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Minimizing Paravalvular Regurgitation With the Novel SAPIEN 3 Ultra TAVR Prosthesis: A Real-World Comparison Study
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Objectives: We investigated performance and outcome of the latest-generation balloon-expandable SAPIEN 3 Ultra prosthesis (S3U) compared to the established SAPIEN 3 prosthesis (S3) in a real-world cohort, with focus on paravalvular regurgitation (PVR).

Background: PVR is an adverse prognostic indicator of short- and long-term survival after transcatheter aortic valve replacement (TAVR). The S3U has been designed to improve sealing.

Methods: We enrolled 343 consecutive patients presenting with severe native aortic valve stenosis eligible for a balloon-expandable prosthesis. The established S3 was implanted in the first 200 patients, the following 143 patients received the novel S3U after introduction in our institution. Primary endpoint was PVR after TAVR. Furthermore, we investigated procedural parameters and in-hospital and 30-day outcome.

Results: PVR was significantly lower in the S3U cohort compared to the S3 cohort. They differed in their rate of mild PVR (11.2 vs. 48.0%, p < 0.001), whereas at least moderate PVR was similarly low in both cohorts (0.7 vs. 0.5%, p = 0.811). A significant reduction of post-dilatation rate, fluoroscopy time, and amount of contrast was observed in patients treated with the novel S3U (p < 0.001). The rate of adverse events in the in-hospital course and at 30 days were similarly low. At 30 days more patients receiving S3U improved in NYHA class (improvement ≥2 grades 34.6 vs. 19.9%, p = 0.003).

Conclusion: The current study provides evidence that the novel S3U strongly minimizes PVR, thereby demonstrating the efficacy of improved sealing. Further studies will have to address if the observed reduction of PVR with S3U has prognostic significance.
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INTRODUCTION

Transcatheter aortic valve replacement (TAVR) has evolved into a standard treatment for patients with symptomatic severe aortic valve stenosis (AS) regardless of surgical risk (1, 2). With respect to the hemodynamic status, TAVR offers lower transvalvular aortic gradients, larger effective orifice area, and a lower rate of patient-prosthesis mismatch compared to a surgical prosthesis (3, 4). However, paravalvular regurgitation (PVR) occurs more often in TAVR procedure and has been associated with a worse short- and long-term survival (4–7). With the advancement in prosthetic valve technology, the incidence of at least moderate PVR has significantly declined. Nevertheless, several reports suggested that even mild PVR is an adverse prognostic indicator for mid- and long-term outcome (6–9).

Different balloon- and self-expandable prosthesis systems have been released and approved for clinical use. Due to their mechanical characteristics, balloon-expandable prostheses are less prone to PVR compared to self-expandable prostheses (10). Among the balloon-expandable devices, the SAPIEN series (Edwards Lifesciences Inc., Irvine, CA, USA) has been recently extended with the novel S3U. It features ~40% taller, textured polyethylene terephthalate outer skirt compared to the third-generation S3, intended to improve sealing of the prosthesis and reduce the amount of PVR. First reports with the S3U system showed a good in-hospital and 30-day clinical outcome but the quality of comparison is limited (11–13).

The aim of this real-world, high-volume TAVR single-center observer study was to compare the procedural performance and 30-day outcome of the latest-generation balloon-expandable prosthesis—the S3U—with its preceding model, the S3. The particular focus and primary endpoint of the study was the rate of PVR.



METHODS


Patient Population and Pre-interventional Assessment

We screened all consecutive patients with high-grade symptomatic native AS scheduled for transfemoral TAVR and eligible for a balloon-expandable prosthesis between January 2019 and March 2020 for enrolment. Non-eligibility for a balloon-expandable but rather self-expanding prosthesis was the presence of moderate to severe annular or left ventricular outflow tract calcifications due to a higher risk for annulus rupture with balloon-expandable devices. Furthermore, patients with severely calcified and narrow femoral arteries were in favor for a self-expandable prosthesis (Evolut R, Medtronic Inc., Minneapolis, MN, USA) due to the smaller absolute required vessel diameter of the corresponding access sheath. Patients with a large annulus size suitable for the 29 mm SAPIEN prosthesis were not enrolled in the study, as the S3U is only available in sizes 20, 23, and 26 mm. Furthermore, since no 20 mm S3U has been implanted, the two patients receiving a 20 mm S3 were excluded in the comparison.

The S3 has been implanted at our institution in more than 1,000 patients since 2014. In September 2019, we switched to the latest-generation S3U. Therefore, in the first half of the enrolment period (January–August 2019), all patients received a S3 (200 patients). Starting from September 2019, all further patients were implanted the latest-generation S3U. Finally, 343 patients were included in the study (Figure 1). The study was approved by the Institutional Review Board (reference number: 2019-14692), all patients provided written consent. Covariates, including cardiac history and risk factors, were obtained by a structured interview. The “European System for Cardiac Operative Risk Evaluation II” (EuroSCORE II) and the “Society of Thoracic Surgeon” (STS) score were calculated in all patients. Indication for TAVR was confirmed by the interdisciplinary heart team.


[image: Figure 1]
FIGURE 1. Patient population. A total of 627 patients undergoing TAVR from January 2019 until March 2020 at the Heart Valve Center Mainz were screened. Reasons for exclusion are displayed on the right side. Finally, 200 patients with a SAPIEN 3 and 143 patients with a SAPIEN 3 Ultra were enrolled in the study. TAVR, transcatheter aortic valve replacement; TF, transfemoral access. Central illustration. Impact on paravalvular regurgitation: The SAPIEN 3 Ultra significantly lowers the rate of paravalvular regurgitation after TAVR compared to the SAPIEN 3. The SAPIEN 3 (left) and last-generation SAPIEN 3 Ultra prostheses (right). The novel SAPIEN 3 Ultra features a taller, textured polyethylene terephthalate outer skirt with ~40% increase in height. All other prosthesis components remained unchanged from the SAPIEN 3. PVR, paravalvular regurgitation. P-value was calculated by Chi squared test. Data represented as percentage of total.


In all patients, severe AS (aortic valve orifice area <1.0 cm2) was diagnosed in our echocardiography lab. Pre-interventional CT imaging of the aortic annulus and the vascular access route was performed according to current recommendations and post-processed using a semi-automated software (3mensio Structural Heart, Pie Medical Imaging BV, Maastricht, The Netherlands) (14, 15). Aortic root dimensions, distance between annular plane and coronary artery ostia, an orthogonal fluoroscopic angulation plane for implantation and the vascular access route were assessed in all patients. Additionally, the distribution of annular/sub-annular and left ventricular outflow tract calcification was qualitatively graded (none, mild, moderate, and severe) (14).



S3U and Delivery System

The CE-mark approved S3U is available in three sizes: 20, 23, and 26 mm. The novel key feature of the S3U is a taller, textured polyethylene terephthalate outer skirt with ~40% increase in height compared to the third-generation S3 which is supposed to improve the sealing of the prosthesis (Figure 1). Other components of the valve, including the cobalt-chromium alloy stent with a low delivery profile, open cell geometry and high radial strength, the bovine pericardial leaflets and the inner sealing skirt remain unchanged to the S3. According to manufacturer's recommendations, the Commander delivery system with the 14 French eSheath was applied.



Implantation Procedure

The TAVR procedure was performed under sedation or, if needed, in intubation anesthesia in a hybrid operating suite. The interdisciplinary established team of interventional cardiologists and cardiac surgeons has been trained and certified for the SAPIEN system and performed more than 1,000 previous joint TAVR procedures according to current recommendations. Apart from the prosthesis type, the technical aspects of the procedure did not differ between both cohorts and followed the recommended standards. Prosthesis sizing was based on pre-procedural CT analysis according to manufacturers' recommendations. A transvenous temporary pacemaker was applied in all patients. Pre-dilatation was at discretion of the interventionalist and mainly due to severe commissural calcification or very high transvalvular gradients. Post-dilatation was performed in patients with at least moderate residual PVR evaluated by multi-modality assessment (angiography, transthoracic echocardiography, and invasive hemodynamic assessment with simultaneous determination of left ventricular and aortic pressures). The puncture site was sealed using dedicated closure systems. Procedural parameters including procedure time (duration from puncture to suture), need for post-dilatation, amount of contrast and fluoroscopy time were assessed. Prosthesis oversizing was calculated with the formula (S3U or S3 nominal area/MDCT systolic annular area−1) × 100 (16) and four categories were set stepwise from <0 to >10% (Supplementary Table 2) according to the literature (17, 18).



Post-procedural Course

Post-procedurally, the temporary pacemaker sheath remained for 24 h and patients were ECG-monitored through 72 h. Indications for a permanent pacemaker implantation (PPI) were a third-degree atrioventricular block or a symptomatic second-degree atrioventricular block Mobitz II.

A 3-month dual antiplatelet therapy followed by a lifelong single antiplatelet therapy was prescribed as antithrombotic treatment. Patients with the indication for oral anticoagulation received a 1-month single antiplatelet therapy in addition to their lifelong oral anticoagulation.

Pre-discharge transthoracic echocardiography was performed in all patients for semi-quantitative grading of final PVR, determination of the prosthesis gradient and cardiac function. According to current recommendations, PVR was graded as none or trace, mild, moderate and severe (19).



Outcome

Study endpoints were established according to the Valve Academic Research Consortium-2 (VARC-2) definitions (20). For in-hospital outcome, we included device success, all-cause death, cardiac death, myocardial infarction, stroke, vascular complications, bleeding, new PPI, PVR grade at discharge and acute kidney injury in our analysis. Patients were followed up in an outpatient department at 30 days or by telephone contact for assessment of the early safety combined endpoint.



Statistics

Statistical analysis was performed using SPSS software (IBM® SPSS® statistics, version 24 for Mac). Continuous variables were expressed as mean ± SD when normally distributed, otherwise as median and interquartile ranges. Categorical variables were presented as frequencies and percentage, unless otherwise specified. Shapiro–Wilk test was used to assess normality for continuous data. Statistical significance was assessed using a t-test in normally distributed data or a Mann-Whitney-U-test in non-normally distributed data. Chi-square test was used to compare categorical variables. For multi-variate analysis, stepwise logistic regression models were used to examine independent relationships between patient and procedural parameters and PVR or PPI. All statistical tests were two-sided and p < 0.05 was considered to be statistically significant.




RESULTS


Baseline Characteristics

The total cohort included 343 patients (43.1% male) with a mean patient age of 80 ± 7 years and a mean EuroSCORE II of 5.2 ± 5.2% and STS Score 5.0 ± 4.1%, respectively. Except for a higher rate of prior myocardial infarction and less patients with NYHA class III in the S3 cohort, there were no significant differences in terms of age, cardiovascular risk factors or comorbidities between patients enclosed in the S3 (200 patients) and the S3U (143 patients) cohorts. Baseline characteristics are presented in Table 1.


Table 1. Patient characteristics.
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Procedural Data

Device success by VARC2-criteria was achieved in 95.6% patients with no significant difference between the two cohorts (p = 0.35). There was no peri-procedural death or incorrect positioning of the prosthesis with the need for implantation of a second valve. The 15 cases not meeting the VARC2-criteria of device success had either a moderate PVR after initial valve deployment (2 patients, 0.5%) or a mean gradient ≥20 mmHg as assessed by echocardiography at discharge (13 patients, 3.8%).

Among the patients receiving the latest-generation S3U, a 23 mm prosthesis was implanted in 70 patients (49%) and a 26 mm prosthesis in 73 patients (51%). In the third-generation S3 cohort, 106 patients (53%) received a 23 mm prosthesis and 94 patients (47%) a 26 mm prosthesis. Pre-dilatation was performed in 36 patients (10.5%) with no significant difference between both cohorts (p = 0.998). Likewise, procedural time was similar between both treatment groups (p = 0.43). However, post-dilatation due to an at least moderate post-implant PVR after valve deployment was significantly lower in the S3U cohort compared to the S3 cohort (1 vs. 22 patients, p < 0.001). Furthermore, fluoroscopy time and amount of contrast were significantly lower in the S3U cohort compared to the S3 cohort (12.6 ± 3.9 vs. 14.8 ± 5.5 min, p < 0.001, and 113.1 ± 39.6 vs. 130.4 ± 41.6 ml, p < 0.001, respectively, Figure 2). Major TAVR-related complications occurred in 3 patients (all cardiac tamponades due to wire related ventricular injury, one of them with need for median sternotomy in the S3U cohort, 2 with pericardiocentesis alone in the S3 cohort). There was no peri-procedural death. Procedural data are summarized in Table 2.


[image: Figure 2]
FIGURE 2. Procedural performance. The SAPIEN 3 Ultra performed significantly better in terms of post dilatation rate, fluoroscopy time, and amount of contrast compared to the SAPIEN 3. P-value was calculated by Chi squared test and Student's t-test. Data represented as mean ± SD for metric variables and number and percentage of total in categorical variables.



Table 2. Procedural details.
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Outcome

The primary endpoint PVR was significantly lower in the S3U cohort compared to the S3 cohort (11.9 vs. 48.5%, p < 0.001, Figure 1). There was no patient with a severe PVR in both cohorts. The rate of moderate PVR was very low (0.6%) and was observed in 1 patient in the S3U and 1 in the S3 cohort, respectively. In contrast, the rate of mild PVR was significantly lower in patients receiving a S3U compared to patients receiving the third-generation prosthesis (11.2 vs. 48%, p < 0.001). In age- and sex-adjusted multi-variable analysis (Supplementary Table 3), prosthesis type and oversizing (odds ratio, OR 0.75, p = 0.002) remained the only two independent predictors for the presence of PVR with the S3U having a more than 7-fold reduced risk (OR 0.13, p < 0.001).

In-hospital outcome showed no significant difference in all cause death, stroke, acute myocardial infarction, vascular complication, bleeding complication, acute kidney injury, need for PPI, new onset of atrial fibrillation or mean prosthetic gradient as assessed by echocardiography.

For 30-day outcome assessment, 17 (4.9%) patients were lost to follow-up. Early safety end-point including, among other parameters, all cause death (1.8%) and stroke (1.9%), revealed no significant difference between the S3U and S3 cohort (3.9 vs. 4.6%, p = 0.76). Patients who were implanted a S3U were significantly more often free of symptoms (NYHA class I, 44.1 vs. 31.4%, p = 0.02) and improvement of two or more NYHA class grades was higher (34.6 vs. 19.9%, p = 0.003) compared to patients with a S3, while overall improvement (reduction of at least 1 NYHA class) did not show a significant difference (75.6 vs. 69.1%, p = 0.21) (Figure 3).


[image: Figure 3]
FIGURE 3. NYHA functional class. NYHA (New York Heart Association) functional class at baseline and 30 days. Significantly more patients receiving the SAPIEN 3 Ultra were free of symptoms and improved in NYHA class at 30 days compared to patients with the SAPIEN 3. P-value was calculated by Chi squared test. Data represented as percentage of total.


The rate of new PPI was low in our study (8.9% at in-hospital and 9.6% at 30-day assessment) with no significant difference at in-hospital or 30-day post-procedural course between the two cohorts (p = 0.10 and p = 0.23, respectively). Age- and sex-adjusted multivariate analysis (Supplementary Table 4) including prosthesis type, severe commissural calcification, bicuspid anatomy, post-dilatation, right bundle branch block (RBBB), 1st degree AV Block, left bundle branch block (LBBB) and prosthesis oversizing revealed only a pre-procedural RBBB as a significant independent predictor for new PPI after TAVR (OR 9.22, p < 0.001). Peri- and post-procedural outcomes are summarized in Table 3.


Table 3. Peri- and post-procedural outcomes.
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DISCUSSION

The current study is, to our knowledge, the first to compare the performance and 30-day outcome of the latest-generation S3U with the third-generation, well-established S3 in a modern primary TAVR implantation approach in an equal device size distribution between the TAVR generations. This study is also the first to report a comparison using the same delivery system for both TAVR generations, thus excluding major bias to outcome and complications at 30 days.

The main finding and addressed primary endpoint of the study was a significantly lower incidence of paravalvular regurgitation after TAVR with the novel S3U. Furthermore, procedural performance in terms of fluoroscopy time, amount of contrast and rate of post-dilatation were superior compared to the third-generation valve model. Additionally, more patients receiving the S3U were free of symptoms at 30 days follow-up. Overall, the S3U was non-inferior in procedural safety compared to the third-generation prosthesis.

The S3U has been introduced in November 2018 in the available sizes 20, 23, and 26 mm. The novel prosthesis differs by ~40% taller, textured polyethylene terephthalate outer skirt compared to the prior S3. The design changes have been influenced in observation of the very good PVR performance of the 29 mm S3 (21). Hence, the novel S3U prosthesis is only available for patients with an annulus diameter <26.5 mm. Recently, Saia et al. reported their first multicenter prospective registry experience with the novel S3U (11). Furthermore, Rheude et al. (13) and Moriyama et al. (12) presented a comparison of the novel Sapien 3 ultra prothesis with its previous model Sapien 3. Overall, these two least studies and our current work all show a low incidence rate of all major complications both in-hospital and at 30 days proving the safety of the novel device. Though, the patient collective and the procedural characteristics show substantial differences between our current work and the studies by Rheude et al. (13) and Moriyama et al. (12). Our procedural strategy included a modern implantation approach with attempted primary TAVR prosthesis implant leading to a large difference in the rate of predilatation between our study and the other two reports. Only 10.5% of patients were predilatated in this study. In contrast, this rate was as high as ~60% in the study by Rheude et al. (13) and ~34% by Moriyama et al. (12). Furthermore, our study design included only patients suitable for a prosthesis size of 20, 23, and 26 mm (available in both S3 und S3U) as there is no Ultra version available for the 29 mm prosthesis. In the reports by Rheude et al. (13) and Moriyama et al. (12), patients receiving a 29 mm S3 prosthesis accounted for up to a third of the cohort. As already shown in previous studies, the number of patients sized for a 20 mm valve is very low. In our real-world study, there was no S3U 20 mm and only two S3 20 mm prosthesis implantations which we decided to exclude from the study in the interest of comparability.

In our study there were also no differences in the applied delivery system excluding potential implant success bias between the generations evaluated. The other studies used at least in parts the novel Ultra delivery system with the 14 French seamless, expandable Axela® sheath, which was supposed to streamline the procedure, eliminate valve alignment and flex catheter retraction steps. However, in some instances potential issues with both devices were reported. Therefore, the manufacturer has now paired the S3U valve with the conventional Commander Delivery System and 14F eSheath (11). This system is well-established and has been applied routinely with the S3 since 2014. In the current study, we consequently applied the Commander delivery system for both S3 and S3U. This allowed a true evaluation of the prosthesis performance, which was not further confounded by a novel delivery kit. As expected, we found no difference in bleeding rates and access site complications between the two study arms. Finally, we included patients with a mean age of 81.4 ± 8.3 years across all risk categories with a mean STS score of 5.0 ± 4.1 representing an intermediate risk, elderly real-world cohort. In contrast, the patients included by Rheude et al. (13) and Moriyama et al. (12) ranged with a similar mean age demonstrating a low risk group cohort (mean STS between 3 and 4%).

The primary endpoint of our comparison study was the occurrence of PVR after TAVR. Moderate or severe PVR was observed in 1–14% of patients after TAVR, whereas mild PVR ranges from 6 to 63% (5–8, 22). Moderate or severe PVR after TAVR has been consistently shown to increase mid- and long-term mortality (6–8, 21, 23). Several reports have also suggested a worse outcome for even mild PVR (7–9, 22). Numerous factors have been identified to favor the risk for PVR. Among the patient-related factors, aortic annulus and root calcification are the ones most predictive for later PVR (5, 24). Technical-related causes include undersizing of the prosthesis, malpositioning or incomplete apposition to the native annulus (5, 16, 21). Furthermore, balloon-expandable TAVR prostheses are less prone to cause PVR due to specific design and mechanical properties (10). The recent SOLVE trial reported an at least moderate paravalvular regurgitation of 3.4% for the new-generation self-expanding TAVR prosthesis and a 1.5% rate of at least moderate PVR for the third-generation balloon-expandable S3 (25). Pibarot et al. reported for the third-generation S3 a 3.5% rate of at least moderate PVR and a 32.6 and 8.2% rate of mild or mild-moderate PVR, respectively (21). For the latest generation S3U, Saia et al. showed a 10% rate of mild PVR and a 1.4% rate of moderate PVR (11). Rheude et al. (13) reported a significant decrease in the rate of mild PVR with the S3U (19%) compared to the S3 prosthesis (43%). Similarly, Moriyama et al. (12) showed significantly lower rates of mild PVR with the S3U (7%) compared to the S3 prosthesis (19%). In both studies, there was no significant difference in the rate of moderate PVR between the two prothesis. This is in line with our present results showing an 11% rate of mild PVR and a 0.7% rate of moderate PVR for the S3U leading to a significant risk-reduction for PVR compared to the previous S3 model (11.9 vs. 48.5%, p < 0.001) which already proved to exert a rather low risk for PVR among other prosthesis types (25, 26). Additionally, the rate of PVR directly after valve deployment was significantly lower in the S3U resulting in a significant lower rate of post-dilatation. Although we did not observe a difference in terms of safety outcome, post-dilatation should be reduced to a minimum to avoid the risk of annulus rupture, rhythm disturbances or valve dislocation. Among the analyzed parameters in the present study, prosthesis-type and prosthesis undersizing were the only two independent predictors for PVR after TAVR. Patients receiving a S3U reported more often relief of symptoms after 30 days which may be attributed to a lower rate of mild PVR. However, long-term outcome with this new S3U will have to be assessed in future studies.

In addition to the above-mentioned reduction in PVR, a superior performance of the new S3U was also observed by a reduced amount of required contrast and fluoroscopy time. We assume that this reduction might partially be a result of the lower rate of post-dilatation. Reduction in contrast to a required minimum is important to prevent peri-procedural renal failure. Large trials have shown rates of 5–57% of patients who suffered from acute kidney injury after TAVR which significantly affects long-term outcome and mortality (27, 28). We observed in-hospital acute kidney failure of stage 2 or higher in 2.0% of patients. However, the rate did not significantly differ between the two cohorts. With the opening of TAVR indication for younger and low-risk patients, approaches to lower radiation exposure become increasingly important. Here, we found a 15% decrease of fluoroscopy time with the latest-generation S3U compared to its third-generation pre-model. Long-term effects will have to be evaluated in further studies.

Compared to other recent publications, we observed a relatively low rate of post-procedural PPI with a tendency to less PPI in the S3U cohort (5.6 vs. 11.0%, p = 0.10) at in-hospital assessment (1, 25, 26, 29, 30). Yet, multivariate analysis revealed only preexisting RBBB to be an independent predictor of PPI and thus, a further significant influence of the S3U could not be determined.

Several limitations have to be acknowledged. First, this study reflects “real world” patients across all risk-categories enrolled in a high-volume single-center observational study rather than a highly selected trial population. Although single-center studies represent an institutional performance, they also minimize cofounders. The study was not designed in randomized fashion, but patients were assigned to either the S3 or the S3U cohort depending on their time of treatment. The 143 S3U patients represented the first patients being treated with the new valve. Though there was no experience at the start of enrollment with this new prosthesis, we observed no inferiority in terms of safety but even a superior procedural performance in some aspects compared to the established S3. As we present a real-world study, we did not pre-determine a certain number for each prosthesis size to be implanted. Furthermore, the current study provides only 30-day follow-up data which limits to conclude on hard outcomes.



CONCLUSIONS

This present real-world study shows that the latest-generation balloon-expandable S3U reduces PVR to a minimum in comparison to the previous S3 model, thereby demonstrating the efficacy of improved sealing. A significant decrease of paravalvular regurgitation with this prosthesis provides a promising result given the steadily growing numbers of TAVR procedures. A superiority for the novel valve was also found in terms of post-dilatation rate, radiation time and the amount of contrast as well as relief of symptoms at 30 days. Further studies need to assess whether the reduction of PVR with S3U may have prognostic significance.
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