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First-in-Human Implant of the Cephea Transseptal Mitral Valve Replacement System

Transcatheter mitral valve replacement (TMVR) is a novel therapeutic approach which aims to treat patients with severe mitral regurgitation (MR) who are at a high-risk for surgery. The great majority of TMVR technologies under investigation use either transapical access [START_REF] Regueiro | Transcatheter mitral valve replacement: insights from early clinical experience and future challenges[END_REF] or the transseptal approach via dedicated multistep anchoring systems. [START_REF] Ussia | Percutaneous transfemoral-transseptal implantation of a second-generation CardiAQ mitral valve bioprosthesis: first procedure description and 30-day follow-up[END_REF][START_REF] Barbanti | Transcatheter mitral valve implantation using the HighLife system[END_REF] In this article, we report the first-in-human implant of a novel percutaneous transvenous transseptal valve replacement technology (Cephea Valve Technologies, Santa Clara, CA) in a high-risk symptomatic patient with severe MR.

Case Description

The patient treated was an 83-year-old woman with history of nonischemic congestive heart failure (class III New York Heart Association), atrial fibrillation, and moderate chronic kidney disease (glomerular filtration rate =42 mL/min). The patient was referred to the Heart Valve Clinic at Lille University Hospital due to the recurrence of her symptoms, leading to multiple hospitalizations over the past year. Echocardiographic imaging confirmed severe MR due to P3 prolapse with a flail leaflet and chordae ruptures associated with severe noncircumferential calcifications predominantly on the posteromedial commissure and posterior leaflet (P3-P2, Figure 1). The left ventricle was small and hyperdynamic, with an estimated ejection fraction of ≈75%. Also, the patient had moderate aortic stenosis with a trans-valvular gradient of 15 mm Hg. The patient was rejected for open valve surgery or any other catheter-based therapies due to the high-risk clinical profile (Society for Thoracic Surgeons-Score= 6.9%), extensive annular calcifications, and high risk of left ventricular outflow tract (LVOT) obstruction. The indication and therapeutic approach were discussed by a multidisciplinary Heart team, and the procedure performed under both governmental and hospital approval. 

Cardiac Computed Tomography Image Analysis

Cardiac computed tomography analysis was performed using a dedicated planning analytical software (3-mensio version 9.1; Pie Medical Imaging, Maastricht, the Netherlands). The mitral annulus was reconstructed using a semiautomated, cubic spline method. Neo-LVOT analysis was performed by creating an LVOT centerline and measuring the residual area in the LVOT not encroached upon by a virtually implanted valve. Transseptal access planning was performed using a virtual catheter workflow with the known properties of the catheter employed during the procedure. Full preprocedural cardiac computed tomography measurements are listed in the Table. 

Device Description and Deployment Sequence

The device used in this procedure is one of the few using the transseptal approach to deliver and anchor a trileaflet pericardial valve. The valve design consists of a unique architecture including a ventricular disk, a central leaflet core, and an atrial disk. The Cephea valve uses its intrinsic architecture to anchor on the mitral annulus by using axial compression forces and avoiding the use of subvalvular anchors, pads, or tethers. Following septal crossing, the distal edge of the valve is positioned below the level of the mitral annulus. Then, under echo guidance, the ventricular disk is slowly deployed at the level of the mitral leaflets. At the present time, the valve can only be recaptured before the completion of this first step. After completing full ventricular disk deployment, mitral annular coaptation is achieved, and the atrial disk is delivered resulting in capture of the mitral annulus. The valve delivery system is introduced via dedicated venous sheath and tracked over a customized 0.032-inch coiled wire.

Procedural Description

The interventional procedure was performed under general anesthesia and transesophageal echocardiographic guidance. Femoral vein access was performed using standard surgical cutdown techniques. Transseptal puncture was performed inferior and posterior to the fossa ovalis at 4.2 cm from the mitral valvular plane. Predilatation of the septum was performed using a 10×20-mm standard peripheral angioplasty balloon. A dedicated coiled wire was placed into the left ventricle, and the delivery system tracked over the wire. No temporary pacemaker lead was implanted. The delivery system allows for the correction of angulation entry bias allowing the proper position of the valve in a coaxial position. Once in position, the ventricular disk was deployed without the use of rapid pacing and anchored under the subannular region (Figure 2). Following full mitral annular coaptation, the atrial disk was fully delivered achieving axial annular anchoring. Following valve implantation, the patient showed full hemodynamic stability, and there was no need for the use of vasopressors. The delivery system was removed, and the femoral vein access site surgically closed. 

Discussion

TMVR is rapidly emerging as a therapeutic alternative for high-risk surgical patients. The TMVR device described in this report is one of the few using the transseptal approach to deliver a valve prosthesis using a single venous access and without the need for rapid pacing.

The intrinsic architecture of the Cephea device allows anchoring onto the mitral annulus using axial compression forces while avoiding the use of anchors, pads, or tethers.

Experimental studies have demonstrated the feasibility of transseptal implantation and longterm healing response of the valve. The first successful human implantation of this device opens an opportunity for the further development of this technological field. First, the percutaneous transseptal approach has the advantage of avoiding the potential complications related to transapical access. Second, due to its less invasive approach, it has the potential to decrease complications related to the conventional surgical approach. Third, the ability to implant without rapid ventricular pacing avoids the complications inherent to this common method of implantation. This is particularly relevant in functional MR patients with preexisting left ventricular dysfunction. Finally, the low profile of the valve implanted allowed the successful treatment of a patient with a small ventricular cavity at risk of LVOT obstruction with modest increase in LVOT gradients that have remained stable up to 7months of clinical follow-up.

Although this first-in-human implant is an important first step towards the development of this novel approach, multiple unanswered questions still remain. However, the feasibility of replacing a mitral valve using a minimally invasive transseptal approach opens an exciting opportunity to treat high-risk MR patients. The recent COAPT study (Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Therapy for Heart Failure Patients With Functional Mitral Regurgitation) showed a 2-year mortality benefit among congestive heart failure patients undergoing mitral edge-to-edge repair, especially among the patients in which the degree of MR was significantly reduced. [START_REF] Stone | Transcatheter mitral-valve repair in patients with heart failure[END_REF] Thus, due to its minimally invasive nature and the potential to completely abolish MR, TMVR has the potential to drastically improve outcomes in high-risk surgical patients. 
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Figure 1 .

 1 Figure 1. Baseline transesophageal echocardiographic (TEE) imaging.A, Three-dimensional TEE surgical view of the mitral valve from the left atrial view during diastole. Notable features include an asymmetrical opening (red circle) and mitral annular ectopic calcification (red arrows). B, Degenerative chordae are seen in the atrium during systole (red arrows). C and D, Severe, eccentric mitral regurgitation is demonstrated. C, Commissural view with regurgitant jet visualized along the full extent of the mitral commissures. D, Threechamber view showing the anteriorly eccentric nature of the jet in the setting of posterior leaflet flail.

Figure 2 .

 2 Figure 2. Cardiac computed tomography (CT) preprocedural planning.A, Volume rendering reconstruction of the mitral annulus. Hemicircumferential calcium is present from 2 to 7

Figure 3 .

 3 Figure 3. Valve implantation sequence.A, Transseptal puncture guided by biplane and 3dimensional transesophageal echocardiography (TEE). Planned puncture location by multidetector computed tomography (MDCT) was achieved inferior (red dot) and ≈4.5 cm basal to the mitral annulus (blue dotted line). B, Fluoroscopic positioning of the valve partially using annular calcification (red dot) as a landmark. C, Valve deployed successfully with excellent anchoring. D, Postdeployment 3-dimensional (3D)-TEE imaging from the surgical view; left atrial aspect during diastole shows normal leaflet opening of the newly implanted bioprosthesis. E, The valve frame demonstrates good expansion into the

Figure 4 .

 4 Figure 4. Follow-up cardiac computed tomography (CT) 2 wk post-implant and transthoracic echocardiography (TTE) 8 wk post-implant.A, CT maximum intensity projection of the valve in long-axis. The valve appears well-seated and apposed to the posterior annular calcification and aortic mitral curtain. B, CT maximum intensity projection demonstrating expansion into the medial and posterior ectopic calcification at the mitral annulus (red arrows). C, Adequate neo-left ventricular outflow tract (LVOT) area of 149 mm 2 in the 30% midsystolic CT phase. D, Follow-up TTE parasternal long-axis imaging demonstrating good valve position. E, Low mean trans-mitral gradients of ≈3 mm Hg. F, Residual LVOT gradient of 22 mm Hg.

Table .

 . Baseline Cardiac CT Measurements in Systolic and Diastolic Phases

	Parameter	Diastole
	Annulus area, mm 2	720
	Annulus perimeter, mm	101.9
	C-C diameter, mm	34.2
	A-P diameter, mm	25.5
	T-T distance, mm	20.4
	ALPM to annulus distance, mm	17.2
	PMPM to annulus distance, mm	14.4
	Atrial septum height, mm	50.0
	Left atrium height, mm	68.0
	LVOT area, mm 2	N/A

A-P indicates anteroposterior; ALPM, anterolateral papillary muscle; C-C, commissure to commissure; CT, computed tomography; LVOT, left ventricular outflow tract; PMPM, posteromedial papillary muscle; and T-T, trigone to trigone.
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