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ARTICLE INFO ABSTRACT
Keywords: Transcatheter aortic valve replacement (TAVR) is considered more effective than surgical aortic valve implan-
Balloon-expandable valves tation for patients with a small aortic annulus (SAA), however, the comparative efficacy of different transcatheter

Self-expanding valves

. heart valves (THVs) remains uncertain. A literature search was performed across databases from their inception
Transcatheter aortic valve replacement

until June 2024 to identify eligible randomized controlled trials (RCTs) and propensity-score matched (PSM)
studies. Clinical outcomes were evaluated using a random-effects model to pool risk ratios (RRs) with 95 %
confidence intervals (CIs). The analysis included 10 studies with 2,960 patients. BEVs were associated with a
significantly smaller indexed effective orifice area (MD: —0.18, 95 % CI: —0.27 to —0.10), and a higher trans-
valvular mean pressure gradient (MD: 5.07, 95 % CI 3.43 to 6.71) than SEVs. The risk for prosthesis-patient
mismatch (PPM) (RR = 1.89, 95 % CI: 1.42 to 2.51) and severe PPM (RR = 2.80, 95 % CI: 1.96 to 4.0) was
significantly higher for patients receiving BEVs than those receiving SEVs. Although nonsignificant differences
were observed between BEVs and SEVs regarding 30-day and 1-year all-cause mortality, 30-day stroke rates,
vascular complication, paravalvular leak, and permanent pacemaker implantation (p > 0.05), patients receiving
BEVs were associated with a significantly increased risk of 1-year cardiovascular mortality (RR = 1.61, 95 % CI:
1.05 to 2.47) compared to those receiving SEVs. In patients with SAA, BEVs demonstrated worse hemodynamic
performance as determined by the higher risk of moderate and severe PPM compared to SEVs. Moreover, the use
of BEVs was associated with a higher risk of 1-year cardiovascular mortality.
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1. Introduction

In the United States, the prevalence of aortic stenosis (AS) is around
1.5 million people, from which almost 500,000 people have severe AS
[1]. Since the introduction of transcatheter aortic valve implantation
(TAVI), it has emerged as an effective substitute for surgery for man-
aging patients with symptomatic severe AS [2,3]. It is well-established
that patients with a small aortic annulus (SAA) have a greater risk of
experiencing prosthesis-patient mismatch (PPM), and the presence of
PPM has been linked with an increased risk of all-cause mortality [4].
Owing to the lower rates of PPM and superior hemodynamic perfor-
mance associated with TAVI, patients with SAA may gain greater benefit
from TAVI compared to surgical aortic valve replacement [5].

However, considering the uncertainty in the comparative efficacy of
different types of transcatheter heart valves (THVs), it is important to
assess different valve types for differences in clinical outcomes and he-
modynamic performance in patients with SAA. Herein, we designed and
conducted a meta-analysis to compare SEVs and BEVs in patients with
SAA who underwent TAVL.

2. Methods

This systematic review and meta-analysis followed the guidelines of
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [6] and the protocol of review was registered with
PROSPERO (CRD42024576844).

2.1. Literature search

Authors (IT and MFR) performed a search of PubMed, Cochrane,
Clinicaltrials.gov, and Google Scholar independently for randomized
controlled trials (RCTs) and observational studies with propensity score
matching (PSM). The search strategy included all relevant PubMed entry
terms and Medical Subject Headings (MeSH) terms: ((Transcatheter
aortic valve implantation) OR (transcatheter aortic valve replacement))
AND ((balloon expandable) OR (SAPIEN*)) OR ((self-expanding) OR
(CoreValve) OR (evolutr) OR (portico) OR (acurateneo) OR (Engager))
AND ((small annulus) OR (annular size)). The words were searched in
different combinations to retrieve desired results across different data-
bases. Previous meta-analyses were retrieved and carefully studied to
identify research gaps and any additional studies. The databases were
searched from inception to July 2024. Relevant search strategies for
individual databases are recorded in Table S1.

2.2. Study selection criteria and data Extraction

All the articles were imported into Mendeley Desktop 2.112.1
(Mendeley Ltd., Amsterdam, Netherlands), and duplicates were filtered
out. Two authors (I.T. and A.M.) independently reviewed the titles and
abstracts of the studies and excluded those that didn’t meet the inclusion
criteria. The full texts of the remaining articles were then evaluated
against the eligibility criteria. Any disagreements regarding the data
were resolved through discussion, consulting the original article, or
seeking the opinion of a third reviewer (M.A.).

The Studies were included if they fulfilled the following eligibility
criteria: (i) published RCTs (ii) PSM studies (iii) Patients who went
under TAVI with either self-expanding or balloon-expandable valves
having SAA (iv) Evaluated at least one of the predetermined hemody-
namic or clinical outcomes. The primary outcomes included indexed
effective orifice area (iEOA), transvalvular mean/peak pressure
gradient, and para-valvular leak. The secondary outcomes included
prosthesis-patient mismatch (PPM), severe PPM, 30-day all-cause mor-
tality, 1-year all-cause mortality, 30-day cardiovascular (CV) mortality,
1-year CV mortality, 30-day stroke, pacemaker implantation, major
bleeding, any vascular complication, acute kidney injury (AKI),
myocardial infarction (MI), and worsening heart failure related
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hospitalizations (HHF). The studies that were excluded were either
observational studies without PSM analysis or ongoing RCTs. Other non-
relevant study designs such as case reports and studies with animal
subjects were also excluded.

The data for baseline characteristics of included studies was extrac-
ted along with the number of events/ the total number of patients for
categorical outcomes, while for continuous outcomes, the total number
of patients was recorded along with respective mean (standard devia-
tion) were retrieved.

2.3. Risk of bias

The risk of bias was evaluated differently for the two different study
designs included. Two authors (AA and MA) independently evaluated
the risk of bias using the “Cochrane Risk of Bias tool (RoB 2.0)” and
“Risk Of Bias In Non-randomized Studies — of Interventions (ROBINS-I)”
for RCTs and PSM studies, respectively. A third author (RA) reviewed
the quality assessment and conflicts were resolved after discussion
amongst the three authors.

2.4. Data analysis

The statistical analysis was conducted using R version 4.4.1 and
‘meta’ and ‘metasens’ packages were employed to perform meta-anal-
ysis. Risk ratios (RR) with corresponding 95 % confidence intervals (CI)
were pooled for dichotomous outcomes while for continuous outcomes
weighted mean deviations (WMD) with corresponding 95 % CI were
calculated. To account for inter-study variations, DerSimonian and Laird
random effects models were employed [7]. The Paule-Mandel procedure
was used to estimate the heterogeneity variance t"2 [8]. For each study,
the outcome data at the longest follow-up time were used in the pooled
analyses and the results were represented graphically as forest plots. The
Chi-square test and Higgins’ 12 statistic were calculated to assess sta-
tistical heterogeneity [9]. Subgroup analyses were performed based on
the study design (RCT vs. observational) and valve generation (early,
new, both early and new). The early-generation devices included the
SAPIEN XT, CoreValve, and Portico, while the newer-generation THVs
consisted of the SAPIEN 3, Evolut R/PRO/PRO--, and ACURATE valves
[10]. To assess the robustness of the primary analysis, a sensitivity
analysis was conducted using the leave-one-out study approach, where
each study was removed one at a time from the combined analysis to
determine if any individual study had a significant impact on the overall
results. A p-value of less than 0.05 indicated statistical significance in all
cases.

3. Results

We identified 1,063 potentially relevant studies, of which 642
studies were excluded after screening of titles and abstracts. Full texts of
34 articles were reviewed, and 24 studies did not meet the inclusion
criteria. The analysis is primarily based on the results of the shortlisted
10 studies out of which 2 were RCTs [11,12] and 8 were PSM studies
[5,13-19]. 1 study [11] reported data for an RCT [20] and an ongoing
observational study, however, we only included data for patients who
were randomized based on the CHOICE trial with SAA. The PRISMA
flow chart (Figure S1) summarizes the selection process.

3.1. Baseline characteristics and bias assessment

This study included a total of 2960 patients with SAA treated with
either SEVs (1481 patients) or BEVs (1479 patients). The mean age was
81.8 (+6.4) years for patients receiving BEV and 81.9 (& 6.4) years for
those receiving SEVs. The overall percentage of females was 80.7 % for
BEVs and 82.3 % for SEVs. Most of the studies included new-generation
valves [12-15,17-19], while 2 studies [5,16] used both, early and new-
generation devices, and the CHOICE [11] trial used early-generation
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devices. SAPIEN XT, SAPIEN XT/3, SAPIEN 3, and SAPIEN 3/3 Ultra
were among the BEVs while the SEVs included Symetis ACURATE,
CoreValve, Evolut R, Evolut PRO, Evolut PRO+, and Portico. The mean
follow-up duration was 2.17 years across 8 studies, excluding CHOICE
and Guimaraes et al which did not report the follow-up period. Detailed
baseline characteristics for analyzed studies and patients are provided in
Table 1 and Table S2.

The bias assessment of the included RCTs showed some concerns in
the CHOICE trial, primarily due to nonblinding (Figures S2 and S3).
Some concerns were observed in 3 PSM studies due to bias in outcomes
measurement (Figures S4 and S5).

3.2. Results of meta-analysis

3.2.1. Hemodynamic outcomes

iEOA: The pooled analysis demonstrated that the implantation of
BEVs was associated with a significantly smaller iEOA compared to SEVs
(MD: —0.18 cm?/m?, 95 % CI: —0.27 to —0.10, p < 0.01, Fig. 1A). The
analysis demonstrated significant heterogeneity among the included
studies (I* = 94 %).

Transvalvular mean pressure gradient: BEVs were associated with a
significantly higher transvalvular mean pressure gradient compared to
SEVs (MD: 5.07 mmHg, 95 % CI: 3.43 to 6.71, p < 0.01, Fig. 1B). Sig-
nificant heterogeneity was observed (1% = 94 %).

Transvalvular peak pressure gradient: Patients with BEVs experi-
enced a significantly greater peak pressure gradient compared to SEVs
(MD: 4.87 mmHg, 95 % CI: 1.23 to 8.51, p < 0.01, Fig. 1C),. Significant
heterogeneity was observed (I = 79 %).

3.2.2. Clinical outcomes

Paravalvular leak: The pooled analysis demonstrated a non-
significant difference in the risk of paravalvular leak between patients
undergoing procedures with BEV compared to SEV. (RR: 1.04, 95 % CI:
0.64 to 1.69, p = 0.87, Fig. 1D). The heterogeneity was low, I2 = 16 %.

PPM and severe PPM: The pooled analysis demonstrated a signifi-
cantly higher risk of PPM in patients undergoing TAVR with BEV
compared to SEV (RR: 1.89, 95 % CI: 1.42 to 2.51, p < 0.01, Fig. 2A),
with a heterogeneity of I2 = 72 %. Moreover, a significantly higher risk
of severe PPM was observed in patients undergoing procedures with BEV
compared to SEV (RR: 2.80, 95 % CI: 1.96 to 4.0, p < 0.01, Fig. 2B), with
no heterogeneity 1 = 0).

All-cause mortality: Based on the pooled analysis no statistically
significant differences were observed for 30-day all-cause (RR: 1.07, 95
% CI: 0.59 to 1.94, p = 0.82, Fig. 2C) and 1-year all-cause mortality (RR:
1.15, 95 % CI: 0.91 to 1.46, p = 0.25, Fig. 2D) between two groups with
no heterogeneity (1% = 0 %).

Cardiovascular mortality: No significant difference was observed in
30-day CV mortality (RR: 1.05, 95 % CI: 0.45 to 2.44, p = 0.90 Fig. 3A).
1-year cardiovascular mortality was significantly increased in patients
with BEVs compared to those with SEVs (RR: 1.61, 95 % CI: 1.05 to 2.47,
p = 0.03, Fig. 3B).

Any stroke — 30 days: The pooled analysis demonstrated a nonsig-
nificant difference in risk of the occurrence of stroke at 30 days (RR:
0.73, 95 % CI: 0.44 to 1.19, p = 0.21, Fig. 3C).

Pacemaker implantation: The requirement of pacemaker implanta-
tion between the two groups demonstrated a nonsignificant difference
between the two groups (RR: 0.69, 95 % CI: 0.44 to 1.09, p = 0.11,
Fig. 3D), with a heterogeneity of I = 61 %.

Major bleeding: A significantly decreased risk of major bleeding was
observed in BEV as compared to SEV (RR: 0.69, 95 % CI: 0.49 to 0.99, p
= 0.04, Fig. 4A), with no heterogeneity (1% = 0 %).

Vascular complications, AKI, MI, and worsening HHF: A non-
significant difference was observed in the risk of vascular complica-
tions (RR: 1.12,95 % CI: 0.72to 1.76, p = 0.61, 1?=33 %, Fig. 4B), AKI
(RR: 0.82, 95 % CI: 0.34 to 1.96, p = 0.66, 2=0 %, Fig. 4C), MI (RR:
2.62,95 % CI: 0.53t0 12.97, p = 0.24, ’=6 %, Fig. 4D), and worsening
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HHF (RR: 1.08, 95 % CI: 0.71 to 1.62, p = 0.73, =0 %, Fig. 4E),
between BEV and SEV.

3.3. Sub-group analysis based on study design

Based on the study design (RCTs vs. PSM studies), there were non-
significant subgroup differences for iEOA, transvalvular mean pressure
gradient, severe PPM, paravalvular leak, and transvalvular peak pres-
sure gradient (Figures S6-10). However, the analysis for PPM demon-
strated significant subgroup interactions based on the study design
(FigureS11).

The two study designs (RCTs and PSM studies) demonstrated non-
significant subgroup differences for all-cause and CV mortality, pace-
maker implantation, any major bleeding, AKI, worsening HHF, and the
occurrence of stroke within 30 days (Figures S12-20).

3.4. Sub-group analysis based on valve generation

Sub-group analysis was also performed based on valve generation,
dividing them into “new”, “early” and “new and early” generation de-
vices. Studies with “new and early” and “new” generation valves showed
comparable results in terms of iEOA, mean pressure gradient, PPM, se-
vere PPM, paravalvular leak, all-cause and CV mortality, stroke at 30
days, major bleeding, vascular complications, MI, and pacemaker im-
plantation (Figures $21-S34). However, a significant subgroup inter-
action was observed based on valve generation for transvalvular peak
pressure gradient (Figures S35).

3.5. Sensitivity analysis

Sensitivity analysis, using the leave-one-out method, was also per-
formed, whereby each study was sequentially removed to assess
whether it strongly influenced the overall pooled analysis. Heteroge-
neity did not reduce significantly in iEOA, transvalvular mean pressure
gradient, PPM, pacemaker implantation, and any vascular complication.
Upon omitting Swis TAVI and Baudo et al, heterogeneity in paravalvular
leak reduced to 0 %. In MI, removing OCEAN TAVI also decreased the
heterogeneity to 0 % (Figures $S36-39).

4. Discussion

This systematic review and meta-analysis incorporating 10 studies
evaluated the clinical outcomes and hemodynamic performance of SEVs
versus BEVs in 2,960 patients with SAA. We report that implanting a SEV
was linked to a larger iEOA and a lower transvalvular mean pressure
gradient, transvalvular peak pressure gradient, lower rates of moderate
and severe PPM, and lower one-year CV mortality rates.

Valve management in patients with SAA is a pressing concern and
has become an issue of primary clinical attention [21]. Previous studies
have revealed that TAVI may be a better approach than surgery in such
patients due to the higher iEOA, lower mean aortic gradient, and lower
rates of PPM [5,22]. Although the findings from previous clinical studies
advocate for TAVI in patients with SAA, it is not established which type
of valve system (SEV or BEV) is superior and also this strategy has not
been tested in younger populations with longer lifespans and at lower
surgical risk.

Our results were consistent with those of the previous meta-analysis
[10] regarding the risk of PPM, severe PPM, 1-year all-cause mortality,
iEOA, and transvalvular mean pressure gradient. However, in contrast to
our study, the previous analysis found a higher risk of PVL, permanent
pacemaker implantation, and 30-day stroke in patients with SEVs, with
no difference in cardiac-related mortality between the groups. This
difference could be possibly attributed to the non-inclusion of the most
recent PSM studies [15-17,19] and the SMART trial in the prior meta-
analysis. The meta-analysis by Di Pietro et al. [23] also reported a better
hemodynamic performance with SEVs when compared with BEVs.



Table 1

Baseline characteristics of the included studies.

Author/trial Year Study Sample size Follow- Valve SAA definition Device name Age-mean =+ SD Females-n (%) BSA, m2- mean +SD BMI Kg/m?- mean + SD
Name design up generations  used for inclusion
BEVs SEVs BEVs SEVs BEVs SEVs BEVs SEVs BEVs SEVs BEVs SEVs
Mauri et al. 2017 PSM 92 92 l-year new Annulus area < SAPIEN 3  Symetis 81.9+5.3 82.8 +£6.5 85 85 1.71 + 1.71 + 26.0 + 4.7 27.3+5.5
generation 400 mm2 ACURATE neo (92.4) (92.4) 0.2 0.2
Abdel-Wahab 2014 RCT 43 51 NR early Mean aortic SAPIEN CoreValve 82.0 £ 6.1 82.3+6.1 37 47 1.72 £ 1.73 £ 25.7 £ 4.8 26.3 £5.6
(CHOICE) generation diameter < 23 mm XT (86.0) (92.2) 0.15 0.19
Guimaraes 2020 PSM 52 52 NR early and new Annular diameter ~ SAPIEN CoreValve, 80+8 80 +8 80% 80% 1.7+02 1.7+02 27+7 27 +7
et al. devices < 21 mm XT/3 Evolut R
Hase et al. 2021 PSM 69 69 lyear new Mean aortic SAPIEN 3 Evolut R/Pro 86+ 5.3 86.3 +£ 3.8 57 58 1.3 1.4 21.4 21.4
(OCEAN- generation diameter < 23 mm (82.6) (84.1) (1.3-1.4) (1.3-1.5) (19.0-23.3)* (19.5-23.3)*
TAVI)
Kornyeva 2023 PSM 192 192 3years new Annular perimeter SAPIEN 3 Evolut R/PRO, 81 £ 6 81+7 153 141 1.8+£0.2 1.8+0.2 2596+ 8.33 27.03 + 8
et al. generation < 72 mm or aortic Acurate neo-2, (80) (73 %)
annulus area < and Portico THV
400m m2
Okuno et al. 2023 PSM 171 171 5years earlyandnew Annular area < SAPIEN CoreValve, 82.7 + 6.4 82.2 £6.2 85.40 84.20 NR NR 26.5 + 5.6 26.9 + 6.1
(Swiss devices 430 mm2 XT/3/ Evolut R/PRO/ % %
TAVI) 3Ultra PRO+
Herrmann 2024 RCT 361 355 1year new Annulus area of SAPIEN Evolut PRO/ 80.3 £ 6.1 80.1 £6.3 309 312 1.8+0.2 1.8+0.2 NR NR
et al. generation 430 mm2 or less 3/3 Ultra PRO+/FX (85.6) (87.9)
(SMART
Trial)
Baudo et al. 2024 PSM 109 109 2years new Annulus area < SAPIEN Evolut PRO/ 80.5+7.8 81.0 +7.7 83 91 1.82 + 1.80 + 28.2 + 6.5 28.1 + 6.9
generation 430 mm2 3/3 Ultra PRO+/FX (76.1) (83.5) 0.27 0.27
Scotti et al. 2024 PSM 251 251 1 year New aortic annular SAPIEN Evolut PRO/ 82.42 82.34 174 186 NR NR 25.78 26.17
(OPERA- generation area < 430 mm2  Ultra PRO-+ (77.97-86.66)  (78.06-86.00) (69.3) (74.1) (23.08-29.38)  (22.92-30.05)
TAVI) *
Kalogeras 2023 PSM 139 139 1 year New Patients treated SAPIEN Evolut PRO/ 83 (77-87)* 83 (78-88)* 110 114 NR NR 26.8 (24.4-32) 26.6 (23-30.2)
et al. generation with an Edwards S3/Ultra  PRO+ (79.1) (82) *

SAPIEN 3 or Ultra
valve < 23 mm or
an Evolut PRO/
PRO+ <26 mm
were

included in the
“small THV”
cohort

BEV: Balloon Expandable Valve; SEV: Self-Expanding Valve; PSM: propensity score matching; RCT: randomized controlled trial; SAA: Small aortic annulus; BSA: body surface area; BMI: body mass index; n: number; NR:

not reported.

" Data are given as median and interquartile range.
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A)iEOA B) Transvalvular mean pressure gradient
BEV SEV Mean Difference Mean Difference BEV SEV Mean Difference Mean Difference
Study Mean  SD Total Mean  SD Total Weight IV,Random,95% CI IV, Random, 95% CI Study Mean  SD Total Mean  SD Total Weight IV, Random,95%Cl IV, Random, 95% CI
Mauri etal. 07402000 92 10103000 92 127% -0.27[0.34;-0.20 E 3 Mauri etal 1750 65000 92 660 27000 92 11.0% 10.90[9.46;12.34 : 3
CHOICE 106 02600 43 116 03200 51 11.0% -0.10[-0.22; 0.02] i CHOICE 1020 42000 43 670 32000 51 109% 350[1.97, 503 ‘I~
Guimardesetal. 09602800 52 09502400 52 117% 0.01[-009; 0.11] i Guimardesetal. 11.00 50000 52 1000 70000 52 97% 1.00[1.34; 3.34] -+
OCEAN-TAVI. 10902900 69 12203400 69 115% -0.13[-0.24;-0.02) - OCEAN-TAVI 1227 36300 69 900 45400 69 11.1% 327[1.90; 464] E 3
SwissTAVI 08602400 171 1.05 02700 171 133% -0.19[-0.24;-0.14] #* Komyevaetal 130030000 192 7.00 50000 192 117% 6.00[5.18; 682) =
Baudo etal. 14503000 109 121 03400 109 123% -0.06[-0.15; 0.03] e Swiss TAVI 1250 45000 171 800 48000 171 115% 450[351; 549 B
SMARTTrial 15003500 365 198 04700 350 131% -048[054-042 # SMARTTrial 1280 54000 109 880 49000 109 11.1% 4.00[263; 537] 3
Scotti etal. 08500300 251 104 00600 251 14.1% -0.19[-0.20;-0.18) 3l Baudoetal 1570 67000 365 770 40000 350 117% 8.00[7.19; 881]
i Kalogerasetal. 13.50 53000 139 970 46000 139 113% 380[263; 497] :
Total (95% Cl) 1152 1145 100.0% -0.18[0.27; -0.10] > :
Heterogenety: Tau” = 0.0128; Chi*= 11883, df =7 (P <0.01); = 94% Total (95% C) 1232 1225 1000%  507[343; 671) &
Testfor overaleffect. 22428 (P < 0.01) 0402 0 02 04\ ey Tai= 57948 Ch= 13938, 61 =8 (P <0.01) = 94%
Favous SEV FavousBEV o for overal effect 2= 6.07 (P < 0.01) 0 5 0 5 10
Favours BEV  Favours SEV
C) Transvalvular peak pressure gradient D) Paravalvular leak
BEV SEV Risk Ratio Risk Ratio
BEV SEV Mean Difference Mean Difference Study Events Total Events Total Weight IV, Random, 35% CI IV, Random, 95% CI
Study Mean  SD Total Mean 8D Total Weight IV, Random, 95% CI IV, Random, 95% CI
T Mauri etal. 3 @ 4 92 98% 075017, 3.26)
CHOICE 1880 80000 43 1260 57000 51 341% 6.20(3.34;9.06) CHOICE 2 4 0 51 25% 592(0.29;120.02
Guimardesetal 20.00 80000 52 20.00 130000 52 27.7% 000[4.15;4.15] Guimares et al. 1 8 2 52 40% 050[0.05 5.35)
Kalogerasetal. 2520 88000 139 1800 83000 139 382% 7.20(5.19,921] Swiss TAVI 2111 7 171 88% 029(0.06; 136]
Komyeva et al. 2 192 2 192 58% 1.00(0.14; 7.03]
Total (95% C1) 234 22 1000%  487[1.23;851] SMART Tril 1109 3 109 44% 033(0.04; 315
Heterogeneity. Tau” = 7.9759; Chi” = 9.41, df = 2 (P < 0.01); = 79% Baudoetal 5 206 42 207 645% 1.39(0.96; 199)
Test for overall effect Z=262 (P < 0.01) 5 0 5
FavoursBEV Favours SEV Total (95% Cl) 955 964 100.0% 1.04[0.64; 1.69]
Heterogeneity: Tau’ = 0.0605; Chi” = 7.15, df = 6 (P = 0.31); F = 16%
Test for overall effect: 2= 0.16 (P = 0.87) 001 01 1 10 100

Increased riskin SEV  Increased risk in BEV

Fig. 1. Forest plots for (A) iEOA, (B) transvalvular mean pressure gradient, (C) transvalvular peak pressure gradient, and (D) paravalvular leak iEOA; indexed

effective orifice area.

A) PPM

BEV SEV Risk Ratio Risk Ratio
Study Events Total Events Total Weight IV,Random,95% CI IV, Random, 95% CI
Mauri etal. 44 92 38 92 157% 1.16[0.84;160] —h—
CHOICE 743 4 51 46% 208[0.656.62]
Guimaraes et al. 18 852 12 52 101% 150(0.81;279] -
OCEAN-TAVI 12 69 5 69 58% 240(0.89;6.45] -
Swiss TAVI 73 171 29 171 147% 252[1.73,366) -
Komyeva et al. 31192 20 192 118% 155(0.92;262) ——
SMART Trial 105 266 30 267 148% 351[243,508] .
Baudo etal. 27 109 24 109 126% 1.12[0.70;1.82] ——
Scotti et al. 33 251 12 251 99% 275[1.45,5.20] —a—
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C) 30-day all-cause mortality
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D) 1-year all-cause mortality
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Fig. 2. Forest plots for (A) PPM, (B) Severe PPM, (C) 30-day all-cause mortality, and (D) 1-year all-cause mortality PPM; patient prosthesis mismatch.

Moreover, the meta-analyses comparing TAVI with surgical aortic valve
replacement have reported comparable long-term clinical outcomes in
low-risk patients [24,25]. SEV implantation was associated with a
significantly larger post-operative iEOA, and significantly reduced risk
of PPM and severe PPM in our study. The recognition of BEV implan-
tation as an independent predictor for PPM (3 % with SEV versus 22 %
with BEV) in a prior study further corroborates our finding [13].

The transvalvular mean pressure gradient is an important hemody-
namic parameter to assess aortic stenosis severity (AS). A high gradient
is correlated with severe symptoms and is linked to a worse prognosis.
The lower transvalvular mean pressure gradient in SEVs compared to
BEVs demonstrated by our analysis reinforces the evidence for improved
hemodynamic performance and better clinical outcomes for patients
with SEV implantation. It is well-accepted that iEOA is a significant
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A) 30-day CV mortality
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B) 1-year CV mortality
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D) Pacemaker implantation
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Fig. 3. Forest plots for (A) 30-day CV mortality, (B) 1-year CV mortality, (C) 30-day stroke, and (D) pacemaker implantation CV; cardiovascular.

A) Major Bleeding
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Fig. 4. Forest plots for (A) major bleeding, (B) vascular complications, (C) AKI, (D) MI, and (E) Worsening HHF AKI; acute kidney injury, HHF; heart failure-related

hospitalizations.

predictor of cardiac mortality rates in patients with PPM following TAVI
[26]. The lower risk of 1-year cardiovascular mortality observed in pa-
tients with SEVs in our analysis could plausibly be linked to a larger
post-operative iEOA and a lower risk of PPM compared to patients with
BEVs noted in our study.

Although we identified a lower transvalvular mean pressure
gradient, rate of PPM, severe PPM, and risk of 1-year cardiovascular
mortality in SEVs, there was a higher risk of major bleeding events in
patients with SEVs. The presence of major bleeding events could be
negatively associated with survival and poorer clinical outcomes [27].

Moreover, we observed a nonsignificant difference in all-cause mortality
between BEVs and SEVs in our analysis, which could be explained by the
relatively low sample size and short follow-up periods in most of the
included studies to identify a difference in mortality. Head et al. [4]
demonstrated that PPM was associated with an increased risk of all-
cause and CV mortality over long-term follow-up. Our analysis also re-
ported decreased one-year all-cause mortality and 30-day all-cause
mortality with SEV compared to BEV, though these findings did not
reach statistical significance. It can be postulated that in studies with
long-term follow-ups, this benefit may be more pronounced. The only
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study included in our analysis having a follow-up duration of 5 years
documented no significant difference in all-cause and CV mortality [16].
This emphasizes the need for future studies with longer follow-up pe-
riods to help us better comprehend the long-term outcomes of SEVs and
BEVs in patients with SAA. The LANDMARK RCT compared Myval
prosthesis with contemporary THVs (SAPIEN or EVOLUT) in patients
with severe AS and demonstrated the non-inferiority of Myval to the
contemporary prosthesis [28].

A EuroHeart Survey reported that AS was the most common left-
sided valve disease among patients in the Mediterranean and Europe
with an incidence of 43.1 % [29]. While in the United States around 0.5
million people are reported to have severe AS [1]. However, the
epidemiological data for Asia, Africa and South America is not available
[30].

4.1. Clinical Implications and future Directions

In light of evidence from our meta-analysis, we can suggest that SEVs,
with their improved hemodynamic performance, reduced risk of PPM
and cardiac-related mortality, can lead to enhanced cardiac function and
improved survival in patients with smaller annuli. However, the higher
risk of major bleeding events necessitates cautious patient selection and
management, especially for those with elevated bleeding risk. This
emphasizes the significance of individualized treatment plans and close
monitoring post-implantation. The limited number of RCTs comparing
SEVs and BEVs highlight the need for future high-powered RCTs with
long-term follow-ups to support the results of this meta-analysis and to
assess if the superior hemodynamic performance of SEVs translates into
improved long-term survival benefits. Additionally, further research is
needed to develop strategies to mitigate the bleeding risks associated
with SEVs.

4.2. Limitations

When interpreting the findings of this meta-analysis, it is important
to recognize its limitations. The outcome data were not adjusted based
on individual risk profiles, as our analysis did not utilize patient-level
data. Though PSM provides balanced groups, there is still a possibility
of bias due to unrecognized or unmeasured confounding, an inherent
challenge in all observational studies. The definitions used for SAA were
not uniform across the studies and the criteria for PPM/severe PPM was
inconsistently reported. Significant heterogeneity was observed in some
of the outcomes, which is expected in nonrandomized studies and may
have reduced the reliability of the results. This stems from the inclusion
of observational studies as well as differences in follow-up durations.
The included studies had relatively short follow-ups to identify subtle
differences between SEVs and BEVs, and potential survival and hemo-
dynamic differences between the two THVs may become more evident
over time with the availability of studies with longer follow-ups. Due to
the limited availability of data, we were unable to conduct a subgroup
analysis based on the annular design of valves (intra-annular vs supra-
annular). RCTs with longer follow-ups are required to assess whether
the better hemodynamic performance of SEVs leads to improved hard
clinical outcomes like all-cause death. Although our meta-analysis rep-
resents current TAVI practice, the mean age was over 80 years. There-
fore, the results may not be generalizable to younger patients.

5. Conclusion

This meta-analysis of 2960 patients with SAA undergoing TAVI
demonstrated that BEVs had a worse hemodynamic performance as
determined by the higher risk of moderate and severe PPM compared to
SEVs. Moreover, the use of BEVs was associated with a higher risk of 1-
year cardiovascular mortality. Further large-scale RCTs are required to
confirm the generalizability of our findings.
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