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Y-stenting with braided stents for wide-neck intracranial bifurcation aneurysms. A single-center initial experience

niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

INTRODUCTION

Endovascular treatment is the standard first-line therapy for both ruptured and unruptured intracranial aneurysms [START_REF] Molyneux | International Subarach-noid Aneurysm Trial (ISAT) of neurosurgical clipping versusendovascular coiling in 2143 patients with ruptured intracranialaneurysms: a randomised trial[END_REF][START_REF] Cognard | Results of embolization used as the first treatmentchoice in a consecutive nonselected population of rupturedaneurysms: clinical results of the Clarity GDC study[END_REF][START_REF] Pierot | Clin-ical outcome of patients harbouring unruptured intracranialaneurysms treated by endovascular approach: results of theATENA trial[END_REF]. Wide-neck aneurysms also require adjuvant therapy to be treated safety and efficiently [START_REF] Pierot | Safety and efficacy ofballoon remodeling technique during endovascular treatmentof intracranial aneurysms: critical review of the literature[END_REF][START_REF] Pierot | Endovascular treatment of unruptured intracranial aneurysms:comparison of safety of remodeling technique and standardtreatment with coils[END_REF] owing to fact that simple coiling or balloon-assisted coiling has a high risk of coil protrusion in to the parent vessel. The use of stent-assisted coil embolization for wide-necked intracranial aneurysms has significantly expanded the range of aneurysms that are candidates for endovascular treatment [START_REF] Gentric | Balloon remodeling mayimprove angiographic results of stent-assisted coiling of unrup-tured intracranial aneurysms[END_REF][START_REF] Piotin | Stent-assisted coiling of intracranial aneurysms: clinical and angiographic results in 216consecutive aneurysms[END_REF][START_REF] Hetts | Stent-assisted coiling ver-sus coiling in unruptured intracranial aneurysms in the Matrixand Platinum Science trial: safety, efficacy, and midterm out-comes[END_REF]. However, single stentassisted coiling does not provide sufficient support when the neck of the aneurysm is centered on the bifurcation branches. In these cases, the use of two stents or Y-stenting has been proposed [START_REF] Yavuz | Double stent-assisted coilembolization treatment for bifurcation aneurysms: immediatetreatment results and long-term angiographic outcome[END_REF][START_REF] Bartolini | Y »and « X » stent-assisted coiling of complex and wide-neckintracranial bifurcation aneurysms[END_REF][START_REF] Limbucci | Y-stent assisted coil-ing of bifurcation aneurysms with Enterprise stent: long-termfollow-up[END_REF][START_REF] Chow | A novel endovascular treatment of a widenecked basilar apex aneurysm by using a Y-configuration, double-stenttechnique[END_REF]. Although more challenging from a technical point of view, this technique was shown by Limbucci et al. to have high immediate and long-term occlusion rates [START_REF] Limbucci | Y-stent assisted coil-ing of bifurcation aneurysms with Enterprise stent: long-termfollow-up[END_REF]. However, the authors also concluded that the complication and mortality rates were not negligible. Until now, the majority of reports have described Y-stenting with open-or closedcell stents, but braided Y-stenting, with stents such as LVIS and LVIS Jr (Microvention, Tustin, California, USA) and Leo and Leo Baby (Balt, Montmorency, France), is a novel option.

The waffle-cone technique is a feasible alternative to Y-stenting and consists of deploying the distal end of a dedicated stent, such as pCONus (Phenox GmbH, Bochum, Germany) and PulseRider (Pulsar Vascular, San Jose, California, USA), inside the aneurysm sac and the proximal end in the parent artery. Coiling is performed through the expanded distal end of the stent. The main advantage of this technique is that both branches of the bifurcation are not involved in endovascular treatment. Small retrospective studies have evaluated and reported its safety and efficacy [START_REF] Aguilar-Pérez | Coil occlusion of wide-neck bifurcation aneurysms assistedby a novel intra-to extra-aneurysmatic neck-bridgingdevice (pCONus): Initial experience[END_REF][START_REF] Gory | pCONus devicefor the endovascular treatment of wide-neck middle cerebralartery aneurysms[END_REF][START_REF] Spiotta | Initial experi-ence with the PulseRider for the treatment of bifurcationaneurysms: report of first three cases in the USA[END_REF]. The use of flow diverters in wide-neck bifurcation aneurysms (WNBA) remains controversial owing to inconsistent patency of bifurcation branches covered by the stent and poor occlusion of the aneurysm at follow-up angiograms [START_REF] Gawlitza | Flow diversion treatment of complex bifurcation aneurysmsbeyond the circle of Willis: a single center series with spe-cial emphasis on covered cortical branches and perforatingarteries[END_REF]. Targeted, large prospective multicenter studies are needed to evaluate the safety and efficacy of this treatment specifically for WNBA. Intrasaccular flow disruption devices, such as WEB (Woven EndoBridge; Microvention, Tustin, California, USA) are presently a feasible and efficient means of WNBA treatment; moreover, retrospective and prospective studies confirmed the high safety level and low morbidity and mortality rates [START_REF] Pierot | WEB treatment of intracra-nial aneurysms: clinical and anatomical results in the FrenchObservatory[END_REF][START_REF] Pierot | Clinical and anatomical follow-up inpatients with aneurysms treated with the WEB device: 1-yearfollow-up report in the cumulated population of 2 prospec-tive, multicenter series (WEBCAST and French Observatory)[END_REF]. Despite the advantages of flow diversion in the case of complex irregular shapes and bi-lobed aneurysms or asymmetrical bifurcations, placing the WEB device proved to be unfeasible or at least very challenging, and in some cases in our department we shifted to the use of single-or Y-stent techniques. Here, we report our single-center experience of braided Y-stent assisted coiling, with clinical and neuroradiological peri-procedural and follow-up results, in order to evaluate the safety and long-term results of this technique.

MATERIALS AND METHODS

Population.

We retrospectively reviewed interventional neuroradiology database records to identify patients in whom Y-stenting with the two available braided stents -Leo Baby (Balt, Montmorency, France) and LVIS Jr (Microvention, Tustin, California, USA) -had been performed. We identified six patients treated with this technique in our institution between April 2014 and October 2017. Demographic data, aneurysm location and size are summarized in Table 1. All aneurysms were unruptured, four of them were primary endovascular treatments, and two were elective treatments for recurrence of previously coiled ruptured aneurysms. In all cases, the aneurysm neck was wide, with an average dome to neck ratio of 1.49.

Endovascular procedure

Dual antiplatelet therapy was given 2 days before the procedure as in standard stent-assisted coiling treatment. In all patients, endovascular treatment was performed using a biplane angiography unit with three-dimensional rotational capability (Allura; Philips, Best, The Netherlands) under general anesthesia and systemic heparinization. After the procedure, dual antiplatelet therapy (ticagrelor 2 × 90 mg/day and aspirin 160 mg/day) was administered for the first 3 months, and aspirin 160 mg/day alone was administered for the following 9 months. A baseline activated clotting time (ACT) was obtained prior to the bolus infusion of heparin (30 to 50 IU/kg body weight), and hourly thereafter. The bolus infusion of heparin was followed by a continuous drip (1000 to 1500 IU/h), with the purpose of doubling the baseline ACT. From the femoral arterial access, a 6 Fr 90 cm introducer sheet (NeuronMax 6F (Penumbra , Alameda, California)) was navigated into the internal or common carotid artery and a distal-access catheter (Fargomax 6F (Balt, Montmorency, France)) was coaxially positioned into the internal carotid artery. In all procedures, the most challenging branch of the bifurcation was first catheterized in order to place the first stent using a 0.0165-0.017-inch microcatheter (Vasco 10 (Balt, Montmorency, France) or Headway 17 or Duo (Microvention, CA, USA)). Two types of low-profile stents were used: the Leo Baby stent (Balt, Montmorency, France), and the LVIS Jr. stent (Microvention, CA, USA). The same microcatheter and microwire were used to pass through the first stent's interstices into the second bifurcation branch; at this step no procedure failed, and no kinking of the stent occurred. In all cases, stent deployment was followed by coil embolization of the target aneurysm, whereby a 0.017-0.020-inch micro-catheter (Echelon 10 (Medtronic) or Headway Duo (Microvention)) was navigated through the deployed stent cells and into the aneurysm dome. In all procedures, passing through both stents studs with 0.012 -0.014-inch microguidewire was achieved without any technical incident. Finally, the aneurysm was coiled using detachable coils.

Complications

No intra-procedural or delayed thromboembolic or hemorrhagic complication was reported for all six cases treated in our department.

Follow-up protocol

At the end of the procedure, immediate control angiograms were obtained from all patients. Modified Raymond-Roy occlusion classification (RROC) was used for grading the occlusion status of coiled aneurysms. Patients underwent digital subtraction angiography (DSA) at 12 months (all six patients) and 36 months (four out of six patients) to reassess filling status of the coiled aneurysm, in-stent stenosis, and thrombosis. The modified Rankin scale was used for scoring neurologic status at discharge and follow-up.

RESULTS

All six treated aneurysms were unruptured. Procedural details and follow-up angiographic results are shown in Table 1. Treatment was successfully performed in all six cases. Angiographic results were categorized according to the revised RROC into one of the following groups: complete occlusion (RR1), remnant neck (RR2), or residual aneurysm (RR3) by two senior neuroradiologists in consensus. All cases were classified as RR1 at longterm follow-up DSA. There was no evidence of in-stent stenosis or thrombosis during followup angiographies.

DISCUSSION

Stent-assisted coiling has been accepted worldwide for the treatment of wide-neck cerebral aneurysms over treatment with conventional coiling owing to higher rates of complete occlusion and lower rates of recurrence at long-term follow-up. However, treatment of WNBA and fusiform aneurysms still remains challenging and frequently requires a second stent (that is, a Y-, X-or waffle-cone-stenting configuration [START_REF] Bartolini | Y" and "X" stent-assisted coiling of complex and wide-neck intracranial bifurcation aneurysms[END_REF][START_REF] Saatci | X-configured stent-assisted coiling in the endovascular treatment of complex anterior communicating artery aneurysms: a novel reconstructive technique[END_REF]) or dedicated endovascular stents such as pCONus, PulseRider, and Barrel stent [START_REF] Piotin | The Barrel VRDTM vascular reconstruction device for the treatment of wide-neck bifurcation aneurysms[END_REF]. There are currently little clinical data on these last three devices available. Despite the potential benefit of single stent-assisted coiling, complex aneurysms can pose a significant challenge for achieving immediate and durable embolization. Specifically, for wide-necked aneurysms located at shallow angle arterial bifurcations, single stent-mediated coiling may provide insufficient support of the coil mass to prevent coil herniation through the aneurysm neck.

A special situation is represented by the aneurysms with branches incorporated in the aneurysm base; Kim et al. [START_REF] Kim | Endovascular coil embolization of aneurysms with a branch incorporated into the sac[END_REF] published a study with 68 patients with 78 intracranial aneurysms treated with multiple endovascular techniques: single-catheter coiling, multicatheter coiling, balloon-assisted coiling, stent-assisted coiling, and combined techniques. They have reported 5.8% morbidity and no mortality. At follow-up, 10/55 (18%) intracranial aneurysms had a recanalization, of which six were retreated, which is a notable proportion and, moreover, retreatments are even more challenging in this situation. On the same topic Lubicz et al. [START_REF] Lubicz | Stent-assisted coiling of wide-neck bifurcation aneurysms with a branch incorporated in the aneurysm base: long-term follow-up in 49 patients with 53 aneurysms[END_REF] published their retrospective review of 49 patients with 53 WNBA treated by stent-assisted coiling. The branch that was associated with the aneurysm base was not stented, and they used three types of stents: 42 cases with the Enterprise stent, 4 cases with the Leo Baby stent, and 7 cases with the LVIS Jr stent. They have reported that 5.7% of cases had intra-procedural thromboembolic complications. At long-term follow-up they reported that 63.8% of cases had near-complete occlusions, 27.7% had neck remnants and 8.5% had incomplete occlusions.

In 2004, Chow et al detailed the Y-stent technique [START_REF] Chow | A novel endovascular treatment of a widenecked basilar apex aneurysm by using a Y-configuration, double-stenttechnique[END_REF], whereby double open-cell Neuroform stents (Boston Scientific, Fremont, CA, USA) were deployed sequentiallyfirst, proximal to the arterial bifurcation, and then into each arterial branch followed by coiling of the aneurysm sac. This represented an efficient endovascular solution for bifurcation lesions that are too complex for coiling alone, remodeling technique, or singlestent assisted coiling. Several authors have evaluated this technique in retrospective singlecenter studies, mostly including unruptured aneurysms [START_REF] Yavuz | Double stent-assisted coilembolization treatment for bifurcation aneurysms: immediatetreatment results and long-term angiographic outcome[END_REF][START_REF] Bartolini | Y »and « X » stent-assisted coiling of complex and wide-neckintracranial bifurcation aneurysms[END_REF][START_REF] Limbucci | Y-stent assisted coil-ing of bifurcation aneurysms with Enterprise stent: long-termfollow-up[END_REF]. The safety was relatively limited: Bartolini et al. reported 10.0% procedure-related permanent neurologic deficits and 1.0% death [START_REF] Bartolini | Y »and « X » stent-assisted coiling of complex and wide-neckintracranial bifurcation aneurysms[END_REF]. However, in other studies, the rate of intra-procedural complications was lower, with 4.2% in the study by Limbucci et al. and 2.7% in the study by Yavuz et al. with mortality rates of 2.1% and 0.5%, respectively [START_REF] Yavuz | Double stent-assisted coilembolization treatment for bifurcation aneurysms: immediatetreatment results and long-term angiographic outcome[END_REF][START_REF] Limbucci | Y-stent assisted coil-ing of bifurcation aneurysms with Enterprise stent: long-termfollow-up[END_REF]. At long-term follow-up, the rate of complete aneurysm occlusion was high with 85.8% in the Bartolini study, 95.7% in the Yavuz study, and 93.6% in the Limbucci study.

Several types of stents can be used for Y-stenting; mainly open-cell stents (Neuroform, Stryker Neurovascular, Fremont, California,USA) or closed-cell stents (Enterprise, Codman, Miami Lakes, Florida, USA) have been reported. Several stent combinations were also reported, including the use of two closed-cell stents, two open-cell stents, or both open-and closed-cell stents. Other endovascular approaches, such as flow-diverter stents, are controversial WNBA treatments and have not yet been evaluated in large prospective studies [START_REF] Pierot | Endovascular techniques for the management of wide-neck intracranial bifurcation aneurysms: a critical review of the literature[END_REF][START_REF] Caroff | Flow-Diverter Stents for the Treatment of Saccular Middle Cerebral Artery Bifurcation Aneurysms[END_REF][START_REF] Saleme | Flow-diverting stents for intracranial bifurcation aneurysm treatment[END_REF]. Safety issues linked to the potential delayed or intra-procedure thromboembolic events in the covered branch are a major concern regarding the utility of this technique in cases of WNBA.

Intrasaccular flow disruption devices, such as the WEB device, are specially designed for the treatment of WNBA and have shown a high level of safety, with morbidity and mortality at 1-month post-procedure of 2.7% and 0.0%, respectively [START_REF] Pierot | Clinical and anatomical follow-up inpatients with aneurysms treated with the WEB device: 1-yearfollow-up report in the cumulated population of 2 prospective, multicenter series (WEBCAST and French Observatory)[END_REF]. The efficacy of this technique also proved to be higher than single-stent assisted coiling, and adequate occlusion was reported in 82.0% of cases at 12 months follow-up (complete occlusion: 56.0% and neck remnant: 26.0%). Despite progressive technological improvements, such as the replacement of dual layer by single layer versions, and progressive decreases in the diameter of the microcatheter used to deliver the device, there are still bifurcation aneurysms with challenging anatomy which are not suitable for this technique. In this category we identified several particular anatomical conditions: a dome to neck ratio below 1,5; asymmetry between the aneurysm plan and the bifurcation plan; poly-lobed bifurcation aneurysms; and the incorporation of the bifurcation branch in the aneurysm base. In those specific situations, we found the WEB technique was attempted without satisfactory angiographic results owing to device protrusion or incomplete filling of the aneurysm sac. The treatment, due to dual antiplatelet premedication, was changed to single or Y-stenting with regards to the anatomical situation of each case. In one case (Fig. 2 -patient 4), owing to WEB device protrusion, Y-stenting with two LVIS Jr 2.5*17mm braided stents was performed, and complete coiling of the aneurysm sac has achieved the total occlusion. From a technical point of view, one of the main advantages of Y-stenting is represented by the small size of the stent micro-catheter (0.017-inch internal diameter and 1.9F outer diameter) compared with closed-and open-stents, which require larger diameters (0.021-inch internal diameter and 2.3F outer diameter). From this perspective, catheterization of the supra-selective bifurcation branch proved to be safer and more feasible, even in acute branch angles, as in cases 2 and 4 (Fig. 2 -patient 2 and 4). All first and second stents were deployed in all six cases, and no in-stent stenosis, kinking or in-stent acute or delayed thrombosis was recorded during endovascular procedure or at the follow-up DSA. There is high visibility of both stents (LeoBaby and LVIS Jr) by fluoroscopy, owing to the two radiopaque wires that are inserted along the device; this property means deployment control is more accurate than laser-cut stents. The lumen size, when the stent is fully expanded, is 1.5 mm for the LVIS Jr stent and 0.9 mm for the LEO Baby stent. In theory, it is easier to pass the 0.014-inch microwire between LVIS JR struts than the LeoBaby stent, but we found no difference regarding this aspect in our department. The main advantage of the braided non-laser-cut stent is the potential to be re-sheathed into the delivery micro-catheter until it is 80% released.

Vaso-CT image acquisition was performed after each stent deployment in a Y-configuration in order to certify the optimal positioning of both devices and to exclude any twisting or kinking before passing the stents struts for placing the micro-catheter for coiling. In all six cases, the microwire and micro-catheter were successfully placed inside the aneurysm sac after previous placement of both stents in the Y-configuration. Coiling of the aneurysm sac was achieved using coils that were 1 mm smaller than aneurysm maximal diameter. This strategy allowed safe coiling of the sac and also avoided the micro-catheter expulsion from the aneurysm. In the current study, the initial immediate angiographic result was complete occlusion in all six cases, and no recanalization occurred during long-term follow-up. We found that this type of technique is useful in cases of asymmetrical WNBA, in which a WEB device is not a feasible solution.

In the same time we are aware of the strong limitation of our small number of aneurysms treated by this technique and certainly further prospective studies comparing this technique with Neuroform, Enterprise or Atlas Y-stenting is needed in order to quantify the potential complication rates, long term angiographic outcomes.

CONCLUSION

WNBA remains challenging to endovascular treatment, although new devices that are dedicated to this type of anatomy are available. Braided Y-stent-assisted coiling is feasible and safe for selected patients and represents a new tool in our field. Two braided stents can be safely used for Y-stenting and offer the advantage of easier catheterization, delivery and deployment into distal and tortuous vessels than open or closed-cell stents. However, further study using this technique in a prospective study with a large population and a long follow-up period is warranted.
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