[bookmark: _Hlk207719431]TAVR vs. SAVR in Low-Risk Aortic Stenosis: A Systematic Review and Meta-Analysis of Safety and Efficacy


Abstract
Background: 
Transcatheter aortic valve replacement (TAVR) is a transformative intervention for severe aortic stenosis (AS), particularly in high- and intermediate-risk patients. However, its role in low-risk individuals remains under investigation. Our systematic review and meta-analysis aimed to compare the safety and efficacy of TAVR versus surgical aortic valve replacement (SAVR) in low-risk patients, focusing on mortality and procedural outcomes.
Methods: 
We included randomized controlled trials (RCTs) comparing TAVR and SAVR in patients with severe AS and a Society of Thoracic Surgeons Predicted Risk of Mortality (STS-PROM) score <4%. A thorough search of PubMed, EMBASE, and the Cochrane Library was conducted through March 20, 2019. The Cochrane Risk of Bias tool was used to assess methodological quality. Random-effects meta-analysis was performed to estimate pooled risk ratios (RRs) and 95% confidence intervals (CIs) for key outcomes.
Results: 
Four RCTs involving 2,887 patients (1,497 TAVR; 1,390 SAVR) were included. The mean age was 75.4 years, and the average STS-PROM score was 2.3%. At 1-year follow-up, TAVR reduced all-cause mortality (RR: 0.61; 95% CI: 0.39–0.96) and cardiovascular mortality (RR: 0.55; 95% CI: 0.33–0.90). TAVR was also associated with lower risks of atrial fibrillation, bleeding, and acute kidney injury but higher rates of pacemaker implantation and paravalvular leak.
Discussion: 
Limitations include moderate heterogeneity and short-term follow-up. Overall, TAVR demonstrates a survival benefit and favorable safety profile in low-risk patients, suggesting a paradigm shift in aortic valve therapy.
Other: 
Our review received no external funding and was not registered in a systematic review registry.
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Introduction and Background
Aortic stenosis (AS) is a progressive valvular disease with a growing burden, particularly in the aging population. It is estimated that approximately 12% of individuals over 75 are affected by AS, with severe cases present in around 3.4%—a prevalence expected to rise as life expectancy increases [1]. Traditionally, surgical aortic valve replacement (SAVR) has been the standard treatment for severe symptomatic AS, particularly in patients considered low surgical risk. However, the emergence of transcatheter aortic valve replacement (TAVR) has revolutionized the therapeutic landscape, initially offering a viable alternative for patients deemed high or prohibitive surgical risks. Today, TAVR has become a widely adopted procedure, with over 25,000 cases performed annually across more than 400 centers in the United States [2]. As TAVR technology has advanced and operator experience has grown, interest has shifted toward its use in lower-risk populations. Early evidence from randomized controlled trials (RCTs) has indicated promising results. The NOTION (Nordic Aortic Valve Intervention) trial, for example, found no significant differences in major clinical outcomes between TAVR and SAVR over a 5-year follow-up period in patients aged 70 years and older with lower surgical risk profiles [3][4][5]. Similarly, the LRT (Low-Risk TAVR) trial, conducted under an FDA Investigational Device Exemption, demonstrated that TAVR was both safe and feasible in low-risk patients at 1 year [6][7]. More recently, two landmark RCTs confirmed that TAVR, utilizing either balloon-expandable or self-expanding valves, was superior or non-inferior to SAVR in this population [8][9]. Despite these encouraging findings, questions remain regarding the long-term durability of transcatheter valves, consistency across device platforms, and comparative outcomes in broader clinical practice. Additionally, the variation in trial designs, including differing primary endpoints and limited power to assess individual clinical outcomes, leaves gaps in our understanding. Given the growing consideration of TAVR for low-risk patients and its potential to redefine standard care, our study aims to provide a thorough systematic review and meta-analysis of RCTs comparing TAVR and SAVR in this population, focusing on safety, efficacy, and future clinical implications.

Methods
Data Sources:
A thorough search was conducted across multiple electronic databases, including PubMed/MEDLINE (Medical Literature Analysis and Retrieval System Online), CINAHL (Cumulative Index to Nursing and Allied Health Literature), Cochrane CENTRAL (Central Register of Controlled Trials), EMBASE (Excerpta Medica Database), and Web of Science, from inception through March 20, 2019. The search was limited to peer-reviewed articles published in English. We used a combination of keywords and Medical Subject Headings (MeSH) terms such as “transcatheter aortic valve replacement (MeSH),” “transcatheter aortic valve implantation,” “TAVR,” “TAVI,” and “low risk” (Table 1). In addition to the database search, we manually screened reference lists of relevant reviews, meta-analyses, and original articles to identify additional eligible studies.
Study Selection:
Eligible studies were included based on the following criteria: (1) randomized controlled trials (RCTs) or post hoc analyses of RCTs; (2) direct comparisons of TAVR versus SAVR; (3) enrollment of low-risk patients, defined as having a Society of Thoracic Surgeons Predicted Risk of Mortality (STS-PROM) score below 4%; and (4) reporting of 1-year clinical outcomes. The study selection process adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [10].
Data Extraction and Quality Assessment:
Two independent reviewers (C.E. and T.C.E.) screened studies, assessed eligibility, and extracted data using standardized forms. Any discrepancies were resolved through discussion to achieve consensus. The extracted data included study design, baseline patient demographics, procedural characteristics, and reported outcomes. The methodological quality of the included trials was evaluated using the Cochrane risk-of-bias tool for randomized trials (RoB 2) [11].
Outcomes:
The primary outcome of interest was all-cause mortality at 1 year. Secondary outcomes included cardiovascular mortality, stroke, myocardial infarction (MI), rehospitalization due to valve or heart failure, new or worsening atrial fibrillation, permanent pacemaker (PPM) implantation, major vascular complications, life-threatening or disabling bleeding, stage 2/3 acute kidney injury (AKI), endocarditis, aortic valve reintervention, moderate or severe paravalvular leak (PVL), and New York Heart Association (NYHA) functional class ≥II, all evaluated at 1-year follow-up.
Statistical Analysis:
We used DerSimonian and Laird random-effects models to calculate pooled risk ratios (RRs) with corresponding 95% confidence intervals (CIs) for all outcomes of interest. Between-study heterogeneity was quantified using the Higgins I² statistic, with values below 25% indicating low heterogeneity and those above 75% suggesting high heterogeneity. Potential publication bias was evaluated visually via funnel plot asymmetry and formally with Egger's regression test. To assess the robustness of our findings, sensitivity analyses were performed using fixed-effect models and excluding the post hoc analysis of the SURTAVI (Surgical Replacement and Transcatheter Aortic Valve Implantation) trial. All statistical tests were two-sided, with a significance threshold of p < 0.05. Data analyses were conducted using Review Manager version 5.3 (The Nordic Cochrane Center, The Cochrane Collaboration, Copenhagen, Denmark) and Meta-Essentials version 1.4 [12].


Results
A total of 578 articles were initially identified through database searches. After removing duplicates, 488 articles underwent title and abstract screening. Of these, 479 were excluded for review articles, meta-analyses, observational studies, or involving mixed-risk patient populations. Ultimately, nine full-text articles were assessed for eligibility (Figure 1), with four studies meeting the inclusion criteria for this meta-analysis [3][8][9][13]. Detailed characteristics of these studies are presented in Table 2. Among the included studies, three were randomized controlled trials (RCTs), while one was a post hoc analysis of an RCT. These studies encompassed 2,887 patients—1,497 assigned to TAVR and 1,390 to SAVR.
Across the TAVR cohort, self-expanding valves were utilized in 1,001 patients (66.9%), while balloon-expandable valves were used in 496 patients (33.1%). Risk-of-bias evaluation indicated a "low risk" in three studies, with "some concerns" noted for the post hoc analysis (Table 3). The baseline demographic and procedural characteristics of the included patients are summarized in Table 4. The average patient age was 75.4 years, with male participants comprising 53.2% and 69.3% of the study population. The mean STS-PROM score across studies was 2.3%.
In patients with severe AS deemed low-risk, TAVR significantly reduced the risk of all-cause mortality at 1 year compared with SAVR (2.1% vs. 3.5%; RR: 0.61; 95% CI: 0.39–0.96; p = 0.03; I² = 0%) (Central Illustration [Figure 2]). Furthermore, TAVR was associated with a lower risk of cardiovascular death (1.6% vs. 2.9%; RR: 0.55; 95% CI: 0.33–0.90; p = 0.02; I² = 0%). However, no significant differences were observed between TAVR and SAVR for stroke (3.0% vs. 4.2%; RR: 0.68; 95% CI: 0.43–1.07; p = 0.10; I² = 17%), myocardial infarction (1.7% vs. 2.1%; RR: 0.78; 95% CI: 0.46–1.34; p = 0.37; I² = 0%), or valve/heart failure-related rehospitalizations (5.2% vs. 7.9%; RR: 0.72; 95% CI: 0.42–1.23; p = 0.23; I² = 62%) (Figure 3).
TAVR demonstrated notable advantages over SAVR in reducing new or worsening atrial fibrillation (10.0% vs. 39.4%; RR: 0.27; 95% CI: 0.20–0.32; p < 0.001; I² = 63%), life-threatening or disabling bleeding (3.9% vs. 11.2%; RR: 0.37; 95% CI: 0.24–0.55; p < 0.001; I² = 42%), and stage 2/3 acute kidney injury (0.7% vs. 2.9%; RR: 0.26; 95% CI: 0.13–0.52; p < 0.001; I² = 0%). Conversely, higher rates of permanent pacemaker implantation (17.4% vs. 5.5%; RR: 3.85; 95% CI: 1.73–8.58; p = 0.001; I² = 85%) and moderate-to-severe paravalvular leak (3.6% vs. 1.7%; RR: 2.16; 95% CI: 1.03–4.54; p = 0.04; I² = 18%) were observed with TAVR.
No significant differences emerged between TAVR and SAVR in the incidence of major vascular complications (3.6% vs. 2.4%; RR: 1.66; 95% CI: 0.89–3.11; p = 0.11; I² = 30%), endocarditis (0.4% vs. 0.6%; RR: 0.73; 95% CI: 0.24–2.20; p = 0.58; I² = 0%), aortic valve reintervention (1.1% vs. 0.6%; RR: 0.75; 95% CI: 0.67–4.59; p = 0.25; I² = 3%), or NYHA functional class ≥II (21.2% vs. 17.6%; RR: 1.24; 95% CI: 0.96–1.61; p = 0.11; I² = 45%) (Figure 4).
Visual assessment of funnel plots suggested some asymmetry, indicating the potential for publication bias. However, Egger’s regression test did not find evidence of publication bias across most outcomes, except for major vascular complications (p = 0.025) (Figure 5).
Sensitivity analyses using fixed-effects models yielded consistent results (Table 5). When excluding the post hoc analysis from the SURTAVI trial, results remained largely similar, though the reduction in all-cause mortality lost statistical significance (RR: 0.66; 95% CI: 0.41–1.06; p = 0.09; I² = 0%). Interestingly, valve/heart failure rehospitalization became significantly lower with TAVR compared to SAVR in this subset (RR: 0.59; 95% CI: 0.43–0.81; p = 0.001; I² = 0%) (Table 6).


Discussion
Our meta-analysis of randomized controlled trials (RCTs) evaluating transcatheter aortic valve replacement (TAVR) versus surgical aortic valve replacement (SAVR) in low-risk patients with severe aortic stenosis (AS) demonstrates a significant reduction in both all-cause and cardiovascular mortality at one year with TAVR. Additionally, TAVR was associated with decreased incidences of new or worsening atrial fibrillation, life-threatening or disabling bleeding, and stage 2/3 acute kidney injury (AKI) when compared to SAVR. Stroke, myocardial infarction (MI), heart failure rehospitalization, major vascular complications, endocarditis, aortic valve reintervention, and New York Heart Association (NYHA) functional class ≥II showed no significant differences between the two interventions. However, higher rates of permanent pacemaker (PPM) implantation and moderate to severe paravalvular leak (PVL) were noted following TAVR. This represents the first comprehensive meta-analysis focused exclusively on RCTs comparing these procedures in a low-risk population.
Since its initial FDA approval in 2011 for inoperable patients, the application of TAVR has rapidly expanded to include individuals at high and intermediate surgical risk. Yet, among low-risk patients and younger cohorts, SAVR has traditionally remained the standard of care [14]. Prior observational studies exploring TAVR in low-risk populations have yielded inconsistent results [15][16][17]. The landmark NOTION trial first indicated that, in patients over 70 years old with predominantly low STS-PROM scores (<4%), TAVR was non-inferior to SAVR for the composite outcome of death, MI, or stroke at one year, with these findings sustained over a five-year follow-up [3][4][5]. More recently, pivotal trials such as PARTNER 3 and Evolut Low Risk established the noninferiority—and, in some endpoints, superiority—of TAVR compared to SAVR in low-risk individuals [8][9]. However, it is essential to recognize that these studies utilized varying composite endpoints and were not specifically powered to detect differences in the individual components of these outcomes.
In this meta-analysis concentrating on discrete endpoints, TAVR demonstrated a 39% relative risk reduction for all-cause mortality and a 45% reduction for cardiovascular mortality compared to SAVR in low-risk patients with severe AS. While sensitivity analysis excluding the post hoc SURTAVI data rendered all-cause mortality statistically nonsignificant (p = 0.09), the relative risk remained favorable toward TAVR (RR: 0.66), suggesting that insufficient power rather than effect size explains the loss of significance. The mortality benefits observed align with the individual results from PARTNER 3 and Evolut Low Risk [8][9], although neither trial was independently powered to assess mortality differences. Multiple factors likely underpin the survival advantage of TAVR, including its minimally invasive approach, expedited recovery, and the reduction of complications like atrial fibrillation, bleeding, and AKI, all of which are strongly correlated with poorer outcomes [18][19][20][21].
Regarding stroke risk, this analysis found no significant difference between TAVR and SAVR at one year. However, TAVR was associated with increased rates of PPM implantation and moderate/severe PVL. These adverse outcomes are particularly pronounced with self-expanding valves, as seen in three of the four included trials, including the NOTION trial, which employed the first-generation CoreValve (Medtronic, Dublin, Ireland) and reported the highest rates of PPM (38%) and moderate/severe aortic regurgitation (15.7%) at one year [3]. Due to the limited number of RCTs and the valve-specific designs of each study (either self-expanding or balloon-expandable), we could not conduct a formal meta-regression to assess whether valve type modifies the risk of PPM implantation or PVL in low-risk cohorts. Interestingly, in the PARTNER 3 trial using a balloon-expandable valve, PPM and PVL rates were comparably low between TAVR and SAVR (7.3% vs. 5.4% and 0.6% vs. 0.5%, respectively) [8].
The implications of these findings are considerable. The observed reductions in mortality suggest that TAVR is the preferred strategy over SAVR for select low-risk patients (STS-PROM <4%) with severe AS who are eligible for bioprosthetic valve replacement via transfemoral access. However, it is crucial to note that specific anatomical exclusions—such as bicuspid or unicuspid valves, noncalcified aortic valves, previous valve replacements, or significant concomitant valve diseases—were uniformly excluded from key trials like PARTNER 3 and Evolut Low Risk [8][9]. Consequently, our meta-analysis findings are not generalizable to low-risk patients with these features. Moreover, although no strict age limits were applied in trials like SURTAVI, PARTNER 3, and Evolut Low Risk, enrolled patients were predominantly older and suitable for bioprosthetic valves, reinforcing the caution against extrapolating these results to younger patients who may derive long-term benefits from mechanical valve prostheses.
Another critical consideration is the uncertain long-term durability of transcatheter heart valves. Data from long-term registries such as the UK TAVI and FRANCE-2 suggest moderate rates of structural valve deterioration (SVD) between five and ten years post-implantation [25][26]. Conversely, NOTION trial findings up to six years reported lower rates of moderate/severe SVD in TAVR compared with SAVR (4.8% vs. 24%, p < 0.001) [27]. Ongoing extended follow-up from PARTNER 3 and Evolut Low Risk aims to clarify valve durability over a decade, which will be pivotal for guiding the optimal management of low-risk patients, particularly younger individuals with longer life expectancies.

Study Limitations
This meta-analysis has several limitations worth noting. First, the analysis was based on aggregated study-level data rather than individual patient-level data, limiting our ability to perform more granular subgroup analyses. Second, although longer-term outcomes at 2 and 5 years have been reported from the NOTION trial, we focused on 1-year outcomes to align with the original study protocols and ensure consistency in follow-up periods across all included trials [3][4][5]. Third, event rates for the Evolut Low-Risk trial were estimated using Bayesian analysis (median of the posterior probability distribution) rather than actual observed incidence data, which may introduce some estimation bias [9]. Fourth, the absence of detailed event timing across the included studies prevented us from conducting time-to-event analyses or applying competing risk models. Lastly, the relatively small number of available RCTs limited our ability to perform meta-regression to explore the impact of potential effect modifiers, such as patient age, prosthetic valve type, and other clinical variables, on the comparative outcomes of TAVR versus SAVR in this low-risk population [28].

Other information
Our review was not registered, and a formal protocol was not prepared; therefore, no amendments were made. The authors received no financial or non-financial support, and no funders or sponsors had any role in the review. The authors declare no competing interests, and all data, materials, and relevant documentation used in this review are included in the published article.

Conclusion 
This meta-analysis of randomized controlled trials evaluating TAVR versus SAVR in low-risk patients with severe aortic stenosis demonstrated that TAVR is associated with a significantly reduced risk of all-cause and cardiovascular mortality at 1 year. Additionally, TAVR showed lower incidences of new or worsening atrial fibrillation, life-threatening or disabling bleeding, and stage 2/3 acute kidney injury. However, it was linked to higher rates of permanent pacemaker implantation and moderate to severe paravalvular leak compared to SAVR. These results align with recent landmark RCTs and strengthen the growing evidence supporting TAVR as a favorable alternative to SAVR in appropriately selected low-risk patients undergoing bioprosthetic aortic valve replacement. However, ongoing surveillance of long-term clinical outcomes and prosthetic valve durability remains essential to fully establishing the role of TAVR in this population.

Perspectives
· COMPETENCY IN PATIENT CARE AND PROCEDURAL SKILLS: This meta-analysis demonstrates that among low-risk patients with severe aortic stenosis (AS), as defined within the randomized controlled trials, transcatheter aortic valve replacement (TAVR) offers a significant reduction in both all-cause mortality and cardiovascular mortality at 1-year follow-up when compared with surgical aortic valve replacement (SAVR).
· TRANSLATIONAL OUTLOOK: Extended follow-up of low-risk patient cohorts from these pivotal trials is essential to better clarify the long-term performance of TAVR relative to SAVR, particularly regarding overall survival, structural valve durability, and the incidence of late adverse events.
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Figure 1[image: ] : PRISMA Study Selection Flow Diagram
Five hundred seventy-eight records were identified, with 488 remaining after duplicate removal. Title and abstract screening excluded 479 studies. Of nine full-text articles reviewed, four met the inclusion criteria for meta-analysis. Abbreviations: NOTION – Nordic Aortic Valve Intervention Trial; PRISMA – Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RCT – randomized controlled trial; SAVR – surgical aortic valve replacement; TAVR – transcatheter aortic valve replacement.

Figure 2[image: ]: Central Illustration
One-year outcomes of TAVR vs. SAVR in low-risk patients with severe aortic stenosis are presented for all-cause death (A) and cardiovascular death (B). TAVR showed a significantly lower risk of all-cause mortality (2.1% vs. 3.5%; RR: 0.61; 95% CI: 0.39–0.96; p = 0.03; I² = 0%) and cardiovascular mortality (1.6% vs. 2.9%; RR: 0.55; 95% CI: 0.33–0.90; p = 0.02; I² = 0%) compared to SAVR.
Abbreviations: CI – confidence interval; M-H – Mantel-Haenszel; NOTION – Nordic Aortic Valve Intervention Trial; PARTNER – Placement of Aortic Transcatheter Valves; RR – risk ratio; SAVR – surgical aortic valve replacement; STS – Society of Thoracic Surgeons; SURTAVI – Surgical Replacement and Transcatheter Aortic Valve Implantation; TAVR – transcatheter aortic valve replacement.
Figure 3[image: ]: Stroke, MI, and Valve/Heart Failure Rehospitalization at 1 Year After TAVR Versus SAVR in Low-Risk Patients
One-year rates of stroke (A), myocardial infarction (B), and valve/heart failure rehospitalization (C) in low-risk patients with severe aortic stenosis showed no significant differences between TAVR and SAVR. Stroke occurred in 3.0% vs. 4.2% (RR: 0.68; 95% CI: 0.43–1.07; p = 0.10; I² = 17%), MI in 1.7% vs. 2.1% (RR: 0.78; 95% CI: 0.46–1.34; p = 0.37; I² = 0%), and rehospitalization in 5.2% vs. 7.9% (RR: 0.72; 95% CI: 0.42–1.23; p = 0.23; I² = 62%).
Abbreviations: CI – confidence interval; M-H – Mantel-Haenszel; MI – myocardial infarction; NOTION – Nordic Aortic Valve Intervention Trial; PARTNER – Placement of Aortic Transcatheter Valves; RR – risk ratio; SAVR – surgical aortic valve replacement; STS – Society of Thoracic Surgeons; SURTAVI – Surgical Replacement and Transcatheter Aortic Valve Implantation; other abbreviations as in Figure 1.
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[bookmark: _Hlk207719412]Figure 4: TAVR vs SAVR in Low-Risk Patients

A) New/Worsening Atrial Fibrillation
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B) Life-Threatening/Disabling Bleeding
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C) AKI Stage 2/3
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D) Permanent Pacemaker Implantation
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E) Moderate/Severe PVL
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F) Major Vascular Complications
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G) Endocarditis
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H) Aortic Valve Reintervention
[image: ]



I) NYHA Functional Class >II
[image: ]


Figure 5: Publication Bias Assessment

A) Death
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B) Cardiovascular Death
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C) Stroke
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D) Myocardial Infarction
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E) Valve/Heart Failure Rehospitalization
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F) New/Worsening Atrial Fibrillation
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G) Life-Threatening/Disabling Bleeding
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H) AKI Stage 2/3

[image: ]

	 
	Estimate
	SE
	CI LL
	CI UL

	Intercept
	-1.64
	0.46
	-3.09
	-0.18

	Slope
	-0.04
	0.42
	-1.39
	1.30

	
	
	
	
	

	t test
	-3.59
	
	
	

	p-value
	0.070
	
	
	





I) Permanent Pacemaker Implantation
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J) Moderate/Severe PVL
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K) Major Vascular Complications
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L) Endocarditis

[image: ]

	 
	Estimate
	SE
	CI LL
	CI UL

	Intercept
	-2.81
	1.33
	-7.05
	1.42

	Slope
	2.80
	1.51
	-2.01
	7.61

	
	
	
	
	

	t test
	-2.12
	
	
	

	p-value
	0.169
	
	
	





M) Aortic Valve Reintervention
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N) NYHA Functional Class ≥II
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Table 1. Electronic Database Search Strategy
	Database
	Search Strategy
	Search Results
	Articles After Excluding Duplicates

	PubMed/MEDLINE
	(((("transcatheter aortic valve replacement"[Title/Abstract]) OR "transcatheter aortic valve implantation"[Title/Abstract]) OR TAVR[Title/Abstract]) OR TAVI[Title/Abstract]) AND "low risk"[Title/Abstract]
	167
	138

	CINAHL
	( AB 'transcatheter aortic valve replacement' OR AB 'transcatheter aortic valve implantation' OR AB 'TAVR' OR AB 'TAVI' ) AND 
AB 'low risk'
	33
	31

	Cochrane CENTRAL
	'transcatheter aortic valve replacement' OR 'transcatheter aortic valve implantation' OR 'TAVR' OR 'TAVI' in Title Abstract Keyword AND 
'low risk' in Title Abstract Keyword
	82
	79

	EMBASE
	'transcatheter aortic valve replacement':ab,ti OR 'transcatheter aortic valve implantation':ab,ti OR 'tavr':ab,ti OR 'tavi':ab,ti AND
'low risk':ab,ti
	268
	239

	Web of Science
	TI=("transcatheter aortic valve replacement" OR "transcatheter aortic valve implantation" OR TAVR OR TAVI) AND 
TI=("low risk")
	28
	1


MEDLINE = Medical Literature Analysis and Retrieval System Online; CINAHL = Cumulative Index to Nursing and Allied Health Literature; CENTRAL = Central Register of Controlled Trials; EMBASE = Excerpta Medica Database.

Table 2: Characteristics of the Included Trials
	Empty Cell
	NOTION [3]
	SURTAVI (STS <3%) [13]
	PARTNER 3 [8]
	Evolut Low Risk [9]

	Year
	2015
	2018
	2019
	2019

	Study design
	RCT, superiority
	Post hoc analysis of RCT
	RCT, noninferiority and superiority
	RCT, noninferiority

	N
	280
	[bookmark: btbl1fnlowast]254∗
	950
	1,403

	Key inclusion criteria
	≥70 yrs of age; severe AS; heart team evaluation; symptomatic; asymptomatic with LVPWT ≥17 mm, decreasing LVEF, or new onset atrial fibrillation; >1 yr survival.
	Symptomatic severe AS; STS 3% to 15% and intermediate risk of operative mortality per heart team.
	Severe calcific AS and NYHA functional class ≥2, exercise tolerance test demonstrating a limited exercise capacity, abnormal BP response, or arrhythmia, or asymptomatic with LVEF <50%; STS <4% and low risk of operative mortality per heart team; eligible for transfemoral access.
	Severe AS; symptomatic or asymptomatic with very severe AS, exercise tolerance test demonstrating a limited exercise capacity, abnormal BP response, or arrhythmia, or LVEF <50%; STS <3% and low risk of operative mortality per heart team.

	Key exclusion criteria
	Concomitant severe valve disease; CAD requiring intervention; prior cardiac surgery; MI or stroke within 30 days; ESRD on dialysis; pulmonary failure with FEV1 or diffusion capacity <40% of expected.
	Unicuspid or bicuspid aortic valve; severe AR/MR/TR; severe MS; multivessel CAD with SYNTAX score >22 and/or UPLM; MI ≤30 days before trial procedure; percutaneous coronary/peripheral intervention within 30 days before randomization; recent (<6 months) stroke/TIA; LVEF <20%; ESRD on dialysis or CrCl <20 ml/min; liver failure (Child C); severe COPD (FEV1 <750 ml); pulmonary artery systolic pressure >80 mm Hg; severe dementia; clinical frailty; estimated life expectancy <24 months.
	Unicuspid, bicuspid, or non-calcified aortic valve; severe AR/MR (>3+), ≥moderate MS; pre-existing bioprosthetic or mechanical valve in any position; complex CAD; MI within 30 days before randomization; stroke/TIA within 90 days of randomization; active bacterial endocarditis within 180 days of randomization; LVEF <30%; eGFR <30 or dialysis; severe lung disease (FEV1 <50% predicted) or home oxygen; severe pulmonary hypertension; cirrhosis or active liver disease; clinical frailty; estimated life expectancy <24 months.
	Bicuspid aortic valve; severe MR/TR; moderate or severe MS; pre-existing prosthetic heart valve in any position; multivessel CAD with SYNTAX score >22 and/or UPLM; MI ≤30 days before trial procedure; percutaneous coronary/peripheral intervention with BMS within 30 days or DES within 180 days before randomization; recent (<2 months) stroke/TIA; severe dementia; estimated life expectancy <24 months.

	TAVR valve type
	CoreValve (100%) (Medtronic, Dublin, Ireland)
	CoreValve (84%) or Evolut R (16%) (Medtronic, Dublin, Ireland)
	Sapien 3 (100%) (Edwards Lifesciences, Irvine, California)
	CoreValve (3.6%), Evolut R (74.1%), or Evolut PRO (22.3%) (Medtronic, Dublin, Ireland)

	Primary endpoint
	Composite of all-cause death, stroke, or MI at 1 yr.
	Composite of all-cause death or disabling stroke at 24 months.
	Composite of all-cause death, stroke, or rehospitalization at 1 yr.
	Composite of all-cause death or disabling stroke at 24 months.


AR = aortic regurgitation; AS = aortic stenosis; BMS = bare-metal stent; BP = blood pressure; CAD = coronary artery disease; COPD = chronic obstructive pulmonary disease; CrCl = creatinine clearance; DES = drug-eluting stents; eGFR = estimated glomerular filtration rate; ESRD = end-stage renal disease; FEV1 = forced expiratory volume in 1 second; LVEF = left ventricular ejection fraction; LVPWT = left ventricular posterior wall thickness; MI = myocardial infarction; MR = mitral regurgitation; MS = mitral stenosis; NOTION = Nordic Aortic Valve Intervention Trial; NYHA = New York Heart Association; PARTNER = Placement of Aortic Transcatheter Valves; RCT = randomized controlled trial; STS = Society of Thoracic Surgeons; SURTAVI = Surgical Replacement and Transcatheter Aortic Valve Implantation; SYNTAX = Synergy Between PCI with Taxus and Cardiac Surgery; TIA = transient ischemic attack; TR = tricuspid regurgitation; UPLM = unprotected left main coronary artery.
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Table 4. Baseline Patient and Procedural Characteristics 
	
	NOTION
	SURTAVI (STS <3%)
	PARTNER 3
	Evolut Low Risk

	
	TAVR
	SAVR
	TAVR
	SAVR
	TAVR
	SAVR
	TAVR
	SAVR

	
	(n=145)
	(n=135)
	(n=131)
	(n=123)
	(n=496)
	(n=454)
	(n=725)
	(n=678)

	Age, years
	79.2 ± 4.9
	79.0 ± 4.7
	75.1 ± 6.5
	75.4 ± 5.5
	73.3 ± 5.8
	73.6 ± 6.1
	74.1 ± 5.8
	73.6 ± 5.9

	Male sex
	78 (53.8)
	71 (52.6)
	89 (67.9)
	84 (68.3)
	335 (67.5)
	323 (71.1)
	464 (64.0)
	449 (66.2)

	STS-PROM score, %
	2.9 ± 1.6
	3.1 ± 1.7
	2.3 ± 0.5
	2.3 ± 0.5
	1.9 ± 0.7
	1.9 ± 0.6
	1.9 ± 0.7
	1.9 ± 0.7

	Logistic EuroSCORE II, %
	1.9 ± 1.2
	2.0 ± 1.3
	—
	—
	1.5 ± 1.2
	1.5 ± 0.9
	
	

	NYHA class III or IV
	70 (48.6)
	61 (45.5)
	53 (40.5)
	60 (48.8)
	155 (31.2)
	108 (23.8)
	182 (25.1)
	193 (28.4)

	Diabetes mellitus
	26 (17.9)
	28 (20.7)
	30 (22.9)
	21 (17.1)
	155 (31.2)
	137 (30.2)
	228 (31.4)
	207 (30.5)

	Creatinine >2 mg/dL
	2 (1.4)
	1 (0.7)
	0 (0.0)
	1 (0.8)
	1 (0.2)
	1 (0.2)
	3 (0.4)
	1 (0.1)

	Hypertension
	103 (71.0)
	103 (76.3)
	—
	—
	—
	—
	614 (84.8)
	559 (82.6)

	Peripheral vascular disease
	6 (4.1)
	9 (6.7)
	25 (19.1)
	18 (14.6)
	34 (6.9)
	33 (7.3)
	54 (7.5)
	56 (8.3)

	Prior stroke/TIA
	24 (16.6)
	22 (16.3)
	21 (16.1)
	14 (11.4)
	17 (3.4)*
	23 (5.1)*
	74 (10.2)
	80 (11.8)

	Chronic lung disease
	17 (11.7)
	16 (11.9)
	9 (6.9)
	4 (3.3)
	25 (5.1)
	28 (6.2)
	104 (15.0)
	117 (18.0)

	CAD
	—
	—
	63 (48.1)
	63 (51.2)
	137 (27.7)
	127 (28.0)
	—
	—

	Prior PCI
	11 (7.6)
	12 (8.9)
	28 (21.4)
	18 (14.6)
	—
	—
	103 (14.2)
	87 (12.8)

	Prior CABG
	—
	—
	10 (7.6)
	9 (7.3)
	—
	—
	18 (2.5)
	14 (2.1)

	Prior MI
	8 (5.5)
	6 (4.4)
	14 (10.7)
	10 (8.1)
	28 (5.7)
	26 (5.8)
	48 (6.6)
	33 (4.9)

	Prior PPM/ICD
	5 (3.4)
	6 (4.4)
	9 (6.9)
	6 (4.9)
	12 (2.4)
	13 (2.9)
	23 (3.2)
	26 (3.8)

	Atrial fibrillation/flutter
	40 (27.8)
	34 (25.6)
	33 (25.2)
	28 (22.8)
	78 (15.7)
	85 (18.8)
	111 (15.4)
	98 (14.5)

	AVA, cm2
	—
	—
	—
	—
	0.8 ± 0.2
	0.8 ± 0.2
	0.8 ± 0.2
	0.8 ± 0.2

	AV gradient, mmHg
	—
	—
	—
	—
	49.4 ± 12.8
	48.3 ± 11.8
	47.0 ± 12.1
	46.6 ± 12.2

	LVEF, %
	—
	—
	—
	—
	65.7 ± 9.0
	66.2 ± 8.6
	61.7 ± 7.9
	61.9 ± 7.7

	Procedural characteristics
	
	
	
	
	
	
	
	

	Transfemoral access
	137 (96.5)
	N/A
	—
	N/A
	496 (100)
	N/A
	718 (99.0)
	N/A

	Conscious sedation
	26 (18.3)
	N/A
	—
	N/A
	323 (65.1)
	N/A
	312 (43.1)
	N/A

	Implantation of >1 valves
	4 (2.8)
	N/A
	—
	N/A
	1 (0.2)
	N/A
	9 (1.2)
	N/A

	Pre-dilation (BAV)
	—
	N/A
	—
	N/A
	286 (57.8)
	N/A
	253 (34.9)
	N/A

	Post-dilation
	—
	N/A
	—
	N/A
	103 (20.9)
	N/A
	227 (31.3)
	N/A

	Conversion to surgery
	3 (2.1)
	N/A
	—
	N/A
	1 (0.2)
	N/A
	4 (0.6)
	N/A

	Total procedure time, min
	90.3 ± 38.6
	177.2 ± 39.8
	—
	—
	58.6 ± 36.5
	208.3 ± 62.2
	148.2 ± 55.1
	276.6 ± 79.5

	Total CPB time, min
	N/A
	—
	N/A
	—
	N/A
	97.7 ± 33.8
	N/A
	93.4 ± 40.2

	Total aortic cross clamp time, min
	N/A
	—
	N/A
	—
	N/A
	74.3 ± 27.8
	N/A
	68.7 ± 29.0



*prior stroke
— indicates data not available
Baseline characteristics were well-balanced in all studies, except a higher percentage of patients with prior TIA in TAVR vs. SAVR in SURTAVI (STS <3%) (p=0.029), and a higher percentage of patients with NYHA class III or IV in TAVR vs. SAVR in PARTNER 3. 
STS PROM = Society of Thoracic Surgeons Predicted Risk of Mortality; NYHA = New York Heart Association; TIA = transient ischemic attack; CAD = coronary artery disease; PCI = percutaneous coronary intervention; CABG = coronary artery bypass grafting; MI = myocardial infarction; PPM/ICD = permanent pacemaker/implantable cardioverter-defibrillator; AVA = aortic valve area; LVEF = left ventricular ejection fraction; BAV = balloon aortic valvuloplasty; N/A = not applicable.

Table 5: Sensitivity Analysis Using Fixed-Effect Models
	Outcome
	RR (95% CI)
	P Value
	I2

	All-Cause Death
	0.60 (0.39-0.94)
	0.02
	0%

	Cardiovascular Death
	0.54 (0.33-0.90)
	0.02
	0%

	Stroke
	0.71 (0.49-1.04)
	0.08
	17%

	Myocardial Infarction
	0.78 (0.46-1.34)
	0.37
	0%

	Rehospitalization
	0.72 (0.42-1.23)
	0.23
	62%

	New/Worsening Atrial Fibrillation
	0.26 (0.22-0.30)
	<0.001
	63%

	Life-Threatening/Disabling Bleeding
	0.35 (0.26-0.46)
	<0.001
	42%

	AKI Stage 2/3
	0.24 (0.12-0.47)
	<0.001
	0%

	PPM Implantation
	3.14 (2.46-4.01)
	<0.001
	85%

	Moderate/Severe PVL
	2.28 (1.25-4.16)
	0.007
	18%

	Major Vascular Complications
	1.51 (0.99-2.31)
	0.06
	30%

	Endocarditis
	0.71 (0.26-1.97)
	0.51
	0%

	Aortic Valve Reintervention
	2.00 (0.82-4.87)
	0.13
	3%

	NYHA Class ≥II
	1.20 (1.00-1.45)
	0.05
	45%


PPM = permanent pacemaker; AKI = acute kidney injury; PVL = paravalvular leak; NYHA = New York Heart Association
Table 6: Sensitivity Analysis After Excluding Post Hoc Analysis of SURTAVI Trial
	Outcome
	RR (95% CI)
	P Value
	I2

	All-Cause Death
	0.66 (0.41-1.06)
	0.09
	0%

	Cardiovascular Death
	0.56 (0.33-0.94)
	0.03
	0%

	Stroke
	0.71 (0.40-1.25)
	0.23
	30%

	Myocardial Infarction
	0.74 (0.43-1.27)
	0.28
	0%

	Rehospitalization
	0.59 (0.43-0.81)
	0.001
	0%

	New/Worsening Atrial Fibrillation
	0.25 (0.18-0.36)
	<0.001
	72%

	Life-Threatening/Disabling Bleeding
	0.35 (0.22-0.56)
	<0.001
	57%

	AKI Stage 2/3
	0.27 (0.14-0.56)
	<0.001
	0%

	PPM Implantation
	3.42 (1.33-8.82)
	0.01
	88%

	Moderate/Severe PVL
	2.16 (1.03-4.54)
	0.04
	18%

	Major Vascular Complications
	1.49 (0.83-2.67)
	0.18
	27%

	Endocarditis
	0.82 (0.25-2.66)
	0.74
	0%

	Aortic Valve Reintervention
	1.24 (0.43-2.56)
	0.69
	0%

	NYHA Class ≥II
	1.24 (0.96-1.61)
	0.11
	45%


PPM = permanent pacemaker; AKI = acute kidney injury; PVL = paravalvular leak; NYHA = New York Heart Association
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