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A metanalysis of available randomized controlled trials and observational studies compar-
ing self-expanding (SE) and balloon-expandable (BE) bioprostheses in patients with small
aortic annulus and aortic stenosis for short- and midterm hemodynamic and clinical out-
comes was performed. A total of 21 studies with a total 8,647 patients (SE: n = 4,336
patients vs BE: n = 4,311 patients) were included. SE bioprostheses had a lower postopera-
tive mean gradient at 30 days (Mean Difference [MD] �5.16, 95% confidence interval [CI]
4.7 to 5.5, p <0.001) and at 1 year (MD �6.6, 95%CI 6.1 to 7.03, p <0.001), with a larger
indexed effective orifice area (0.17, 95% CI 0.13 to 0.22, p <0.001 and 0.17, 95% CI 0.08
to 0.27, p <0.001) at both time intervals. BE bioprostheses had a higher risk of 30-day and
1-year severe prosthesis-patient mismatch (risk ratio [RR] 1.07, 95% CI 1.04 to 1.09, p
<0.001; RR 1.07, 95% CI 1.04 to 1.11, p <0.001). The 30-day and 1 year paravalvular
leaks (RR 0.99, 95% CI 0.98 to 0.99, p <0.001; RR 0.89, 95% CI 0.82 to 0.95, p <0.001)
and permanent pacemaker implantation (RR 0.97, 95% CI 0.94 to 0.99, p 0.01, I2 = 40%,)
were lower in the BE group. BE bioprostheses were associated with a lower risk of in-hos-
pital stroke (RR 0.99, 95% CI 0.98 to 1, p = 0.01). In conclusion, in patients with small aor-
tic annulus and aortic stenosis, SE bioprostheses have superior hemodynamic
performance but higher rates of paravalvular leak, permanent pacemaker implantation,
and in-hospital stroke. BE bioprostheses were associated with a higher risk of severe pros-
thesis-patient mismatch. © 2024 Elsevier Inc. All rights are reserved, including those for
text and data mining, AI training, and similar technologies. (Am J Cardiol 2024;229:1−12)
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Introduction

Small aortic annulus (SAA) poses significant manage-
ment concerns in the setting of severe aortic valve stenosis
because it strongly predicts a challenging aortic valve
replacement (AVR).1 Patients with SAA eligible for AVR
are at a higher risk of prosthesis-patient mismatch (PPM)
because they often receive smaller prostheses, resulting in a
smaller effective orifice area (EOA) for cardiac output
requirements.2 However, a clear consensus about the cut-
off value for defining SAA is missing with heterogeneous
definitions.3 From the surgical experience, an aortic annulus
should be defined as small when it could not accommodate
a prosthesis size >21 mm or when aortic annulus diameter
is <23 mm, measured by echocardiography or by direct
sizing.4

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2024.07.026&domain=pdf
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The prevalence of SAA ranges from 22% to 44% in the
United States and Northern Europe.4 Female and Asian
populations are more likely to present with SAA because of
lower body mass index at clinical evaluation.5

Despite controversy around its performance, European
guidelines recommend the surgical approach as first-line
therapy for severe aortic valve stenosis in patients with
SAA.6 Additional techniques, such as aortic root enlarge-
ment, have been proposed; however, they are associated
with increased procedure complexity and perioperative
morbidity and mortality.7 Conversely, growing evidence
supports the comparable and even superior hemodynamic
results associated with transcatheter AVR (TAVR), which
may represent an alternative for these patients.8 However,
evidence is not conclusive and there is still a gap regarding
the comparison between self-expanding (SE) versus bal-
loon-expandable (BE) bioprostheses in these patients.9 To
clarify this issue, this review and meta-analysis aimed to
investigate the impact of a SAA on the performance of dif-
ferent prostheses systems.
Methods

The present analysis adheres strictly to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines.10 Moreover, it was prospectively
registered in the International Prospective Register of Sys-
tematic Reviews (PROSPERO CRD42023463689). Ethical
approval was not required for this study-level metanalysis.
In addition, patient written informed consent for the study’s
publication was not received because individual patient
information is missing. The data that support the findings of
this study are available from the corresponding author upon
reasonable request.

Search strategy

We performed comprehensive searches to identify all
randomized controlled trials (RCTs) and observational
studies that compared short- and midterm clinical and echo-
cardiographic outcomes of patients with severe aortic valve
stenosis and SAA who underwent TAVR. Searches were
run until April 2024 in the following databases: Ovid MED-
LINE, Ovid EMBASE, and The Cochrane Library (Wiley).
The search strategy included a combination of the following
keywords and Medical Subject Headings: “TAVI,”
“Transcatheter Aortic Valve Intervention,” “TAVR,”
“Transcatheter aortic valve implantation,” “small annulus,”
“small annuli” and “small aortic annuli,” “balloon-
expandable,” “self-expandable,” “BEV,” “SEV” (detailed
search keywords are listed in Supplementary Table 1).

Study selection and data extraction
Database searches were deduplicated. A total of 3 inves-

tigators (G.D.P, R.I., and F.G.) screened the searched data-
base for inclusion and performed data extraction
independently. Disagreements were resolved by a fourth
author who also checked the extracted data for accuracy (F.
D.A.). The selection inclusion criteria were represented as
follows: (1) patients aged >18 years with severe aortic
valve stenosis and SAA revealed by computed tomography
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
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angiography or by echocardiography, (2) patients who
underwent TAVR using BE or SE bioprostheses, and (3)
short- (30-day) and midterm (1-year) echocardiographic
and clinical follow-up. Studies focusing on bicuspid aortic
stenosis and SAA or extra-small annulus were excluded
(Supplementary List 1).

The publication with the largest cohort was selected for
studies with overlapping samples. Animal or in vitro stud-
ies, case reports, conference presentations, editorials,
reviews and expert opinions were excluded. Full text for
the selected studies was pulled for a second round of eligi-
bility screening. Reference lists of articles were also
searched to identify other relevant trials.

Data on investigators, year, journal, design, study period,
follow-up duration, procedural approach, sample size,
patient characteristics, and outcomes were independently
extracted by 3 authors (G.D.P, R.I., and F.G.) and verified
by a fourth author (F.D.A).

The Cochrane Risk of Bias 2.0 tool assessed the quality
of the RCTs,11 whereas the Risk Of Bias In Non-rando-
mised Studies - of Interventions tool was used for observa-
tional studies.12 Publication bias was assessed using means
of funnel plots and the Egger test.

Study definitions

There is no clear agreement on the definition of SAA in
previous studies. Therefore, the included studies have used
varying definitions, relying on different imaging techniques.
Aortic valve annular diameter or perimeter-/area-derived
measurements are commonly obtained by echocardiography
or by computed tomography angiography. Table 1 lists the
summary of the SAA definitions in each study.

Outcomes

In-hospital, 30-day, and 1-year all-cause mortality were
the primary end points. The secondary outcomes were car-
diovascular death, any stroke, permanent pacemaker
implantation (PPI), acute kidney injury (AKI), hemorrhagic
events, vascular complications, and in-hospital readmis-
sion. Additional echocardiographic outcomes were mean
transvalvular gradient (MTG), indexed EOA (iEOA),
severe PPM, and at least moderate paravalvular leaks
(PVLs). PPM is caused by an imbalance between the EOA
of a bioprosthesis and the patient’s body surface area. For
patients with a body mass index (BMI) <30 kg/m2, severe
PPM is defined as iEOA <0.65 cm2/m2, whereas for
patients with a BMI >30 kg/m2, the cutoff for severe PPM
is 0.55 cm2/m2. In addition, PVL occurs when blood flows
around the bioprosthesis because of an incomplete seal.

Statistical analysis

Continuous variables are presented as means (SD) or
medians (first and third quartile), whereas categorical varia-
bles are expressed as n (%). Statistical pooling for incidence
estimates was performed using a restricted maximum likeli-
hood random-effects or Mantel-Haenszel fixed-effects
model. Risk ratios (RRs) were chosen as effect sizes, and
risk estimates with 95% confidence intervals (CIs) were
computed using SPSS v.29 (The Cochrane Collaboration,
Health and Social Security de ClinicalKey.es por Elsevier en octubre 15, 
ación. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.

www.ajconline.org


Table 1

Characteristics of included studies

First Author Year Study Design Sample size (n) SE (n) BE (n) SAA definition Devices

Abdelghani et al. 2018

CHOICE Trial Randomized 94 51 43 Mean aortic diameter <
23 mm

CoreValve/ SAPIEN XT

CHOICE-Extend Non randomized,

Prospective

122 44 78 Evolut R/SAPIEN 3

Mosleh et al. 2023 Retrospective 573 236 337 Aortic Valve annuus area

< 430 mmq by CTA or

3D TOE

BE: 23 mm SAPIEN 3

SE: 26 mm Evolute R/Evo-

lut PRO

Ferrara et al. 2022 Prospective 131 55 76 Aortic annulus area

between 330 and 440

mmq by CTA

BE: 23 mm SAPIEN 3TM

SE: ACURATE NeoTM S

or M and 26 mm or 29 mm

Evolut ProTM

Okuyama et al. 2020 Retrospective 46 13 33 Aortic annulus area < 330

mmq

BE: SAPIEN 3

SE: Evolut R/ Evolute Pro

Jin et al. 2022 Retrospective 1162 233 929 Not Available BE:23 mm SAPIEN 3

SE: 26 mm − Evolut valve

Okuno et al. 2023 Retrospective, Pro-

pensity match

342 171 171 Aortic annulus area < 430

mmq

BE: SAPIEN

SE: CoreValve/ Evolut

Leone et al. 2023 Retrospective 1378 1092 286 Annular Perimeter <
72 mm or area < 400

mmq

BE: SAPIEN 3

SE: Evolut R/Pro/ ACU-

RATE Neo/ Portico

Hase et al. (OCEAN-

TAVI Registry)

2020 Retrospective, Pro-

pensity match

138 69 69 Mean aortic diameter <
23 mm

BE: SAPIEN 3 or SAPIEN

XT

SE: CoreValve/ Evolut R

Del Trigo et al. 2016 Prospective 62 22 40 Aortic area within 50

mmq by CCTA

BE: SAPIEN XT

SE: Portico

Costa et al. OPERA

Registry

2022 Propensity match 1174 587 587 Aortic Area/Perimeter <
23 mm

BE: SAPIEN 3

SE: EVOLUT PRO +

Koh et al. 2022 Prospective 123 90 33 Mean aortic diameter <
23 mm

BE: SAPIEN 3/XT

SE: CoreValve/Evolut R/

Pro/Portico/Engager

Herrman et al.

SMART Trial

2024 Randomized 716 355 361 Annulus Area < 430 mmq SE: Evolut R/Evolut PRO/

Evolut PRO/Evolut Fx

BE: SAPIEN 3/SAPIEN

Ultra

Lee et al. 2021 Retrospective 70 45 25 Mean diameter < 23 mm

e mean minimal diame-

ter < 21 mm

BE: SAPIEN 3

SE: Evolut R/Pro

Guimaraes et al. 2020 Retrospective, Pro-

pensity match

104 52 52 Aortic annulus diameter

< 21 mm

BE: SAPIEN XT/3

SE: CoreValve/ Evolut R

Medranda et al. 2022 Retrospective 262 118 144 Aortic annulus area < 430

mmq by CTA

BE: SAPIEN 3

SE: CoreValve/ Evolut Pro/

Pro+

Voigtlaender et al. 2021 Retrospective 1005 717 288 Aortic annulus area < 400

mmq by CTA

BE: SAPIEN 3

SE: Portico /Evolut/ ACU-

RATE Neo

Rogers et al. 2017 Retrospective 62 30 32 Aortic annulus perimeter

< 73 mm by CTA

BE: SAPIEN XT/3

SE: CoreValve/Evolut R

Kornyeva et al. 2023 Retrospective, Pro-

pensity match

384 192 192 Aortic perimeter <
72 mm or Aortic annu-

lus area < 400 mmq

BE: Not available

SE: Evolut R/Pro/ Portico/

ACURATE Neo

Moon et al. (Korean

Registry)

2023 Retrospective 68 41 27 Mean diameter < 20 mm

by CTA

BE: SAPIEN XT/3

SE: Evolut R/CoreValve

Meguro et al. (Japa-

nese Registry)

2021 Retrospective 193 103 90 Aortic annulus area < 314

mmq

BE: SAPIEN 3 20 mm

SE: Evolut R 23 mm

BE = balloon-expandable; CTA = computed tomography angiography; SAA = small aortic annuli; SE = self-expanding; TOE = transesophageal echocardi-

ography.

Valvular Heart Disease/BEV Versus SEV in Patients With Severe Aortic Stenosis and Small Aortic Annulus 3
The Nordic Cochrane Centre, Copenhagen, Denmark).
Hypothesis testing for superiority was conducted at the 2-
tailed 0.05 level. The I2 statistic was used to assess hetero-
geneity, with low heterogeneity defined as 0% to 25%,
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
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moderate heterogeneity defined as 25% to 50%, and sub-
stantial heterogeneity defined as >50%. When significant
heterogeneity was present, a random-effects analysis model
was used; otherwise, a fixed-effects analysis model was
Health and Social Security de ClinicalKey.es por Elsevier en octubre 15, 
ación. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



Table 2

Overall baseline characteristics of patients

BE (N=4311) SE (N=4336)

Baseline characteristics

Age, y (IQR) 82 (80-83) 82 (81-83)

Female sex,% (IQR) 86 (84-96) 89 (74-94)

BSA, m2 (IQR) 1.71 (1,5-1,77) 1.7 (1,5-1,7)

Diabetes Mellitus, % (IQR) 28 (22-33) 29 (23-34)

4 The American Journal of Cardiology (www.ajconline.org)
used. A sensitivity analysis was performed when significant
heterogeneity resulted from the primary analysis. Publica-
tion bias was investigated by visual inspection of the funnel
plot asymmetry and the Eggers Test. The trim and fill
method was performed to identify and correct for funnel
plot asymmetry and to adjust the overall effect estimate in
the presence of potentially missing studies because of publi-
cation bias.
Hypertension, % (IQR) 88 (78-89) 85 (74-89)

Hyperlipidemia, % (IQR) 52 (45-66) 59 (51-68)

Coronary Artery Disease, % (IQR) 46 (38-55) 37 (30-53)

Previous PCI, % (IQR) 23 (21-27) 21 (18-25)

Previous MI, % (IQR) 10 (8-14) 10 (9-13)

Peripheral Artery Disease, % (IQR) 14 (9-19) 14 (11-23)

Chronic Obstructive Pulmonary

Disease, % (IQR)

12 (7-18) 13 (9-18)

Atrial Fibrillation, % (IQR) 22 (12-26) 22 (18-28)

STS PROM, % (IQR) 5.5 (4.4-6.2) 5.6 (5-6.7)

PRE-PROCEDURAL CHARACTERISTICS

LVEF % (IQR) 61 (58-63) 60 (58-62)

Pre-operative Mean Gradient, mmHg

(IQR)

44 (43-49) 44 (41-49)

Annular Perimeter By CTA, mm

(IQR)

70 (65-72) 69 (64-71)

Annular Area By CTA, mm2 (IQR) 373 (349-383) 364 (342-380)

Post-PROCEDURAL CHARACTERISTICS

Post-operative Mean Gradient,

mmHg (IQR)

12,2 (11,5-13,7) 8 (7.1-9.2)

Post-operative iEOA, cm2/m2

(IQR)

0,94 (0,86-1,01) 1,07 (0,9-1,2)

BE = balloon-expandable; BMI = body mass index; BSA = body surface

area; CABG = coronary artery bypass graft; CTA = computed tomography

angiography; IQR = interquartile range; LVEF = left ventricular ejection

fraction; MI = myocardial infarction; PCI = percutaneous coronary inter-

vention; STS = Society of Thoracic Surgeons.

Table 3

Summary of the binary outcomes of the meta-analysis

SEV vs BEV in SAA patients

RR [95%CI] Egger’s Test

In-hospital All cause of mortality 1 [0.99-1.01] 0.34

30 days All cause of mortality 1 [0.99-1.02] 0.78

1 year All cause of mortality 1.02 [1.00-1.03] 0.33

30 days Cardiac Death 1 [0.98-1.01] 0.88

1 year Cardiac Death 1 [0-98-1.01] 0.33

Periprocedural stroke 0.99 [0.99-1.00] 0.53

In-hospital stroke 0.99[0.98-1.01] 0.31

1 year stroke 0.99[0.97-1.01] 0.58

New Permanent Pacemaker

Implantation

0.97[0.94-0.99] 0.24

30 days-PVLs 0.99[0.98-0.99] 0.08

1 year PVLs 0.89[0.82-0.95] 0.24

Severe PPM at 30 days 1.07[1.04-1.09] 0.09

Severe PPM at 1 year 1.07 [1.04-1.11] 0.75

Vascular complications 0.99[0.98-1] 0.5

Major Bleedings 0.99[0.98-1] 0.42

1 year Rehospitalization 1[0.98-1.01] 0.94

BEV = balloon-expanding valves; PPM = prosthesis-patient mismatch;

PVL = paravalvular leak; SAA = small aortic annulus; SEV = self-expand-

ing valves.
Results

After searching for studies reporting outcomes stratified
by valve system, 2 RCTs and 19 observational studies (Sup-
plemental List 1) were included for the quantitative analy-
sis, globally encompassing 8,647 patients with severe aortic
stenosis and small annulus who underwent TAVR
(PRISMA flow chart in Supplementary Figure 1). Overall,
4,311 patients received BE valves and 4,336 patients
received SE valves. The characteristics of the included
studies are listed in Table 1, whereas the baseline features
of included patients are listed in Table 2. The BE and SE
cohorts had comparable preoperative surgical risk as
assessed by Society of Thoracic Surgeons predicted risk of
mortality score (5.5, interquartile range [IQR] 4.4% to
6.2% vs 5.6, IQR 5% to 6.7%), left ventricular ejection
fraction (61, IQR 58% to 63% vs 60, IQR 58% to 62%),
and baseline MTG (44, IQR 43 to 49 vs 44, IQR 41 to 49
mm Hg). Similarly, patients with SE vs patients with BE
did not differ with respect to aortic annular perimeter (70,
IQR 65 to 72 vs 69, IQR 64 to 71 mm) or aortic annular
area (373, IQR 349 to 383 vs 364, IQR 342 to 380 mm2).
Additional baseline features are listed in Supplementary
Table 3.

The risk of bias assessment for observational studies and
RCTs is listed in Supplementary Table 2. The primary end
point funnel plot for publication bias evaluation is displayed
in Supplementary Figure 2, whereas the results of the main
analysis with the Egger’s Test are listed in Tables 3 and 4.

All-cause mortality

Pooled results from 5 studies encompassing 3,171
patients (1,215 receiving SE and 1,956 receiving BE)
showed no significant difference in terms of in-hospital all-
cause death (RR 1, 95% CI 0.99 to 1.01, p = 0.70, I2 = 0%)
(Figure 1). Similarly, the 30-day and 1-year all-cause mor-
tality rates did not differ between the 2 cohorts of patients
(2,475 patients: 1,452 receiving SE and 1,023 receiving
BE) (RR 1, 95% CI 0.99 to 1.02, p = 0.61, I2 = 0%)
(Figure 1). The pooled results from 13 studies including
6,978 patients (SE: 3,727 patients; BE: 3,251 patients)
showed no significant difference in terms of 1-year all-
cause mortality between BE and SE bioprostheses (RR
1.02, 95% CI 1 to 1.03, p = 0.07, I2 = 0%) (Figure 1).

Cardiac death

Pooled results from 4 studies encompassing 1,319
patients (685 receiving SE and 634 receiving BE) showed
no significant difference in terms of 30 days cardiac death
(RR 1, 95%CI 0.98 to 1.01, p = 0.96, I2 = 0%) (Figure 2).
Similarly, the 1-year cardiac death rates did not differ
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en octubre 15, 
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Table 4

Summary of the continuous outcomes of the meta-analysis with adjustment using the trim and fill method

SEV vs BEV in SAA patients

MD[95%CI] Egger’s Test MD [95%CI] adjusted using

Trim and Fill Method

MTG at 30 days, mmHg -4.33[3.67-4.99] <0.05 -5.16[4.7-5.6]

MTG at 1 year, mmHg -6.18[5.06-7.13] <0.05 - 6.6 [6-7.3]

iEOA at 30 days, mmHg 0.17[0.13-0.22] 0.2 -

iEOA at 1 year, mmHg 0.17[0.08-0.27] 0.3 -

BEV = balloon-expanding valves; iEOA = indexed effective orifice area; MTG = mean transvalvular gradient; SAA = small aortic annulus; SEV = self-

expanding valves.

Figure 1. In-hospital (A), 30-day (B), and 1-year (C) all-cause death.

Valvular Heart Disease/BEV Versus SEV in Patients With Severe Aortic Stenosis and Small Aortic Annulus 5
between the 2 cohorts of patients (2,559 patients: 1,708
receiving SE and 851 receiving BE) (RR 1.00, 95% CI 0.98
to 1.01, p = 0.78, I2 = 6%) (Figure 2).

Any stroke

The analysis showed no significant differences between
SE and BE in terms of periprocedural strokes (RR 0.99,
Figure 2. The 30-day (A) and 1

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
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95% CI 0.99 to 1, p = 0.14, I2 = 0%) (Figure 3). However,
the risk of in-hospital stroke was higher in patients with
SEV than those with BEV (RR 0.99, 95% CI 0.98 to 1,
p = 0.01) (Figure 3). Conversely, after 1 year, the risk of
any stroke was comparable between the 2 groups of treat-
ment (RR 0.99, 95% CI 0.97 to 1.01, p = 0.38, I2 = 18%)
(Figure 3).
-year (B) cardiac death.

Health and Social Security de ClinicalKey.es por Elsevier en octubre 15, 
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Figure 3. Periprocedural (A), in-hospital (B), and 1-year (C) any stroke.

6 The American Journal of Cardiology (www.ajconline.org)
Major bleedings

The pooled results from 14 studies encompassing 6,890
patients (SE: 3,714 patients; BE: 3,266 patients) showed no
significant risk difference in terms of major bleedings
between patients receiving SE or BE valves (RR 0.99, 95%
CI 0.98 to 1, p = 0.06, I2 = 0%) (Supplementary Figure 3).
Vascular complications

There was no significant difference in terms of postpro-
cedural vascular complications between the SE and the BE
arms (RR 0.99, 95% CI 0.98 to 1, p = 0.08, I2 16%) (Sup-
plementary Figure 4).
AKI

The analysis showed no significant differences between
the SE and BE groups in terms of AKI for patients with
SAA (RR 1, 95% CI 1 to 1.01, p = 0.87, I2 = 0%) (Supple-
mentary Figure 5).
Figure 4. Permanent pacemaker implantation: prim

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
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PPI

The pooled results from 18 studies encompassing 7,889
patients (SE: 4,169 patients; BE: 3,720 patients) showed
that PPI were more frequently required in patients with SE
than those who with BE (RR 0.95, 95% CI 0.93 to 0.98,
p = 0.001, I2 = 53%) (Figure 4). Significant heterogeneity
was observed. The results were not affected after the
removal of 3 outliers (RR 0.97, 95% CI 0.94 to 0.99,
p = 0.01, I2 = 40%) (Figure 4).
PVLs

PVLs occurred more frequently in patients received SE
bioprostheses than those who received BE bioprostheses at
30 days (RR 0.99, 95% CI 0.98 to 1, p = 0.04, I2 = 33%)
(Figure 5). The results were not affected after the removal
of 2 studies, which introduced moderate heterogeneity (RR
0.99, 95% CI 0.98 to 0.99, p <0.001, I2 = 0%) (Figure 5).
Similarly, after 1 year, the analysis showed no significant
difference between the SE and BE groups in terms of all
PVLs (RR 0.93, 95% CI 0.83 to 1.06, p =0.28) (Figure 5).
ary analysis (A) and sensitivity analyses (B).
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Figure 5. Paravalvular leaks at 30 days: primary analysis (A) and sensitivity analyses (B) and paravalvular leaks at 1 year: primary analysis (C) and sensitiv-

ity analyses (D).
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Significant heterogeneity was reported (I2 = 68%). After
observing the funnel plot and removing the outlier study,
the level of heterogeneity decreased (I2 = 0) and SE bio-
prostheses were associated with more frequent PVLs than
BE bioprostheses (RR 0.89, 95% CI 0.82 to 0.95, p <0.001)
(Figure 5).
Severe PPM

The pooled results from 17 studies with a total of 7,085
patients (SE: 4,221 patients, BE: 2,864) showed that SE
valves were associated with a lower risk of 30-day severe
Figure 6. Severe PPM at 30 days: primary (A) and sens
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PPM than BE valves (RR 1.06, 95% CI 1.03 to 1.08,
p = 0.001) (Figure 6). Significant heterogeneity was docu-
mented (I2 = 57%). After removing the outlier studies, the
level of heterogeneity decreased (RR 1.07, 95% CI 1.04 to
1.09, p <0.001, I2 = 22%) (Figure 6); however, the result
was preserved. Supplementary Figure 6 shows the signifi-
cant clinical impact of BMI on the occurrence of severe
PPM (b coefficient = 0.7, p = 0.007)

Similarly, after 1 year, severe PPM occurred less fre-
quently in patients received SE than those who received BE
bioprostheses (RR 1.07, 95% CI 1.04 to 1.11, p <0.001,
I2 = 54%) (Figure 6).
itivity analyses (B) and severe PPM at 1 year (C).

Health and Social Security de ClinicalKey.es por Elsevier en octubre 15, 
ación. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



8 The American Journal of Cardiology (www.ajconline.org)
One-year hospital readmission

There was no significant differences between SE and BE
valve systems in terms of 1 year hospital readmission (RR
1, 95% CI 0.98 TO 1.01, p = 0.51, I2 = 0%) (Supplementary
Figure 7).

MTG

The pooled results from 20 studies, globally encompass-
ing 7,491 patients (SE 3,994 patients; BE: 3,497 patients)
showed that SE bioprostheses had lower 30-day mean trans-
valvular gradient than BE ones (MD 4.33, 95% CI 3.67 to
4.99, p <0.001) (Figure 7). A significant heterogeneity was
registered (I2 = 86%). A sensitivity analysis was performed,
removing the outliers studies. The level of the heterogeneity
progressively decreased and, after inspecting the asymme-
try of the funnel plot, we adjusted the level of association
using the trim and fill method (MD 5.16, 95% CI 4.7 to 5.5,
p <0.001, I2 = 32%) (Figure 7). The funnel plot adjusted
using the trim and fill method is reported in Supplementary
Figure 8.

Similarly, after 1 year, SE bioprostheses had lower a
MTG than BE ones (MD 6.18, 95% CI 5.06 to 7.30, p
<0.001, I2 83%) (Figure 7). A sensitivity analysis was per-
formed removing the outliers studies. The level of the het-
erogeneity progressively decreased and, after inspecting the
asymmetry of the funnel plot, we adjusted the level of asso-
ciation using the trim and fill method (MD 6.6, 95%CI 6.1
to 7.03, p <0.001, I2 = 0%) (Figure 7). The funnel plot
adjusted using the trim and fill method is reported in
Supplementary Figure 9.

iEOA

The pooled results from 12 studies encompassing 5,044
patients (SE: 3,264 patients; BE: 1,780) showed that SE
bioprostheses had 30-day larger iEOA than BE ones (MD
0.15, 95% CI 0.11 to 0.20, p <0.00, I283%) (Figure 8).
Figure 7. Mean transvalvular gradient at 30 days: primary (A) and sensitivity ana

(D) analyses. The CI was adjusted using the trim and fill method.
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After the removal of outliers studies, the results were not
affected (MD 0.17, 95% CI 0.13 to 0.22, p <0.001,
I2 = 18%) (Figure 8).

After 1 year, SE bioprostheses were confirmed to have
larger iEOA than BE ones (MD 0.24, 95% CI 0.10 to 0.37,
p <0.001) (Figure 8). The results were not affected after
removing the outlier study (MD 0.17, 95% CI 0.08 to 0.27,
p <0.001, I2 = 41%) (Figure 8).
Discussion

Our meta-analysis aimed to assess the clinical impact of
transcatheter heart valve choice on patients with SAA who
underwent TAVR. Including 21 studies with 8,647patients,
our study, to date and to the best of our knowledge, repre-
sents the largest meta-analysis on this topic. The main
results could be summarized as follows: (1) SE bioprosthe-
ses resulted in improved short and midterm hemodynamic
parameters compared with BE ones. Specifically, SE were
associated with a larger postoperative iEOA, a smaller
MTG and a lower risk of severe PPM. (2) BE valves were
associated lower in-hospital stroke rates than SE valves. (3)
SE bioprostheses were associated with increased risks of
PVLs and PPI. (4) Finally, the midterm major cardiovascu-
lar events did not differ significantly between patients with
SE or BE bioprostheses.

In patients with SAA, often women,5 annular sizing is
crucial during preoperative planning to avoid complications
because it significantly impacts short-term hemodynamic
and midterm clinical outcomes.13 Emerging data from larger
clinical trials found that TAVR may have better hemody-
namic results than the surgical approach.3 A thinner stent
frame, the supra-annular design, and the systematic oversiz-
ing of the transcatheter bioprostheses could be the possible
reasons.14 Although TAVR appears more suitable in patients
with SAA, the current studies on the outcomes for specific
TAVR valve systems remains unclear, and results from
lyses (B); mean transvalvular gradient at 1 year: primary (C) and sensitivity
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Figure 8. Indexed effective orifice area at 30 days: primary (A) and sensitivity (B) analyses; indexed effective orifice area at 1 year: primary (C) and sensitiv-

ity analyses (D).
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prospective randomized trials are eagerly awaited. In the
most recent VIVA trial, TAVR was demonstrated to be not
inferior to the surgical approach; however, a clear benefit of
SE over BE bioprostheses did not emerge. The low number
of patients enrolled did not allow us to draw definite conclu-
sions on the best type of valve systems.14

Our analysis showed that SE bioprostheses had better
hemodynamic performance, resulting in larger postopera-
tive iEOA and lower MTG. These findings are consistent
with previous studies in patients with and without small
aortic annuli, including the CHOICE15 and SOLVE-
TAVI16 trials and the TAVI-SMALL17 and FRANCE-
TAVI18 registries. In addition, a recent study by Tirado-
Conte et al19 comparing SE and BE bioprostheses in
patients with extra SAA confirmed our results. The intra-
annular position of BE may increase the turbulence and the
blood flow stress. On the contrary, the supra-annular leaflet
position of some SE (EVOLUT or ACURATE Neo in par-
ticular) may limit the additional constraints because of
native annulus combined with leaflets and stent, resulting in
larger EOA than intra-annular transcatheter bioprostheses.
In addition, oversizing can often be achieved to a higher
degree with SE and has been shown to be protective toward
development of PPM in SE but not BE.20 The latter factors
might, at least, in part, explain the difference in hemody-
namic parameters between the 2 valve systems.13 Similarly,
our study confirmed that patients who received BE are at
higher risk of developing severe PPM. Although clinical
significance of PPM, particularly, when severe, has been
suggested by recent studies; the limitations in the definition
of PPM and echocardiographic measurement of EOA need
to be recognized.21

Indeed, the clinical impact of PPM seems more signifi-
cant after surgical AVR than TAVR.22 Nevertheless, it is
worth noting that, among other factors, the impact of PPM
in TAVR patients was studied in the short to medium term
only,23 whereas long-term data for patients who underwent
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
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surgical AVR are available. In addition, differences in the
methods used to define PPM (predicted or measured) may
explain the variation in clinical outcomes observed in stud-
ies comparing surgical AVR and TAVR.24

In the early phase after TAVR, the frequent occurrence
of PVL has been a concern because it is an independent pre-
dictor of mortality.25 In our analysis, SE resulted in higher
risk of postoperative PVLs than those with BE. This is
likely because of the less represented outer skirts in SE, the
weaker radial strength of the nitinol frame, the angle
between the left ventricular outflow tract and ascending
aorta, and deep implantation, making it difficult to form a
tight seal.26 Our findings contrast with the CoreValve Pivot
trial27 and other observational studies, showing that moder-
ate/severe PVLs frequency was lower at 1 year than at dis-
charge.28 The nitinol framework might continue to expand
after deployment, allowing it to conform better to surround-
ing structures.28 Moreover, PVLs clinically impact mortal-
ity in the long term.29 Indeed, according to the FRANCE-
TAVI Registry, the impact of PVLs on mortality becomes
evident beyond 1 year.30 Postoperative conduction abnor-
malities leading to PPI are a concerning complication, espe-
cially considering the expanded use of TAVR in younger or
low-risk surgical patients.31 Our study confirmed the
increased risk of who underwent PPI after SE bioprostheses
implantation also in patients with SAA, as found in previ-
ous studies.9 The stent design, ideal implantation depth,
and radial force exerted on the left ventricular outflow tract
are potential causes of injury to the conduction system.13

The higher in-hospital stroke incidence results were in
line with the OPERA-REGISTRY substudy32 and with pre-
vious studies.16,33 Predilation and postdilation procedures
are frequently performed in SE bioprosthesis implantation
and, together with recapturing maneuvers, could explain
this finding.

Our metanalysis has several important limitations. First,
only 2 RCTs were included, whereas others were
Health and Social Security de ClinicalKey.es por Elsevier en octubre 15, 
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observational studies. Second, there was heterogeneity in
the studies because of varying SAA definitions, differences
in the patients’ risk profiles, and different observation peri-
ods, which influences the reliability of the results. Third,
most studies did not provide data regarding each specific
valve implanted, making it impossible to compare differ-
ent-sized bioprostheses. Fourth, confounding factors such
as concomitant PVLs may influence results on PPM. In con-
clusion, the longest follow-up to date is only 1 year, requir-
ing the need for additional studies to show the potential
impact of PPM on late adverse events.

Conclusion

In patients with a SAA treated with TAVR, SE bio-
prostheses have a better hemodynamic performance than
BE bioprostheses. Patients with SE bioprostheses have a
larger iEOA, lower MTG, and less severe PPM but a
higher risk of PVL and PPI. BE bioprostheses were
associated with a lower risk of in-hospital stroke. Fur-
ther RCTs with longer-term follow-up are required to
investigate whether specific valve properties will yield
survival benefits in this context.
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