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The Valve-in-Valve (ViV) technique is an established alternative for the treatment of structural bioprosthetic valve deterioration (SVD). Data describing the intermediate term follow up of patients treated with this approach is scarce. We report on our intermediate-term outcomes of patients with SVD in the Aortic position treated with ViV. Included were patients with symptomatic SVD in the aortic position valve who were treated by Valve in valve transcatheter aortic valve implantation (ViV-TAVI) during the years 2010-2019 in our center. Three main outcomes were examined during the follow up period: NYHA functional class, ViV-TAVI hemodynamic per echocardiography, and mortality. Our cohort consisted of 85 patients (mean age 78.8 ± 8.9 years). The indications for aortic ViV were: SVD isolated aortic stenosis in 37.6%, SVD isolated aortic regurgitation in 42.2% and combined valve pathology in 20.0%. Self-expandable and balloon-expandable devices were used in 73 (85.9%) and 12 (14.1%), respectively. Average follow up was 3.7 ± 2.4 years. 95 and 91% of patients were in NYHA functional class I/II at 1 and 5 year follow up respectively. At one year, the mean trans-aortic valve pressure was 15 ± 9 mmHg and rates of ≥ moderate aortic regurgitation were 3.7%. Mortality at one year was 8.6% (95% CI 2.3–14.4) and 31% (95% CI 16.5–42.5) at 5 years. ViV in the aortic position offers an effective and durable treatment option for patient with SVD, with low rates of all-cause mortality, excellent hemodynamic and improved functional capacity at intermediate follow up.
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INTRODUCTION

Bioprosthetic surgical valve replacement for the treatment of native valve diseases is used extensively. The treatment of failed bioprosthetic valves has traditionally been open surgical valve replacement. However reoperation, especially in those at increased surgical risk, has associated substantial morbidity and mortality (1, 2). Valve in valve transcatheter aortic valve implantation (ViV-TAVI) inside failed surgically implanted bio-prostheses has become a reliable and less invasive alternative to repeat surgery (3, 4). We report herein on our clinical experience of treating patients with structural valve deterioration (SVD) in the aortic position using the ViV technique in our institution, aiming to provide insights into the clinical outcomes of these patients by providing intermediate-term follow up results.



MATERIALS AND METHODS

The characteristics and outcomes of patients with bioprosthetic SVD treated by the implantation of a Transcatheter aortic valve implantation (TAVI) device within a failed surgical valve, or valve-in-valve (ViV-TAVI) procedure, are described in the present report. The ViV-TAVI procedures were performed from November 2010 to December 2019. Patient data follow up was completed until December 2020. The selection and assessment process of these patients in our institution has previously been described (5). In addition to routine clinical assessment, from 2017 a gated cardiac CT and peripheral vessel scan was performed in all patients with detailed analysis of coronary height, sinus of Valsalva dimensions and virtual transcatheter heart valve to coronary ostial distance (VTC) assessment to assess the risk of coronary occlusion during the procedure. All patients undergo Transthoracic Echocardiograms and in selected cases also a transesophageal echocardiogram. Following an individualized analysis of patient biometrics parameters, bioprosthetic valve manufacturer characteristics and imaging characteristics, percutaneous valve device type and size were chosen on an individualized basis. Patients were treated empirically with dual antiplatelet therapy following the procedure. In patients with a prior indication for oral anticoagulation, the combination of oral anticoagulation with clopidogrel was given for 3–6 months following the procedure. In selected patients at high risk for bleeding, single antiplatelet with either aspirin or clopidogrel was used.

The baseline, procedural and peri-procedural findings are described. The prospective data collection was approved by the institutional review board. Three endpoints were examined: NYHA functional status at 1- and 5-year, valve hemodynamic competence of the implanted valves as per echocardiography done on an annual basis and rates of survival during the follow-up period. Data on mortality was based on mortality files derived from the notification of death form legally required by the Ministry of the Interior. Follow up data was available for 79 patients at one year follow up and 23 patients at 5 year follow up. Clinical events were defined according to the Valve Academic Research Consortium 2 (VARC 2) criteria (6). Structural valve deterioration (SVD) was defined as per consensus statement from the European Society of Cardiology of percutaneous cardiovascular interventions 2017 (7).

Baseline characteristics of the patients are presented as mean and standard deviation (SD) for continuous variables and count (%) for categorical variables. Continuous variables were compared using the Student's t test/Mann Whitney U test, categorical variables were compared using the chi-square/Fisher's exact test, as appropriate. All tests were 2 tailed, and a p value < 0.05 was considered significant. All-cause mortality was graphically plotted using Kaplan-Meier curves and compared between groups using the log rank test (unadjusted analysis). All TAVI-related data was registered in an electronic file and analyzed using the SPSS, version 25.0, software (SPSS, Chicago, Illinois).



RESULTS

Our cohort consisted of 85 patients in whom ViV in the aortic position was performed. Table 1 details the baseline characteristics of these patients. 45 (52.9%) were male and the mean age was 78.8 ± 8.9 years. This cohort had a mean STS score 6.1 ± 4.4 and most patients were in NYHA (New York Heart Association) functional class III/IV (78%) at baseline. The indication for ViV-TAVI were isolated xenograft stenosis in 37.6%, isolated xenograft regurgitation in 42.2% and combined pathology in 20.0%. 81 procedures were done for surgical xenografts and 4 procedures were done as TAVI in TAVI. The average time to ViV-TAVI from surgical valve intervention was 11.0 ± 1.3 years. The sizes and types of degenerated surgical valves and corresponding ViV-TAVI valves are detailed in Supplementary Table 1. Of the 85 patients included in our cohort 48 underwent a preprocedural gated cardiac CT scan. VTC was assessed before aortic ViV intervention in 42 (49.4%) patients, the mean VTC was 5.1 ± 1.4 mm. Table 2 details the Procedural Characteristics of patients who underwent ViV-TAVI. Vascular access was predominantly via the femoral route (91.8%). Self-expandable and balloon-expandable devices were used in 73 (85.9%) and 12 (14.1%), respectively. Major complications included: one periprocedural death due to a major vascular complication, one case of coronary artery occlusion, one ischemic stroke, one case of cardiac tamponade, 2 cases in which the ViV-TAVI migrated, and a second valve was needed. Other complications were rare: one case of stage 1 acute kidney injury and 2 minor vascular complications. There were 12 patients with new LBBB and 6 patients with new RBBB following the procedure. There were no cases in which a new permanent pacemaker was needed. There was a single case of moderate paravalvular leak after VIV-TAVI insertion. The average hospital stay was 4.8 ± 3.8 days.


Table 1. Baseline characteristics of the patients: valve-in-valve aortic position.
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Table 2. Procedural Characteristics: valve-in-valve aortic position.
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Average time of follow up was 3.7 ± 2.4 years. Most patients were in NYHA functional status I/II at 1 and 5 year follow up (95 and 91%, respectively) (Figure 1). There were significantly more patients in NYHA I/II vs NYHA III/IV at one year than at baseline (p = 0.04). This improvement from baseline was seen at 5 years in the 23 patients available for comparison, but was not statistically significant (p = 0.08). A favorable hemodynamic valve profile was maintained over the follow up as seen in Figure 2. At 1-month follow up, the valve gradients were significantly reduced from mean pressure of 33 ± 14 mmHg to mean 14 ± 10 mmHg (p < 0.001). This reduction in valve gradients were maintained over time. 1-year average mean transaortic valve gradient was 15 ± 9mmHg, with low rates of ≥ moderate aortic regurgitation (3.7%) (Supplementary Figure 1). At 1 year follow up, patients with larger deteriorated bioprosthetic valves (larger than 21 mm) had significantly lower mean valve gradients compared to those implanted with smaller valves ( ≤ 21 mm) (14 ± 7 mmHg vs. 18 ± 11 mmHg, p = 0.04; respectively) (Table 3). There were no differences in mortality rates between patients with smaller in comparison to larger deteriorated bioprosthetic valves during the follow up period.
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FIGURE 1. NYHA functional class over time.
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FIGURE 2. Aortic Valve Pressures during follow up.



Table 3. Aortic Valve pressures comparing large and small valves.
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Kaplan Meier mortality rates at one year was 8.6% (95% CI 2.3–14.4) and 31% (95% CI 16.5–42.5) at 5 years (Figure 3). Of the 22 patients who died during follow up, only 3 patients died from cardiovascular causes (13.6 %). There was a single peri-procedural death due to a major vascular complication.


[image: Figure 3]
FIGURE 3. Kaplan Meier curve for mortality during follow up.




DISCUSSION

The main objective of our study was to report on the intermediate-term clinical outcomes of patients with SVD treated with ViV-TAVI from our all-comer perspective registry. The main findings are as follows: Firstly, patients in our cohort had a significant improvement in functional status following TAVI-ViV at 1 and 5 year follow up. Secondly, the immediate achieved trans-valvular gradients were favorable and maintained over the duration of the follow-up period. Thirdly, all-cause mortality at 1 year and 5 year follow up was low, with mortality rate at one year of 8.6% (95% CI 2.3–14.4) and 31% (95% CI 16.5–42.5) at 5 years.

Our findings correlate with other reports reporting a significant improvement in functional status following ViV-TAVI (4, 8). Dvir et al. reported that 92.6% of surviving patients were at NYHA I/II at one month following ViV-TAVI. We confirm and have expanded on this and found that 95% of surviving patients in our cohort had NYHA I/II at 1 year follow up. Moreover, this improvement in functional status was maintained at 5 year follow up with 91% of patients being in NYHA I/II. The ViV-TAVI procedure provided a meaningful and persistent improvement in quality of life. Valve hemodynamics in our analysis are in concordance with previous reports, at 1-year the average mean aortic pressure was 15.3 ± 9.5 mmHg (8, 9). These favorable hemodynamics were maintained during follow up period. One of the challenges in ViV-TAVI is that there is an element of patient prothesis mismatch (PPM) that cannot be discounted due to the reduced potential orifice area for ViV-TAVI within the dimension of the failed bioprosthetic surgical valve. In a meta-analysis by Head et al. up to 44.2% of patients undergoing aortic valve replacement have some degree of PPM following surgery (10). This is even more pronounced in patients with small bioprosthetic degenerated valves ( ≤ 21mm) and has been associated with poorer long term outcomes (8). In our experience the mean postprocedural transaortic gradient at 1 year follow up was significantly higher in those with smaller deteriorated bioprosthetic valves ( ≤ 21 mm) compared to those with larger deteriorated bioprosthetic valves (>21 mm) (18 ± 11 mmHg vs. 14 ± 7 mmHg, p = 0.04). This did not reflect a survival disadvantage, although this is confounded by our relatively small sample size. Dvir et al. reported that the rate of elevated postprocedural gradients were significantly higher after balloon expandable than after self-expandable in patients after aortic ViV interventions (40 vs. 21%; P < 0.0001) (11). In order to minimize PPM, the majority of cases in our institution for ViV-TAVI are performed with the CoreValve Evolut system with high rates of post dilation balloon (40%). This valve device has a supra-annular feature and so the component with the functioning valve is less affected by the surgical bioprosthesis dimensions, enabling for a larger effective orifice area. Bioprosthetic valve fracture has been reported as another safe and effective alternative to reduce post procedural gradients in ViV-TAVI procedure (12). However this technique has yet to be evaluated in a large randomized control trial and is not routinely done in our institution.

All-cause mortality rates in our cohort were low and most mortality events were secondary to non-cardiac causes (86.4%).

One would expect that the mortality in our cohort would be less than that reported in patients undergoing native valve TAVI. However, our reported mortality is lower than that reported in registries of patients undergoing native TAVI. Other registries such as GARY (German Aortic valve registry) in patients with intermediate risk reported a 17.5% one-year mortality in those undergoing TAVI and 10.8% one-year mortality in those undergoing surgical aortic valve replacement (AVR) (13). The PARTNER 2 investigators reported on 5 year results in those with intermediate risk with a reported mortality of 46% in those with TAVI and 42.1% in this with surgical AVR (14). Mortality rates in our cohort at one year was 8.6% (95% CI 2.3–14.4) and 31% (95% CI 16.5–42.5) at 5 years. The discrepancy between these findings is most likely due to the inherent differences in patients undergoing native TAVI and ViV-TAVI. Although these patients have had previous surgery, those selected for the procedure are those that have a clinical state deemed fit to undergo the procedure with expected longevity. There is a selection bias of the cohort. Furthermore, the weight of previous cardiac surgery in the calculation of surgical risk in these patients may be over-estimated. Our institution has a meticulous patient selection process, a well-established institutional heart team, and an increased experience of operators and post procedural care.

The procedural complications reported in our cohort were low. The dreaded Achilles' heel of ViV-TAVI is coronary obstruction (9). Coronary obstruction is primarily caused by coronary ostium occlusion by the displaced leaflet of the bioprosthetic valve following deployment of the ViV-TAVI. Computer tomography (CT) imaging plays a central role in identifying high-risk features for coronary obstruction such as short virtual transcatheter heart valve to coronary ostial distance (VTC) <4 mm (15). Pre-procedural CT has been performed routinely in all ViV-TAVI cases in our institution since mid-2016. VTC in combination with other parameters (type of deteriorated surgical valve: stented vs. stent-less, with or without externally mounted leaflets, coronary height) were assessed for procedural planning. In selected cases, procedures were performed with “coronary” wire protection and stent implantation (chimney technique), or a repositionable/recapturable transcatheter valve was used specifically to avoid coronary occlusion. Novel transcatheter techniques such as Basilica may become increasingly used in high risk patients (16). There were no cases of new permanent pacemaker insertion following the procedure. There is data to show that the rate of need for new permanent pacemaker insertion following ViV-TAVI is far less that that seen in native TAVI. This could be due to the relative protection of the conduction system by the surgical valve structure from the mechanical pressure of the ViV-TAVI device (17).

The main strengths of our study are the quality of our data acquisition and the intermediate-term follow up. We are a center with a dedicated structural invention team with increasing experience and data spanning over 10 years. We have a dedicated data collection team and structured clinical and imaging follow up program to ensure careful data acquisition and quality. Study limitations include the single-center nature of this observational study. Our echo data did not routinely include aortic valve area on follow up and thus we did not include data on patient-prosthetic mismatch on follow up. The ViV-TAVI procedure offers a transcatheter solution to a heterogenous group of bioprosthetic valve dysfunction. Due to the heterogeneity in the type and size of bioprosthetic valves and small size of our cohort, we did not do further subgroup analysis. With increasing follow up data on ViV-TAVI procedures, there is a need for dedicated standardized criteria for ViV-TAVI procedures. VARC 2 criteria were derived for TAVI in native aortic valves. However, the ViV-TAVI procedure has unique features and challenges for which VARC 2 criteria are inadequate. One of the prominent features is the PPM at baseline, and VARC2 criteria are misrepresentative of hemodynamic SVD in ViV-TAVI.

While the ViV-TAVI procedure requires operator experience and adequate preprocedural planning, this procedure offers a less invasive, safe solution to bioprosthetic valve deterioration. Our real-world single center data shows promising intermediate-term results of patients undergoing ViV-TAVI. Our results of ViV-TAVI for the treatment of symptomatic bioprosthetic valve failure yielded encouraging results in terms of clinical efficacy, durability and hemodynamic profile of ViV-TAVI.
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