performed and the 3D roadmap overlaid on the 2D fluoroscopy (Figure 3) [START_REF] Chiaradia | Sensitivity and reproducibility of automated feeding artery detection software during transarterial chemoembolization of hepatocellular carcinoma[END_REF][START_REF] Tacher | How I Do It: Cone-Beam CT during transarterial chemoembolization for liver cancer[END_REF].

A microcatheter (Progreat 2.7F, Terumo Interventional Systems) was then introduced distally allowing direct access to the sac using the live 3D roadmap. The microcatheter positioning in the aneurysm and the afferent and efferent arteries was controlled by digital subtraction angiography (DSA). The efferent arteries were catheterized when possible and embolized with pushable or detachable coils. The circulating sac lumen was first filled and embolized with coils whenever needed to create a frame and to reduce the volume of liquid embolic agent before using dimethyl sulfoxide (DMSO) and ethylene-vinyl alcohol polymer 18 and/or 34 successively under fluoroscopic surveillance. The distal feeding artery was then closed using 0.018" pushable or detachable coils or ethylene-vinyl alcohol polymer. DSA was performed at the end of the procedure to ensure the absence of aneurysm sac vascularization.

Unenhanced CBCT was then done to assess complete embolization of the sac and its feeder and efferent arteries.

DP-CBCT acquisition for TAE

DP-CBCT was acquired through C-arm rotation and advanced image reconstruction, allowing CT-like acquisitions and 3D modeling [START_REF] Tacher | How I Do It: Cone-Beam CT during transarterial chemoembolization for liver cancer[END_REF]. After catheterization of the trunk of the suspected feeding artery, the patient's midline, and hence the aorta, was placed at the center of the rotation.

The C-arm movement was set for a 200° rotation at a rate of 30-60° per second in a pulsed mode acquisition 5 seconds after the beginning of contrast material administration (Visipaque ® 320, Iodixanol, GE Healthcare) at 5 mL/s through an injector (Medrad ® Mark 7 Arterion ® , Bayer).

Two acquisitions were done: the first 5 s after the start of the iodinated injection providing arterial phase images and the second after another rotation 15 s after the injection providing "late phase" images. The images were analyzed to confirm the T2E. A 3D roadmap was overlaid on the 2D fluoroscopy using automatic feeding artery detection software (Emboguide ® ).

DP-CBCT acquisition for DPSI technique

The patient was placed in the prone position. An unenhanced CBCT was done before the procedure and overlaid with the latest CTA using XperCT ® software to locate the position of the T2E in the aneurysm sac (Figure 4). Multiple anatomic landmarks (aortic wall calcifications, arterial ostium, iliac bifurcation) were chosen on the pre-intervention CTA to overlay the 3D volume with the 3D-CBCT images. Entry and target trajectory points were then selected depending on the site of the T2E using needle navigation software (Xperguide ® ). The 3D virtual path was then projected on the 2D live fluoroscopy as already described [START_REF] Tacher | Three-dimensional image fusion guidance for transjugular intrahepatic portosystemic shunt placement[END_REF]. The endoleak sac was punctured under local anesthesia using a 15 cm 21-gauge needle (Chiba Biopsy Needle, Cook Medical,) and guided by the 3D virtual trajectory provided by the software with live fluoroscopy. A hemorrhagic backflow indicated successful puncture of the endoleak sac, confirmed by a 4 ml contrast media injection through the Chiba needle to visualize the nidus and afferent and efferent vessels. In the absence of backflow, an unenhanced CBCT was performed to assess the correct position of the needle in the endoleak sac. Ethylene-vinyl alcohol polymer was then injected via the Chiba needle into the sac after filling the needle with DMSO. The aim was to completely fill the endoleak sac volume with ethylene-vinyl alcohol polymer and possibly its afferent and efferent arteries. An unenhanced post-intervention CBCT was done to assess complete sac embolization.

Post-intervention follow-up

A baseline CTA examination was performed within 30 days of the intervention as recommended by the European Society of Vascular Surgery [START_REF] Moll | Management of abdominal aortic aneurysms clinical practice guidelines of the European society for vascular surgery[END_REF]. Patients who did not experience an adverse event or endoleak were thereafter monitored annually by imaging. Those who experienced an endoleak underwent imaging at 6 months, 1 year, and then annually if no treatment was decided.

The images were reviewed by an experienced radiologist who measured the maximum diameter in double oblique multiplanar reconstruction on a dedicated workstation. Follow-up was determined by the maximum sac diameter according to treatment guidelines [START_REF] Moll | Management of abdominal aortic aneurysms clinical practice guidelines of the European society for vascular surgery[END_REF][START_REF] Cassagnes | Aortic stent-grafts: endoleak surveillance[END_REF][START_REF] Van Marrewijk | Significance of endoleaks after endovascular repair of abdominal aortic aneurysms: The EUROSTAR experience[END_REF].

Outcome analysis

The primary objectives were the evaluation of the immediate and 1-year outcomes of T2E treatment. Immediate success of the procedure was defined as reaching the circulating portion of the endoleak sac and complete embolization based on post-treatment CBCT images and when no iodine contrast enhancement was found in the sac on the control DSA after TAE. Successful treatment at 1 year was defined as stability or reduction of the sac diameter at the 1year follow-up after an immediately successful procedure, even in the case of persistent T2E. Sac stability was defined as unchanged diameter or a minimal increase not exceeding 5 mm (the treatment indication threshold) while sac progression was a diameter increase by more than 5 mm.

The secondary outcomes were per-procedure and safety parameters. Total fluoroscopy time, radiation exposure, procedure time (time from the insertion of the arterial sheath until the end of the intervention), total volume of administrated iodine contrast and the number of ethylene vinyl alcohol copolymer vials used were all noted. The safety aspect of this study took into consideration all T2E management-related complications occurring during the intervention, hospital-stay and throughout the 1-year follow-up.

Each patient's personal information, medical and surgical history, and clinical and imaging follow-up parameters were collected and analyzed.

Statistical analysis

The Kolmogorov-Smirnov test was used to determine if the measurements were normally distributed on R (R Foundation for Statistical Computing, Vienna, Austria). Since all quantitative variables were not normally distributed, they were described using median and interquartile range (Q1; Q3) in addition to mean, SD and ranges. Qualitative variables were expressed as raw numbers, proportions and percentages. Fisher's exact test was used to compare the success rates of DPSI and TAE both immediately and at 1-year follow-up. Student t test was used in the success group (n = 33) to evaluate the relation between the maximal sac diameter before the procedure and the absence or persistence of T2E at 1-year follow-up. It was also used for comparison of procedure time and contrast volume of both techniques. Association between the maximum sac diameter and late failures of the procedures was searched using the Mann Whitney U test. Significance was set at P < 0.05.

Results

Among the 37 patients who underwent T2E in our institution, 31/37 (84%) patients were initially treated with TAE using systematically ethylene vinyl alcohol copolymer and coils whenever feasible whereas six patients had DPSI as an initial treatment. Among the TAE patients, nine presented early or late failure: three patients were secondarily treated with DPSI and another three patients had a second TAE procedure, while the remaining three patients were closely followed-up (CTA and physical examination every 6 months) due to complex residual T2E, advanced age and multiple comorbidities. Thus, a total of 43 interventions (34 TAE and 9 DPSI) were performed with a mean number of procedures per patient of 1 ± 0.4 (SD) procedure (range:

1 -2 procedures).

Immediate success rate

Among the 37 patients treated, the feeding vessels were the inferior mesenteric artery in 14/37 patients (38%), ilio-lumbar artery in 20/37 (54%), sacral artery in 2/37 (5 %) and circumflex iliac artery in 1/37 patient (3%).

Thirty-one patients underwent a total of 34 TAE procedures. TAE was immediately successful in 32/34 procedures performed overall (94%). Immediate technical failure occurred in 2/34 patients (6%) and were subsequently successfully treated by DPSI. One patient with an iliolumbar feeding artery and another one with a lumbar feeding artery, due to inability to catheterize the aneurysmal sac during DPSI was therefore performed in a total of nine patients (nine men): six patients for an initial T2E treatment, two patients with an initial TAE treatment failure (as described above), and one patient with a late TAE treatment failure. All nine DPSI procedures were immediately successful. Initial T2E treatment was immediately successful in 35 of the 37 patients treated (95%) with the remaining two patients being successfully treated after switching to DPSI. Thus, initial T2E treatment management was immediately successful in the entire population of 37 patients.

Follow-up and progression

Mean follow-up was 26 ± 18 (SD) month (range: 12 -64 month). Four patients had recurrence of T2E with an increased sac diameter, which was considered as failed interventional radiology treatment. Among the 33 successfully treated patients, complete resolution of the T2E was observed in 22 patients (22/37; 59%) of whom 18 had TAE and four DPSI: one patient (1/37; 3 %) had sac diameter regression, 15 (15/37; 41 %) had sac stability and six patients (6/37; 16 %) had sac growth due to type 1 or type 3 endoleak and were treated accordingly (treatment for T2E was therefore considered successful in the latter patients). Sac stability with persistent T2E, was achieved in the other 11 patients (11/37; 30 %), nine of whom had been treated with TAE and two with DPSI. Mean aneurysm size was 66 ± 15 (SD) mm (range: 47 -100) at 1 month, 67 ± 16 (SD) mm (range: 44 -95 mm) at 6 months, and 68 ± 17 (SD) mm (range: 43 -101 mm) at 1 year.

When considering the different outcomes of the T2E treatment, mean aneurysm sizes at 1 month, 6 months and 1 year are shown in Table 2.

1-year success rate

Among the 29 patients initially and technically successfully treated with TAE, seven had a late failure, yielding a 76% success at 1 year (22/29): three had immediate success following a second TAE procedure, achieving sac diameter stability, one had DPSI with late failure treated surgically, and three were closely monitored due to complex residual T2E, advanced age and multiple comorbidities. Long-term success was observed in 28 of the 32 technically successful TAE procedures (28/32; 88 %).

Among the six patients initially treated with DPSI, none had a late failure yielding a 100% success rate at 1 year. In the nine patients treated with DPSI overall, one case of late failure occurred in a patient initially treated by TAE with late failure and subsequently successfully treated surgically by open aneurysmorrhaphy and intercostal artery ligation. Therefore, the overall 1-year success rate for DPSI procedures was 89% (8/9 patients).

When considering the 41 initially successful procedures, 1-year success was obtained in 36 procedures (36/41; 88%) because of the advent of four late failures with TAE and one with DPSI. 1-year success through complete T2E embolization was achieved in 22 procedures (22/41; 54 %): 18 with TAE (of 32 technically successful TAE procedures, 56%) and four with DPSI (of 9 DPSI procedures, 44%). Sac stability with persistent T2E was found after 14 procedures (10 TAE and 4 DPSI) in 11 patients: 34 % (14/41) of 10 TAE procedures (10/32; 31 %) and four DPSIs (4/9; 44 %).

Treatment was therefore successful at 1-year follow-up in 33 of the 37 patients (89%) including 22 patients (22/37; 59 %) free of T2E at long-term follow-up and 11 with persistent T2E and sac stability (11/37; 30 %). No associations were found between the maximum sac diameter and procedure failure (P = 0.57). No significant differences in pre-procedure maximum sac diameter were found at long term follow up between patients without T2E and those with persistent T2E (P = 0.1) in the successful embolization group (n = 33) (Table 2).

Secondary outcomes

The mean volume of ethylene-vinyl alcohol polymer required was 4.5 ± 3 (SD) mL (3 vials of 1.5 mL each) (range: 1.5 -13.5 mL) with a mean of 4.5 ± 3 (SD) mL (range: 1.5 -13.5 mL) for TAE and 3 ± 1.5 (SD) mL (range: 1.5 -6 mL) for DPSI. Coils were used in 21 of the 37 patients (21/37; 57 %). Mean procedure time and contrast volume were significantly different between the two techniques with respectively, 87 ± 16 (SD) min (range: 65 -120 min) and 75 ± 26 (SD) mL (range: 40 -130 mL) for TAE and 32 ± 10 (SD) min (range: 20 -50 min) (p< 0.01) and 6 ± 6 (SD) mL (range: 2 -22mL) (p< 0.01) for DPSI. For TAE, mean fluoroscopy time was 35 ± 14 minutes (range: 17; 69) and the mean dose area product (DAP) was 143 ± 75 Gy.cm 2 (range: 39 -245 Gy.cm 2 ).

No major immediate complications occurred during any of the procedures performed.

Slight migration of ethylene vinyl alcohol copolymer into the left gluteal artery was noted for a TAE of a lumbosacral artery in an 84-year-old male patient, resulting in pain in the left buttock.

The pain was relieved by standard analgesics and disappeared after 24 hours without any skin necrosis or residual pain. No major complications related to the aneurysm management occurred during hospital stay or through follow-up.

Discussion

Our study found that TAE and DPSI, are both successful immediately and at 1 year of follow-up for treating T2E using Onyx ® ± coils with 3D CBCT imaging fusion guidance. In this study, an increase in sac diameter ≥ 5 mm was an indication to treat a T2E [START_REF] Avgerinos | Type II endoleaks[END_REF] to avoid progressive development of multiple afferent and efferent vessels [START_REF] Sidloff | Type II endoleak after endovascular aneurysm repair[END_REF][START_REF] Brown | Type II endoleaks: challenges and solutions[END_REF].

Delayed incidence (≥ 12 months) of endoleak after embolization for T2E is estimated at around 14% [START_REF] Le | Evaluation of delayed dndoleak compared with early endoleak after endovascular aneurysm repair[END_REF] and consists mostly of non-T2Es. In our study, this occurred in six patients, causing an increase in sac diameter not related to recurrent T2E. This was thus not considered a treatment failure.

Even if the success rates of TAE and DPSI are similar (between 72% and 78%, respectively) [START_REF] Stavropoulos | Type 2 endoleak embolization comparison: translumbar embolization versus modified transarterial embolization[END_REF], TAE is the treatment of choice in our institution because it enables embolization of both the sac and the feeding and efferent arteries. It is therefore considered as a more successful technique theoretically as DPSI only closes the endoleak sac [START_REF] Uthoff | Direct percutaneous sac injection for postoperative endoleak treatment after endovascular aortic aneurysm repair[END_REF]. Complete embolization of the nidus is essential as the sole occlusion of a single feeding artery carries with it a high recurrence rate via recruitment of other vessels [START_REF] Nevala | Type II Endoleak after endovascular repair of abdominal aortic aneurysm: effectiveness of embolization[END_REF].

Ethylene-vinyl alcohol polymer was our choice of embolic agent due to its liquid state, permanent effect on embolization, and its advantages over glue: non-adherence [START_REF] Loh | A prospective, multicenter, randomized trial of the Onyx liquid embolic system and N-butyl cyanoacrylate embolization of cerebral arteriovenous malformations[END_REF]; cohesiveness and progressive solidification [START_REF] Kilani | Ethylene vinyl alcohol copolymer (Onyx®) in peripheral interventional radiology: Indications, advantages and limitations[END_REF]; high vascular penetration [START_REF] Vanninen | Onyx, a new liquid embolic material for peripheral interventions: preliminary experience in aneurysm, pseudoaneurysm, and pulmonary arteriovenous malformation embolization[END_REF]; and its mild inflammatory effect on the endothelium [START_REF] Kilani | Ethylene vinyl alcohol copolymer (Onyx®) in peripheral interventional radiology: Indications, advantages and limitations[END_REF]. The artefact generated by its radio-opacity does not interfere with the evaluation of the endoleak sac expansion as surveillance mainly entails sac measurements rather than the endoleak permeability.

Previous reports have addressed the feasibility and success of 3D-guidance and navigation software for T2A embolization in small populations of 10 and 8 patients [START_REF] Bai | The comparison of radiation dose between C-arm flat-detector CT (DynaCT) and multi-slice CT (MSCT): a phantom study[END_REF][START_REF] Vanninen | Onyx, a new liquid embolic material for peripheral interventions: preliminary experience in aneurysm, pseudoaneurysm, and pulmonary arteriovenous malformation embolization[END_REF]. Our study included 37 patients and grouped both T2E treatments, whether via a transarterial or a translumbar access, as one entity with the same goal, i.e., to embolize the nidus of the endoleak. Furthermore, we applied a clear, standardized protocol when choosing between TAE and DPSI, always using ethylene-vinyl alcohol polymer with 3D CBCT image fusion guidance.

CBCT guidance provides volumetric 3D acquisitions that can be combined with live fluoroscopy. When combined with a navigation software, this allows better visualization of the endoleak, facilitates catheterization, and limits the radiation dose and the use of iodinated contrast [START_REF] Wilmot | Embolization of a Recurrent Type 2 Endoleak using the liquid embolic N-butyl cyanoacrylate[END_REF][START_REF] Bai | The comparison of radiation dose between C-arm flat-detector CT (DynaCT) and multi-slice CT (MSCT): a phantom study[END_REF]. In our study, 3D imaging-fusion guidance resulted in a 100% and 94% technical success rate for DPSI and TAE procedures, respectively, compared to 14% and 73% for Marcelin et al.

[28] using conventional endovascular and percutaneous injection techniques. The significant difference in results for DPSI can be explained by using CBCT, allowing accurate planification of the puncture trajectory and precise positioning of the needle tip in the endoleak sac.

In our study, no major complications were noted during follow-up with a mean duration of 26 months. Twelve patients were followed for more than 25 months without detectable recurrence.

In our study, the mean procedure time and contrast volume were, respectively, 87 minutes and 75 mL for TAE, and 32 minutes and 6 mL for DPSI. This was significantly shorter than the 132 minutes ± 78 of mean procedure time found by Yu et al. who used standard fluoroscopic and DSA for transarterial embolization of the endoleak nidus and branch vessels [START_REF] Yu | Comparison of type II endoleak embolizations: embolization of endoleak nidus only versus embolization of endoleak nidus and branch vessels[END_REF]. Ierardi et al reported a procedure time of 74 minutes and a contrast volume of 109 ml during TAE using DP-CBCT and vessel navigation software [START_REF] Ierardi | Type 2 endoleaks in endovascular aortic repair: cone beam CT and automatic vessel detection to guide the embolization[END_REF], while Carrafiello et al performed DPSI with a median time of 45 minutes and using 13 mL of iodinated contrast [START_REF] Carrafiello | Unenhanced cone beam computed tomography and fusion maging in direct percutaneous sac injection for treatment of type II endoleak: Technical Note[END_REF], which is similar to the numbers we reported. These findings confirm the advantage of 3D image guidance compared to standard fluoroscopy and DSA.

Although CBCT navigation is commonly used and widely described in biopsies and thermal ablation procedures [START_REF] Abi-Jaoudeh | Clinical experience with cone beam CT navigation for tumor ablation[END_REF][START_REF] Cornelis | Multimodal image-guided electrochemotherapy of unresectable liver metastasis from renal cell cancer[END_REF] , reports of its use in T2E embolization is limited [START_REF] Ierardi | Type 2 endoleaks in endovascular aortic repair: cone beam CT and automatic vessel detection to guide the embolization[END_REF][START_REF] Uthoff | Direct percutaneous sac injection for postoperative endoleak treatment after endovascular aortic aneurysm repair[END_REF][START_REF] Giles | Results of transcaval embolization for sac expansion from type II endoleaks after endovascular aneurysm repair[END_REF]. In general, the use of CBCT is reserved for trained personnel (radiologists and technicians) due to Table 1. Characteristics of 37 patients who underwent endovascular embolization or direct percutaneous injection treatment for persisting type 2 endoleak and increasing sac diameter following EVAR. Table 2. Evolution of aneurysm diameters (in millimeters) before and after type 2 endoleak treatment depending on the 3 following outcomes: complete resolution of type 2 endoleak, sac stability with persistent type 2 endoleak, and sac growth with persistent type 2 endoleak.
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 1 Figure 1. Patient flow chart and type 2 endoleak (T2E) management. DPSI : direct percutaneous sac injection ; TAE : trans-arterial embolization; T2E: type 2 endoleak.

Figure 2 .

 2 Figure 2. 82-year-old man who was treated with trans-arterial embolization for a type 2 endoleak. The catheter was placed into the superior mesenteric artery via a percutaneous humeral access. A, Selective opacification on digital subtraction images shows the arc of Riolan (arrows). B, and the endoleak sac (arrowhead).

Figure 3 .

 3 Figure 3. 91-year-old woman with a type 2 endoleak treated with trans-arterial embolization. a) Dual-phase cone-beam-computed-tomography image obtained during the arterial phase shows a type 2 endoleak (arrowhead) with a left lumbar feeding artery (open arrow), b) multiplanar reconstruction of the arterial phase images generates a 3D model, overlaid on 2D live fluoroscopy, c) 3D roadmap image used to catheterize the endoleak sac during TAE shows microcatheter tip in position (arrow) d) permitting Onyx ® and coil embolization (arrowhead).

Figure 4 .

 4 Figure 4. 87-year-old man with a type 2 endoleak treated with DPSI. a) Images overlay of unenhanced cone beam CT (in red) with the CTA using XperCT ® software for trajectory planning: the graded green line shows the previewed needle trajectory, the entry point defined as the cutaneous access site and the target point, in this case the endoleak sac. b) Needle "progress view" of the planned trajectory overlaid on the 2D live fluoroscopy image, while c) shows the "entry point view". d) Unenhanced cone beam CT image in the axial plane shows the needle tip into the endoleak sac for type 2 endoleak treatmentwith direct percutaneous sac injection.

Qualitative variables are expressed as raw numbers; numbers in parentheses are proportions followed by percentages. Quantitative variables are expressed as means ± standard deviations; numbers in brackets are ranges; numbers in parentheses are medians; followed by first quartiles, and third quartiles. EVAR = ; T2E = Type 2 endoleak.

the technical aspects, its interpretation and software manipulation. However, in our institution it is routinely used during percutaneous arterial interventions such as complex EVAR [START_REF] Cornelis | Multimodal image-guided electrochemotherapy of unresectable liver metastasis from renal cell cancer[END_REF][START_REF] Giles | Results of transcaval embolization for sac expansion from type II endoleaks after endovascular aneurysm repair[END_REF][START_REF] Tacher | Feasibility of threedimensional MR angiography image fusion guidance for endovascular abdominal aortic aneurysm repair[END_REF], chemoembolization [START_REF] Tacher | How I Do It: Cone-Beam CT during transarterial chemoembolization for liver cancer[END_REF], radioembolization interventions [START_REF] Louie | Incorporating cone-beam CT into the treatment planning for yttrium-90 radioembolization[END_REF] and transjugular intrahepatic shunt porto-systemic placement [START_REF] Tacher | Three-dimensional image fusion guidance for transjugular intrahepatic portosystemic shunt placement[END_REF]. Consequently, catheter guidance and correct placement was easily achieved in our study.

The limitations of this study are the retrospective design, the small number of patients, the lack of a control group, and the limited follow-up. The choice of "sac stability" at 1 year as a success criterion may also constitute a bias since no long-term follow-up study has confirmed the absence of late progression of the aneurysm after 5 to 10 years, knowing that the endoleak sac is still not excluded from systemic circulation. In our study, no significant differences in immediate and 1-year success rates were found between DPSI and TAE.

In conclusion, TAE or DPSI treatments of T2E with ethylene-vinyl-alcohol-polymer using 3D-image fusion guidance were immediately successful in 95% of the interventions and remained effective in 88% of patients. Longer follow-up is necessary when sac stability is achieved with persistent endoleak.
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