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Case Report



Valve-in-Valve-in-Valve: Degenerated Transcatheter Heart Valve within Degenerated Surgical Bioprosthetic Aortic Valve Treated with Second Transcatheter Heart Valve
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Abstract

:

Currently, transcatheter aortic valve replacements within degenerated surgical bioprosthetic aortic valves (valve in valve) are increasing in frequency with studies supporting their safety and efficacy. We present the rare case of a patient requiring a second transcatheter bioprosthetic aortic valve placed within a previously placed degenerated transcatheter aortic valve, which was implanted in a degenerated surgical bioprosthetic aortic valve. The procedure was performed using a percutaneous cardiopulmonary bypass with TandemLife for hemodynamic support.
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1. Introduction


Transcatheter aortic valve replacement (TAVR) is gaining an increasingly important role in the treatment of symptomatic patients with severe aortic stenosis (AS) [1,2,3]. Due to concerns around the longevity and durability of bioprosthetic valves, the use of transcatheter heart valves (THV) within degenerated surgical bioprosthetic valves has become an important field of study, especially in high-risk surgical patients. Among patients that are at high risk of complications of surgical aortic valve replacement (AVR), valve-in-valve (ViV) TAVR is an attractive and safe alternative [4]. We report the case of an aortic valve replacement in a high-risk patient who had previously undergone ViV TAVR.




2. History


A 68-year-old male with a history of heart failure and reduced ejection fraction (HFrEF), and with a left ventricular ejection fraction (LVEF) of 30%, hypertension, hyperlipidemia, and cirrhosis secondary to nonalcoholic steatotic hepatitis (NASH) was referred for symptomatic severe bioprosthetic aortic valve stenosis. He had a surgical AVR with a 21 mm Carpentier–Edwards PERIMOUNT aortic heart valve 13 years ago, followed by TAVR with a 23 mm Edwards Sapien XT valve three years ago. The bioprosthesis was initially selected because of a concern for the compliance with anticoagulation, and the patient had progressively worsening fatigue and dyspnea on exertion, and the transthoracic echocardiogram (TTE) showed severe aortic stenosis with a peak velocity of 4.1 m/s, mean aortic valve gradient of 40 mmHg and area of 0.78 cm2. The aortic valve velocity is shown in Figure 1. Informed consent was obtained from the patient.



He was deemed high risk for surgical AVR due to repeated sternotomy, HFrEF, cirrhosis, and frailty, and the Society of Thoracic Surgery (STS) risk score was calculated at 8.4%. After a multi-disciplinary heart team discussion, it was decided to proceed with percutaneous approach to treat the prosthetic aortic valve stenosis. A plan was made to perform fracture of the Carpentier–Edwards PERIMOUNT valve in order to fully expand the existing 23 mm Edwards SAPIEN XT transcatheter heart valve (THV). The major risk for this procedure was acute valvular regurgitation, and the concern for the intolerance of this complication in the presence of low EF. As a result, we decided to have another THV on standby for deployment, choosing a 26 mm Medtronic CoreValve Evolut-R based on pre-TAVR planning computed tomography angiography. To avoid hemodynamic instability in the setting of prolonged rapid ventricular pacing during valve fracture and the potential risk of acute aortic regurgitation after valve fracture, a percutaneous cardiopulmonary bypass with the TandemLife® was undertaken. Furthermore, we were prepared to place an Impella® CP percutaneous left ventricular device via the right axillary artery approach to decompress the left ventricle in case the patient required prolonged support with TandemLife in the setting of uncorrected acute severe aortic regurgitation.




3. Procedure


The procedure was performed under general anesthesia, using fluoroscopic and Transesophageal echocardiogram (TEE)guidance. Access for the TandemLife® was obtained in the left common femoral artery and right common femoral vein and both arteriotomy and veinotomy sites were “pre-closed” using two Perclose Proglide (Abbott Inc., Abbott Park, IL, USA) suture mediated vascular closure devices. A 22-French TandemLife® venous cannula in the right common femoral vein, and a 17-French TandemLife® arterial cannulae in the left common femoral artery was placed. The cannulae were then connected to the TandemLife® pump attached to an oxygenator. A cardiopulmonary bypass was initiated at a flow rate of 1.5 to 2 L per minute. Next, a 5 French balloon-tipped transvenous pacer was placed via a 7 French sheath in the left common femoral vein. The transvenous pacer was placed at the apex of the right ventricle, and threshold testing was performed confirming excellent position of pacer and capture. The right common femoral artery was then accessed and “pre-closed” using two Perclose Proglide suture mediated closure devices. A 14 French dry Gore Sheath (Gore Inc., Newark, Delaware, USA) was placed in the right common femoral artery through which a 6 French Judkins Right 4 (JR4) catheter and stiff angled Glidewire (Terumo, Somerset, NJ, USA) was used to cross the aortic valve. The JR4 was exchanged for a 6 French pigtail catheter, through which an Amplatz Super Stiff wire (Boston Scientific, Boston, MA, USA) was advanced into the apex of the left ventricle. The 26 mm Medtronic CoreValve Evolut-R was prepped and loaded onto the back table, if needed. Over the Amplatz Super Stiff wire, a 22 mm True balloon (Bard Inc., Tempe, AZ, USA) was placed in the aortic valve position. Rapid right ventricular pacing was initiated at 180 beats per minute, and the True balloon was inflated up to 12 atmospheres as shown in Figure 2, at which time the Carpentier–Edwards Perimount surgical bioprosthetic valve was fractured.



Post valvuloplasty, the patient developed significant acute aortic regurgitation with hemodynamic instability as shown in Figure 3.



Tandem Life® support was increased to 4 L per minute. At this point, the Gore dry seal sheath was removed from the right femoral artery, and the 26 mm Medtronic CoreValve EvolutR valve delivery system was introduced via the right femoral artery via its in-line sheath, advanced into position across the valves as shown in Figure 4, and deployed in standard fashion with right ventricular pacing at 100 beats per minute.



The CoreValve position was confirmed by TEE and fluoroscopy before its deployment. The rotational fluoroscopic view of is shown in Figure 5. TEE and aortogram showed a well-seated transcatheter aortic valve with trace perivalvular leak and good positioning of the prosthesis.



The valve delivery catheter was removed from the wire and the 16 French Gore dry seal sheath was reinserted. A dual lumen pigtail catheter was placed into the left ventricle over the wire and hemodynamic measurements were obtained. The post procedural aortic valve mean gradient was noted to be 11 mmHg, and aortic regurgitation was mild with an index of 22% with trace paravalvular leak as shown in Figure 6.



The TandemLife® support was discontinued. The left common artery cannula was removed, and the Perclose sutures were tied. The right common femoral vein cannula and right common femoral artery sheath were removed, and the Perclose sutures were tied. The patient was transferred to the ICU in stable condition and was discharged two days after the procedure. At one month’s follow up, TTE showed a well-seated valve with no paravalvular leak and transvalvular mean gradient of 12 mmHg.




4. Discussion


TAVR is gaining an increasingly important role in the treatment of symptomatic patients with severe AS and is approved by the food and drug administration (FDA) for low, intermediate, high, and extreme risk patients. In recent years, we have seen an increased trend towards the use of bioprostheses due to the increased risk of bleeding and thrombotic complications with mechanical prostheses [1,2,3]. Despite the benefits, biological tissue used in both surgical and transcatheter bioprostheses is prone to structural valve degeneration (SVD). The incidence of SVD is ≤15% during the first decade post-SAVR, but its incidence progressively increases thereafter [4]. Ten-year follow-up data on TAVR are scarce. Dvir reported a study totaling 378 patients followed for up to 10 years post-TAVR [5]. Out of 35 cases, aortic regurgitation was found in two third of cases, while one third had stenosis or mixed presentation. Clinically relevant SVD would be defined as an increase in mean transvalvular gradient >20 mmHg with a concomitant decrease in the effective orifice area (EOA) >0.6 cm2 (and/or decrease in Doppler velocity index >0.15), leading to severe AS according to current guidelines [6,7].



SVD is a multifactorial process mediated by connective tissue calcification and leaflet degradation leading to valve stenosis and/or regurgitation. Bovine pericardial valves tend to have greater propensity for stenosis whereas porcine valves tend to have greater tendency for leaflet tear. Predictors of surgical aortic bioprosthesis dysfunction include patient-related factors such as lower age and higher BMI, cardiovascular and comorbid factors include smoking, diabetes, dyslipidemia, and renal insufficiency. Valve related factors include left ventricular hypertrophy, small prosthesis size, and prosthesis-patient mismatch. Although long-term data is limited, potential TAVR specific factors that may accelerate structural valve degeneration include leaflet damage during crimping, asymmetric expansion with suboptimal leaflet coaptation and incomplete frame expansion leading to leaflet-frame interaction with increased mechanical stress. Combined with an aging population, these factors are likely to result in increasing numbers of patients presenting the structural degeneration of aortic bioprostheses [8].



The treatment for bioprosthetic SVD has conventionally been surgery. However, reoperation for failed surgical valves carries important risks. [9,10,11] ViV TAVR has recently emerged as a less invasive treatment for patients with degenerated bioprostheses. Along with the factors that affect the feasibility of TAVR in general, the utility of ViV TAVR also is affected by the size and design of the original surgical bioprosthesis. The use of a hemodynamically favorable aortic bioprosthesis at the time of the initial surgical AVR is of special importance, because this can affect the feasibility and outcomes of future ViV TAVR procedures [9,10].



A major concern with ViV TAVR is the development of patient–prosthesis mismatch (PPM). PPM is defined as any situation in which the effective orifice area (EOA) of a prosthetic valve is smaller than the orifice of the patient’s native aortic valve; severe aortic PPM is defined as an indexed EOA ≤0.65 cm2/m2 [12]. PPM is especially concerning in ViV TAVR patients as the TAVR prosthesis is implanted within the frame of the previous valve which can result in a smaller EOA. One technique used to prevent the development of PPM is bioprosthetic valve fracture (BVF). This technique is performed by placing a non-compliant valvuloplasty balloon within the surgical prosthetic valve frame and then using high-pressure balloon inflation to fracture the surgical sewing ring of the bioprosthetic valve [13]. Saxon et al. published a review summarizing evidence that supports the concept of fracturing the surgical bioprosthetic valve ring with a high-pressure balloon inflation in order to dilate and permit further expansion of the prosthetic valve area, improving hemodynamic results in such patients [13].



Also discussed is the benefit of using a bioprosthetic aortic valve with supra-annular leaflet positioning (e.g., CoreValve Evolut, Medtronic, Minneapolis, MN, USA) in order to obtain a larger EOA due to the supra-annular position of the prosthetic leaflets, and a higher valve implant depth which may improve inflow dynamics and augment the effective EOA [13,14,15,16,17]. This was the reason we decided to use the Medtronic CoreValve instead of an Edwards SAPIEN valve (Edwards LifeSciences, Irvine, CA, USA) in our patient.



The PARTNER 2 (Placement of Aortic Transcatheter Valves 2) trial was a prospective, multicenter study that enrolled patients with symptomatic AS [4]. ViV procedures were performed in 365 patients and it was concluded that among high-risk patients with degeneration of a bioprosthetic surgical aortic valve, ViV TAVR was associated with better outcomes after one year. The PARTNER 3 trial to assess the safety and effectiveness of the SAPIEN 3 (Edwards Lifesciences, Irvine, CA, USA) in patients with a failing aortic bioprosthetic valve started enrolling patients in January 2017 and the estimated primary completion date is in December 2021.



The VIVID (Valve-In-Valve International Data) Registry is the largest registry to date examining outcomes of the transcatheter valve-in-valve procedure in 459 patients, of whom 30% had severe prosthetic valve regurgitation and 30% had combined regurgitation and stenosis. The overall one-year survival rate was 83.2% [18]. In nonrandomized studies and a systematic review comparing outcomes and safety of the transcatheter valve-in-valve procedure with repeat surgical AVR, the valve-in-valve procedure had similar hemodynamic outcomes, lower stroke risk, and reduced bleeding risk as compared with repeat surgery [19]. The transcather valve in valve procedure has no long-term data available.



Given the above results, among patients at high risk for complications during second surgical AVR, ViV TAVR is an attractive alternative. Current AHA/ACC guidelines state that ViV TAVR is an acceptable alternative second surgery to treat high- and extreme-risk patients with bioprosthetic aortic valve stenosis (stenosis, insufficiency, or combined) in the absence of active infective endocarditis (Class II, LOE A) [6,20].




5. Conclusions


With the increasing use of TAVR in moderate- and high-risk AS patients and its recent approval in low-risk AS populations, further uses of TAVR within degenerated TAVR valves, as in the case described, should be explored. It is a matter of increased interest given the increasing life expectancy of patients with TAVR and the potential for degeneration of these valves. This case reports repeat ViV TAVR with surgical bioprosthetic valve fracture using a percutaneous cardiopulmonary bypass (TandemLife®, Pittsburgh, PA, USA)
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Figure 1. TTE showing peak aortic valve velocity. 






Figure 1. TTE showing peak aortic valve velocity.
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Figure 2. Left Anterior Oblique (LAO) Caudal View: True balloon fracturing the surgical bioprosthetic valve. The transvenous pacemaker in place. 






Figure 2. Left Anterior Oblique (LAO) Caudal View: True balloon fracturing the surgical bioprosthetic valve. The transvenous pacemaker in place.
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Figure 3. Intraoperative Trans-esophageal echocardiogram showing severe aortic regurgitation. 






Figure 3. Intraoperative Trans-esophageal echocardiogram showing severe aortic regurgitation.
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Figure 4. Left Anterior Oblique (LAO) Caudal View: Valve being deployed while transvenous pacemaker in place. 






Figure 4. Left Anterior Oblique (LAO) Caudal View: Valve being deployed while transvenous pacemaker in place.
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Figure 5. Left Anterior Oblique (LAO) view: Valve is deployed. 






Figure 5. Left Anterior Oblique (LAO) view: Valve is deployed.
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Figure 6. Trans-esophageal echocardiogram after valve deployment showing trace paravalvular leak. 






Figure 6. Trans-esophageal echocardiogram after valve deployment showing trace paravalvular leak.
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