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

all-cause death, disabling stroke, rehospitalization for heart failure or valve related problems. Independent Core Laboratories will conduct uniform analyses of echocardiography (pre-, post-, 1-year post-procedure), multi-sliced computed tomography (pre-, and if available post-procedure) and cinefluoroscopy studies.

Conclusions

The BASELINE trial is a head-to-head comparative trial investigating the 2 most used contemporary transcatheter heart valves for the treatment of a failing surgical aortic bioprosthesis. (ClinicalTrials.gov number NCT04843072). Surgical aortic valve replacement (SAVR) serves many patients with aortic valve disease, [START_REF] Nishimura | AHA/ACC focused update of the 2014 AHA/ACC guideline for the management of patients with valvular heart disease: a report of the American College of Cardiology/American Heart Association Task force on clinical practice guidelines[END_REF][START_REF] Vahanian | ESC/EACTS guidelines for the management of valvular heart disease[END_REF] with currently more than 200.000 procedures performed annually worldwide and a predicted increase to 850.000 per year in 2050. 3,4 Bioprosthetic valves represent the mainstream in SAVR and are increasingly used in younger patients because of a low thrombosis risk and no need for lifelong anticoagulation. 4,5 Yet, bioprosthetic valves have limited durability, with surgical prosthetic degeneration and failure ensuing within 10 to 15 years. 6 As a result, the number of patients that outlive their prosthesis and require valve reintervention is increasing. Transcatheter aortic valve (TAV) implantation (TAVI) has emerged as a less invasive treatment option for failed surgical aortic valve (SAV) bioprostheses than redo surgery. 7,8 Limitations of TAV-in-SAV relative to TAVI for native aortic valve disease include an incremental risk for coronary occlusion, device malposition and prosthesis-patient mismatch (PPM). 9,10 Currently, the most used transcatheter heart valves for the treatment of failing SAVs are the balloon-expandable (BE) SAPIEN-3 Ultra and the self-expanding (SE) EVOLUT PRO+ systems. The balloon-expandable SAPIEN-3 Ultra is a short intra-annularly functioning TAV which is fundamentally different from the long supra-annularly functioning selfexpanding EVOLUT platform. A supra-annular design may offer superior hemodynamic valve performance but may be at higher risk for paravalvular leak and/or coronary obstruction. Whether other hazards related to TAV-in-SAV therapy (e.g. conduction abnormalities, aortic rupture, bioprosthetic thrombosis) is different with either TAV platform is unsettled. The BAlloon Expandable vs. SElf Expanding Transcatheter VaLve for Degenerated BioprosthesIs (BASELINE) trial is a randomized controlled trial comparing device success at 30 days and clinical efficacy at 1 year between the 2 most used contemporary TAV-technologies for the treatment of symptomatic patients with a degenerated SAV.

Methods

The BASELINE trial is an investigator-initiated, non-funded, prospective, randomized, multinational, multicenter, open-label, superiority trial. The primary objective is to compare TAV-in-SAV with the balloon-expandable SAPIEN-3 Ultra valve vs. the self-expanding EVOLUT PRO+ valve in terms of device success at 30 days as defined by the latest Valve Academic Research Consortium-3 Criteria 11 (Figure 1. Patient with a failing transcatheter aortic bioprosthesis accepted for TAVI will be followed in a nested TAV-in-TAV registry (details below). Patients will be enrolled in up to 50 structural heart valve sites across 12 countries in Europe and North America (Figure 2). In November 2021 the first patient enrolled into the study; in June 2022 (date of manuscript submission) a total of 16 patients were randomized in 4 investigational sites. The study is conducted in accordance with the principles stated in the Declaration of Helsinki and the International Conference on Harmonization Good Clinical Practice. There is no involvement of industry and no extramural funding was used to support this work. The authors are responsible for the design and conduction the trial, the study analyses, the drafting and editing of the manuscript and its final contents. Trial administration and data management will be carried out in the Erasmus University Medical Center, Rotterdam, Netherlands. The trial is registered under ClinicalTrials.gov number NCT04843072. 

Study Population

All patients experiencing symptoms due to a failing SAV through regurgitation, stenosis or a combination and who are selected per Heart-Team consensus and conform to a set of in-and exclusion criteria will be eligible for study participation (Table 1). Data of patients who are screened but not randomized will be collected in a screening log, including the reason for not entering the study (i.e. anatomical not eligible, physician's preference, formal exclusion criterion, participation in a different trial etc.). Written patient informed consent must be provided as approved by the ethical committee of the respective clinical site. Table 1. Summary of key inclusion and exclusion criteria. 

Known mural thrombus in the left ventricle

History of recent (within 1 month) stroke or transient ischemic attack

Nested TAV-in-TAV registry Similar to the surgical population, the number of patients with valve degeneration after native TAVI is expected to increase as eligibility criteria expand to lower risk categories. Limited data indicate that TAV-in-TAV for degenerated transcatheter valves is feasible but associated with distinctive challenges. For the purpose of generating new insights on this issue, a nested TAV-in-TAV registry will be implemented thereby leveraging the existing infrastructure of the BASELINE trial (Figure 1). Patients selected for enrollment in the registry follow the same study requirements as the main cohort and imaging data will be analyzed per Core Laboratory standards.

Study Endpoints Primary endpoint (30 days)

The primary endpoint is device success at 30 days defined as the composite of technical success (at exit from procedure room), freedom from mortality, freedom for surgery or intervention related to the device or to a major vascular or access-related or cardiac structural complication, intended performance of the valve (mean gradient <20 mmHg, peak velocity < 3 m/s, Doppler velocity index ≥0.25, and less than moderate aortic regurgitation). 11 Technical success is defined as freedom from mortality at exit from procedure room with successful access, delivery and retrieval of the valve delivery system, correct valve positioning and no need for surgery or intervention related to the device or to a major vascular or cardiac related complication. The exact nature and date of death will be recorded. 11

Co-primary endpoint (1 year)

The co-primary endpoint at 1 year is defined by the composite of all-cause death, all stroke, rehospitalization for heart failure or valve related problems.

Secondary Endpoints

The following clinical endpoints as defined by the most recent VARC 3 criteria will be collected 11 :

• 1.
All-cause mortality Bioprosthetic valve failure stage I-III Randomization Subjects will be randomized 1:1 to TAVI with the balloon-expandable or self-expanding TAV system and will be stratified by: • 1.

SAV labelled size (<23.0 vs ≥23 mm) • 2.

SAV design (with vs. without externally mounted leaflets)

The rationale for stratification is that small SAVs (<23.0 mm) yield higher risk for severe residual gradients (mean >20 mmHg) whereas SAVs with externally mounted leaflets carry significantly higher risk for coronary obstruction after TAV insertion. Both factors affect device success rates and, therefore, a balanced distribution of SAV size and design in this study is essential. Based on previous studies, the expected percentage of patients with a small SAV (<23 mm) is 19-27%.12., 13., 14., 15. The proportion of patients with a SAV composed of externally mounted leaflets seems less predictable (ranging between 2-42%).16., 17., 18., 19. Following screening and signing the informed consent form, patients will be electronically randomized prior to arterial access using random block size randomization, with lower boundary of 2 and upper boundary of 6.

Treatment and follow-up

The study flow chart is summarized in Figure 1. Patients are admitted prior to the TAVI procedure per local practice. TAVI procedure is executed per local standard using the Edwards Sapien-3 Ultra device or the EVOLUT PRO+ device. The use of ancillary devices (i.e. dedicated large-bore closure devices, cerebral embolic protection devices) and techniques (e.g. valve fracture, chimney stenting, bioprosthetic aortic scallop intentional laceration to prevent iatrogenic coronary obstruction [BASILICA]) are per operator's discretion and will be collected. TAVI is preferably performed under local anaesthesia/conscious sedation. Only transfemoral approach is allowed. Participating sites are encouraged to adhere to guidelines on antithrombotic and anticoagulant therapy. However, their use before and after the procedure is per treating physician's discretion and data on its (dis)continuation will be collected. Data from enrolled subjects will be collected at baseline, pre-discharge, 30-days and at 1 year followup, including demographics, past medical history, current medications, standard laboratory data and New York Heart Association class (an extended follow-up until 5-years is currently under consideration by the steering committee). A uniform protocol for transthoracic echocardiographic acquisition of endpoint data will be used in all sites and 3 echocardiograms per patient (pre-procedure, pre-discharge or at 30 days, 1 year post TAVI) will be evaluated by an independent core laboratory (Erasmus Medical Center, Rotterdam, Netherlands). Similarly, all pre-procedure multisliced computed tomography (MSCT) images and cine-fluoroscopic images taken during the procedure will be anonymized and evaluated by dedicated core laboratories in Cedars Sinai Hospital, Los Angeles, United States (for MSCT) and Institut Coeur Poumon, Lille, France (for cinefluoroscopy). A post-TAVI MSCT is recommended 1 to 3 months post TAVI.

Monitoring

Prospective monitoring for the occurrence of the (co-)primary and secondary endpoints and serious adverse events starts at randomization and continues until 1 year follow-up. All study sites will be monitored periodically by and independent monitor to ensure that it is conducted, recorded, and reported in accordance with the study protocol, written procedures and the applicable regulatory requirements and standards. Monitoring and data review may occur remotely as well as during on-site visits and will be coordinated by the National Lead Investigator of each participating country (12 in total). Monitoring results will be reported to the coordinating center.

Statistical considerations

All patients who are eligible and enrolled in the study prior to TAVI will be included in the analysis. Primary analysis is based on the intention-to-treat sample. Sample size calculation was based on prior observational studies evaluating TAV-in-SAV with the balloon-expandable and self-expanding TAVsystems. VARC-3-defined device success has not been reported previously. Instead, most studies described the component endpoints of device success (Table 2). The component endpoints seem equally frequent with BE and SE TAV systems, except for the rate of severe residual gradients (>20 mmHg) which vary between 34-38% after BE valves 10, 12., 13., 14. ,20 and between 16-21% after SE valves. 10,12,13,19 Of note, in patients with small surgical prostheses (≤23 mm labelled size), severe residual gradients have been reported in up to 62% after BE vs. 21% after SE valves. We estimated that the absence of device success will be 30% with balloon-expandable and 18% with self-expanding valves. On the basis of these assumptions, a sample size of 200 patients per group (i.e. 400 in total) is needed for 80% power using an alpha of 0.025 (2-sided). The sample size was rounded up to 440 patients to accommodate dropouts etc. 

Discussion

Surgical aortic bioprosthetic failure represents a growing health issue as bioprosthetic valves are increasingly implanted in younger patients. TAV-in-SAV has become an established and often preferred strategy for patients with a failing aortic bioprosthesis who are by default at elevated operative risk because of the need for a re-sternotomy. In a matched comparison of high-risk patients from a nationwide study, TAV-in-SAV conferred an advantage over repeat-SAVR in terms of 30-day mortality, morbidity and bleeding complications. 8 Also in comparison with conventional TAVI, STS/ACC data indicate that TAV-in-SAV is associated with superior mortality and morbidity rates. 7 Nonetheless, despite these favorable results, TAV-in-SAV has been associated with an increased likelihood of coronary occlusion, device malposition, residual regurgitation and prosthesis-patient mismatch as compared to native TAVI. 9 In absence of robust randomized data, it is uncertain how different TAV systems affect procedural outcome. Recently, a small randomized study (LYTEN trial, n=98 patients) demonstrated that, in patients with small failed surgical bioprostheses (≤23 mm), self-expandable valves are associated with improved (echo-derived) valve hemodynamic performance as compared to balloon-expanding valves. 10 We designed the BASELINE trial (n=440 patients) to compare the performance of the self-expanding EVOLUT valve versus the balloon-expandable SAPIEN3 Ultra valve in patients with degenerated surgical bioprostheses. These comparative data will inform interventionalists in selecting which TAV will best fit the individual patient while it may serve surgeons with the possibility to modify their SAVR technique and/or SAV choice for the benefit of future TAV-in-SAV procedures.

The premise of the BASELINE trial is that the self-expanding supra-annular functioning EVOLUT PRO+ is superior to the balloon expandable SAPIEN3 Ultra valve in terms of device success at 30 days (primary endpoint). Device success represents an accurate indicator of immediate procedural success addressing short-term procedure-and valve-related issues in addition to early hemodynamic performance of the valve. 11 In the context of TAV-in-SAV, the lower devices success rate with the BE valve is expected to result from higher transvalvular gradients as compared to the SE device. Data from the VIVID registry, PARTNER 2 and a large multicenter study found that the rate of severe residual gradients ≥20 mmHg between 34-40% after BE-in-SAV while it varies between 16-21% after SE-in-SAV.12., 13., 14. ,19,20 An overview of previously published studies reporting TAV-in-SAV outcomes stratified by TAV-device is shown in Table 2.

Irrespective of TAV-choice, however, final hemodynamic performance after TAV-in-SAV mostly depends on the characteristics of the failing surgical prosthesis. Pre-existing PPM of the surgical prosthesis as well as its design (stented>stentless), mode of failure (stenosis>regurgitation) and size play an important role. 21 Small SAVs have been associated with small effective orifice areas and high mean gradients and even mortality after TAV-in-SAV. 7,13,19,21,22 For these reasons, patients in this study will be stratified according to SAV size (<23 mm vs. ≥23 mm) to avoid imbalances between treatment groups that could bias study results. The use of pre-and/or post-dilatation with or without advanced techniques that facilitate optimal hemodynamic outcome such as prosthesis-ring fracturing are allowed as per discretion of the treating operator. Regardless of the use of these measures, however, balloon-expandable Sapien3 valve in this study most likely will be associated with higher residual gradients and thus lower device success rates in comparison to the selfexpanding Evolut system. In the subset of patients with a small surgical prosthesis (≤23 mm labelled size), severe residual gradients (>20 mmHg) were reported in 62% after balloon-expandable valve implantation (vs 21% after self-expanding valves). 10 The clinical impact of higher than desirable residual gradients after TAV-in-SAV is currently unknown. Abbas et al 23,24 recently found that invasively measured and echocardiography-derived transvalvular mean gradients correlate well in native aortic valve stenosis but weakly after TAVI for native valves and failed bioprosthetic valves. Echocardiography overestimates transvalvular mean gradients compared with invasive measurements, a discordance that was most profound in association with small BE devices. 10 Echocardiographic gradient assessment is based on the assumption that the maximal velocity is captured and converted to a pressure gradient using the Bernoulli equation. An inherent limitation is that these measurements record the maximal gradient immediately distal to the prosthesis and overestimate the gradients assessed more distally which are typically lower due to pressure loss recovery. 25 Also, the measurements assume laminar flow which is disturbed when 1 or 2 prosthetic valves are in situ. Conversely, invasive hemodynamic measurements are also limited by methodological issues such as time of measurement immediate post TAVI. Early changes in flow and/or other hemodynamic valve adaptions may explain the unreliability of hemodynamic measurements immediately after TAVI. How echocardiographic and invasive gradient measurements relate to one another before and after TAV-in-SAV, and how these indices affect 1-year clinical outcome (co-primary endpoint) will be investigated in the Baseline Trial. It requires uniform echocardiographic imaging interpretation and analysis which will be facilitated by a dedicated echocardiography core laboratory. Coronary obstruction represents a potentially devastating complication of TAV-in-SAV procedures associated with mortality rates of up to 50%. 17,26 The risk is approximately 2-to-4 times higher as compared to native TAVI, but can be 8-times higher in patients carrying a SAV with externally mounted leaflets as compared with SAVs with internally mounted leaflets. 17 The 2 main mechanisms relate to the expansion of the TAV-frame within the SAV with subsequent displacement of the SAV leaflets towards:

• (i)
the coronary ostium causing direct leaflet-ostium contact and obstruction, or • (ii) the sinotubular junction with formation of a cylinder causing sequestration of the sinus of Valsalva and subsequent impaired coronary filling. The mechanisms imply that the risk of coronary obstruction is universal to all TAV designs as it mainly depends on the characteristics of the SAV and the relationship of its leaflets with the coronary ostiae and/or surrounding aortic structures (sinotubular junction). Observational studies indeed report similar rates of coronary complications with self-vs. balloon-expandable TAV-in-SAV procedures (0.8-3.8%12., 13., 14., 15. ,20 vs. 0.9-3.2%, 12,13,19 respectively). Nevertheless, TAV-systems with an extended sealing cuff, less predictable implantation depth and/or no repositioning or retrievability features might be associated with an increased risk for coronary complications. Also, in the event of coronary flow impairment, the BE-TAV may provide easier accessibility compared to the SE-TAV.

The Baseline Trial will provide comparative insights on this matter. To ensure fair comparison between study-groups, stratified randomization based on the presence of externally mounted SAV leaflets will be performed. All MSCT's will undergo uniform and centralized analyses in a Core Laboratory to investigate the interaction between the TAV and SAV frames relative to surrounding anatomical structures. In approximately 50% of the patients (n=∼200) a postprocedural MSCT will be available which allows for an in-vivo appreciation of key TAV-SAV interactions.

The post-procedural MSCT scans will also be analyzed for presence of hypoattenuated leaflet thickening (HALT) and reduced leaflet motion (RLM) as measures of (subclinical) leaflet thrombosis, a finding that has been suggested to be more common in valve-in-valve procedures as compared to native TAVI. 27,28 In TAV-in-SAV, the immobilized and upward-oriented SAV-leaflets may act as a divider separating blood flow from the "sinus" and the "neo-sinus", leading to stasis of blood and potential valve thrombosis. However, data from the RESOLVE/SAVOURY registry could not confirm that there is an increased risk of leaflet thrombosis associated with TAV-in-SAV. 29 Conflicting data on this subject have led to heterogeneous policies including vitamin K antagonist, non-vitamin K antagonist oral anticoagulants or single antiplatelet agents after TAV-in-SAV procedures. 30 In the Baseline Trial, direct comparative data for contemporary TAV-devices in conjunction with pre-and post-procedure MSCT assessment of the prosthesis and surrounding anatomy will generate new insights on the incidence and mechanisms of TAV-in-SAV thrombosis.

Other safety issues such as the risk of stroke, paravalvular leak and need for new pacemaker seem less frequent after TAV-in-SAV as compared to after native TAVI. 9 Yet, compared to BE-in-SAV, SE-in-SAV has been associated with numerically higher rates of ≥moderate regurgitation (SE: 0-8.9% vs. BE: 0-2.5%) and pacemaker need (SE: 0-12.2% vs. BE: 0-5%) whereas stroke rates seem similar (SE: 0-1.6% vs. BE 0-2.7%, Table 2).

Conclusion

The Baseline Trial is an international, prospective, multicenter, randomized-controlled trial comparing the 2 most used TAV systems for the treatment of failing surgical bioprosthetic valves. Insights on TAV-SAV interactions that determine clinical outcome will help optimize patient selection, procedural planning and TAV selection in a more patient-tailored approach.
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Figure 1 .

 1 Figure 1. Study flowchart of the baseline trial. (This Figure requires colors upon publication).Patients will be enrolled in up to 50 structural heart valve sites across 12 countries in Europe and North America (Figure2). In November 2021 the first patient enrolled into the study; in June 2022 (date of manuscript submission) a total of 16 patients were randomized in 4 investigational sites. The study is conducted in accordance with the principles stated in the Declaration of Helsinki and the International Conference on Harmonization Good Clinical Practice. There is no involvement of industry and no extramural funding was used to support this work. The authors are responsible for the design and conduction the trial, the study analyses, the drafting and editing of the manuscript and its final contents. Trial administration and data management will be carried out in the Erasmus University Medical Center, Rotterdam, Netherlands. The trial is registered under ClinicalTrials.gov number NCT04843072.
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 1 Download : Download high-res image (464KB) 2. Download : Download full-size image Figure 2. Geographical overview of investigational sites and imaging core laboratories the BASELINE trial. (This Figure requires colors upon publication).

Inclusion criteria 1 . Age ≥ 18 years 2 . 1 .

 121 Failing surgical aortic bioprosthesis requiring valve replacement and eligible for transfemoral TAVI with balloon expandable or self-expanding platform per heart team consensus based on multiNot eligible for Transfemoral TAVI with SAPIEN-3 / Ultra and Evolut Pro+ 2. Multi-valve defects requiring intervention 3. Clinically unstable and/or inotropic/vasopressor /mechanical support.

  

Table 2 .

 2 TAV-in-SAV outcomes stratified for balloon-and self-expanding transcatheter valve systems.

	Empty Cell	Empty	Empty	Empty	Surgical		TAV-in-SAV outcome		
		Cell	Cell	Cell	bioprosthesis				
	Study	No.	Age	STS	%	% small	No technical	coronary	Major	Pacema
		patients	(yrs)	(%)	stented/	label size	success	occlusion	Stroke	(%)
		(study			stentless	(definition	(Embolization/			
		period)				in mm)	device retrieval /			
							need 2nd valve)			
	Balloon-expandable								
	valves									
	Dvir et al.	78	78	10%	87% /	21%	13%	3.8%	2.6% 5%
	2012	(2010-			13%	(≤19 mm)				
	VIVID	2012)								
	registry									
	Dvir et al.	246	78	9%	87% /	26%	4.1%	2%	2.4% 4.9%
	2014	(2007-			13%	(≤21 mm)	2nd valve			
	VIVID	2013)								
	registry									
	Webb et al.	365	79	9%	92% /	27%	1.9%	0.8%	2.2% 1.9%
	2017	(2012-			6%	(≤21 mm)	2nd valve			
	PARTNER 2	2014)								
	viV registry									
	Ye et al.	42	81	10%	not	19%	4.7%	2%	0%	0%
	JACC intv	(2007-			reported	(≤21 mm)				
	2015	2013)								
	single-center									
	study									
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