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Abstract

Background/Objectives: Nowadays, transcatheter aortic valve implantation (TAVI) is
widespread in patients with severe aortic valve stenosis. New prosthesis designs are
becoming available to address the shortcomings of their predecessors and improve clinical
outcomes. Methods: Electronic databases were screened for studies comparing outcomes
of TAVI with Portico and SAPIEN 3. In a random-effects meta-analysis the pooled incidence
rates of procedural, clinical and functional outcomes, according to VARC-2 definitions,
were assessed. Results: Thirteen observational studies and one multi-center randomized
clinical trial enrolling 20,522 patients (Portico N = 3001 and SAPIEN 3 N = 17,521) were
included in the analysis. The need for more than one prosthesis during initial implantation
was significantly higher among Portico recipients compared to SAPIEN 3 recipients: (RR
2.72 [1.36, 5.45] p = 0.005). Pre- and post-dilatation were performed more frequently in
the Portico group (RR 1.53 [1.12, 2.09], p = 0.008 and RR 4.21 [2.83, 6.26], p < 0.00001,
respectively). Moderate-to-severe paravalvular leak (PVL) was significantly more common
in the Portico arm (RR 3.27 [1.80, 5.91] p < 0.0001). In contrast, the mean gradient and
rate of prosthesis—patient mismatch (PPM) was significantly lower in the Portico group
(MD —31.58 [-37.02; —26.14] mmHg and RR 0.42 [0.32, 0.55], p < 0.00001). Recipients of
Portico demonstrated over 60% higher risk of permanent pacemaker implantation (PPI)
compared to SAPIEN 3 (RR 1.62 [1.25, 2.10], p = 0.0002). Other procedural and short-
term clinical outcomes, including neurologic events, major vascular complications, life
threatening or major bleeding, acute kidney injury, myocardial infarction and mortality
did not differ between the devices. A difference in mortality was observed at the 1-year
follow-up (RR 1.26 [1.06, 1.51], p = 0.01; I> = 5%). Conclusions: The evidence shows good
short-term outcomes for both valves. Compared to SAPIEN 3, Portico was associated
with a significantly higher rate of moderate-to-severe PVL and PPI, but a lower mean
gradient and incidence of PPM. A significantly higher 1-year mortality was observed in the
Portico group.
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1. Introduction

We are witnessing a constant increase in the number of patients with aortic valve
stenosis treated with transcatheter aortic valve implantation (TAVI). The technique is now
considered an alternative to surgical treatment and is recommended not only for inoperable
high-risk patients but also for those at intermediate and even low risk [1,2]. Furthermore,
there is a consistently growing number of TAVI-treated patients with other aortic valve
defects leading to chronic and acute heart failure, including severe non-tricuspid valve
stenosis and isolated severe regurgitation, conditions that were previously reserved for
surgery. We have also observed increasing patient awareness regarding the availability of
less invasive treatments for aortic valve disease, which has contributed to a rise in TAVI
requests. Over the past two decades, the primary question has been “when TAVI?” Today,
the question appears to be “how TAVI?”.

In the early years after the introduction of TAVI in 2002, two types of transcatheter
devices were available to physicians: the balloon-expandable SAPIEN (Edwards Life-
sciences, Irvine, CA, USA) and the self-expanding CoreValve (Medtronic, Minneapolis,
MN, USA). Although these early-generation valves provided good clinical outcomes, they
were not without disadvantages. These included vascular complications, bleeding, stroke,
conduction disturbances requiring permanent pacemaker implantation (PPI), prosthesis—
patient mismatch (PPM), and paravalvular leak (PVL). The latter is a major concern, as
it is associated with adverse clinical events and increased late mortality compared to
surgery [3,4]. Technological advancements have led to improvements in existing devices
and to the development of new ones, aiming to minimize the drawbacks of first-generation
transcatheter valves.

Currently, in the emerging era of personalized and precision medicine for patients
with advanced chronic heart valve disease, studies comparing different TAVI prostheses
across various patient populations and anatomical settings are needed to ensure maximum
procedural safety, achieve optimal clinical and functional outcomes, and provide guidance
for the development of new devices.

The aim of this investigation was to evaluate and compare the outcomes of TAVI
using the self-expanding, intra-annular Portico (Abbott, Santa Clara, CA, USA) and the
balloon-expandable, intra-annular SAPIEN 3, both next-generation devices, in patients
with symptomatic severe aortic stenosis. A summary of the valve characteristics is available
in Table 1.

Table 1. Summary of the valve characteristics.

Portico SAPIEN 3
Valve features
Intra-annular three leaflet position Intra-annular three leaflet position
Bovine pericardial leaflet tissue Bovine pericardial leaflet tissue
Self-expanding nitinol frame Balloon-expandable cobalt-chromium frame
Ability to recapture, resheath and reposition -
Nitinol frame, large and open cell geometry Low cobalt—chromium frame, open cell geometry
Porcine pericardial tissue inner skirt at the inflow Polyethylene terephthalate (PET) inner skirt at the inflow

- Textured PET external seal
Transfemoral sheath size (valve size)

18-French (23 mm and 25 mm) 14-French (20 mm, 23 mm and 26 mm)
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Table 1. Cont.

Portico SAPIEN 3
19-French (27 mm and 29 mm) 16-French (29 mm)
Annulus size treated: 19 mm-27 mm Annulus size treated: 16 mm-28 mm

Portico and SAPIEN 3 devices.

2. Materials and Methods
2.1. Data Sources and Search Strategy

This study was performed in accordance with the MOOSE statement and PRISMA
guidelines [5,6]. The MOOSE/PRISMA checklist is available in Supplementary
Tables S1 and S2. We searched PubMed, Google Scholar, Web of Science and Scopus
until October 2025. The search terms were: Portico and/or SAPIEN 3 and transcatheter
valve or transcatheter aortic valve. Only peer-reviewed articles published in English
were considered. The reference lists of included original studies were manually reviewed
and cross-verified.

2.2. Selection Criteria and Quality Assessment
Studies were included if they met all of the following criteria:

e Human study
e  Study or study arms comparing the strategy of transcatheter aortic valve implantation
with Portico and SAPIEN 3 directly or indirectly

Studies were excluded if they were:

e Anin-vitro study
e Asingle arm study
e  Outcomes of interest were not reported

No restrictions regarding the number of patients included or characteristics of the
population were imposed.

Two reviewers (M.G. and M.K.) carried out the study selection process, extracting
relevant patient and study characteristics, as well as outcomes of interest. The same two
authors independently evaluated trial eligibility and risk of bias. Disagreements were
settled through consensus. The methodological quality of randomized controlled trials
(RCTs) was evaluated using the RoB 2 tool (Cochrane risk of bias tool version 2) [7], whereas
non-randomized studies were appraised using ROBINS-I (Risk of Bias in Non-Randomized
Studies of Interventions), which is designed to assess bias in cohort studies included in
systematic reviews and meta-analyses [8].

2.3. Endpoint Selection

Outcome measures were defined according to the Valve Academic Research Consortium-
2 (VARC-2) criteria [9]. Procedural endpoints of interest included: a requirement for
more than one prosthesis and a composite of other TAVI-related complications (such as
conversion to open surgery, coronary obstruction, ventricular septal perforation, damage
or dysfunction of the mitral valve apparatus, endocarditis, cardiac tamponade, prosthetic
valve thrombosis or malpositioning, migration, embolization, or ectopic deployment).
Pre- and post-dilation—non-VARC endpoints—were also examined as factors that could
influence clinical outcomes such as stroke and pacemaker implantation.

Early (up to 30 days) clinical endpoints comprised: life-threatening and major bleed-
ing, major vascular complications (MVCs), neurological events (stroke and/or transient
ischemic attack), myocardial infarction (MI), permanent pacemaker implantation (PPI),
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acute kidney injury (AKI), and mortality. The functional outcomes assessed included:
moderate-to-severe paravalvular leak (PVL), mild PVL, mean trans-prosthetic gradient,
prosthetic effective orifice area (EOA), and prosthesis—patient mismatch (PPM). Outcomes
recorded during the one-year follow-up period were: rehospitalization due to heart failure,
neurological events, MI, and death.

2.4. Statistical Analysis

For dichotomous outcomes, risk ratios (RRs) with corresponding 95% confidence
intervals (95% CI) served as the main summary statistics. For continuous outcomes, mean
differences (MDs) and 95% Cls were calculated using a random-effects model. To address
the limited power of the Cochran Q test, heterogeneity was quantified using the I statistic,
defined as I? = [(Q — df)/Q] x 100%, where Q is the chi-squared value and df it the
degrees of freedom [10]. This metric indicates the percentage of variation across studies
not attributable to chance. I values below 40% suggest no substantial heterogeneity;
values between 40% and 70% point to moderate heterogeneity; and values exceeding 70%
reflect high heterogeneity. Given the anticipated high degree of heterogeneity among
mostly non-randomized trials, an inverse-variance random-effects model (DerSimonian-
Laird) was applied as a more conservative approach that accounts for both within-study
and between-study variability. Baseline characteristics were compared using weighted
means for continuous variables and pooled proportions for categorical variables, with
between-group differences assessed using Student’s ¢-test and chi-square test, respectively.

When a study reported median values with interquartile ranges rather than means and
standard deviations (SDs), the latter were estimated using the method described by Wan
and colleagues [11]. In cases where both arms reported zero events, a sensitivity analysis
was conducted using risk difference (RD) with a corresponding 95% CI. All statistical
computations were performed using Review Manager 5.4.1 (The Cochrane Collaboration,
2020, London, UK). A two-sided p-value < 0.05 was considered statistically significant,
with no adjustment made for multiple comparisons.

3. Results
3.1. Study Selection and Bias

The study selection process and reasons for the exclusion of some studies are de-
scribed in Figure 1. A systematic search of the online databases allowed the collection of
30,401 potentially eligible records that were retrieved for scrutiny. Of those, 30,385 were
further excluded because they were not pertinent to the design of the meta-analysis or did
not meet the explicit inclusion criteria. Thirteen observational studies (among them eight
multicenter registries, two propensity score-matched and two propensity score-weighted)
along with one multi-center randomized clinical trial [12-26] enrolling N = 20,522 patients
were eventually included in the analysis. Potential sources of the studies’ bias were ana-
lyzed with the use of components recommended by the ROBINS-I, as well as RoB2 tools,
and the results are shown in Supplementary Table S3. Overall, the retrospective studies
reported moderate risk of bias. Most commonly biases arose from participant selection for
the study by designated heart teams and subjective distribution of the participants within
the study arms by designated operators. The RCT registered a low risk of bias. The study
characteristics, as well as baseline patient and procedural characteristics, are reported in
Tables 2 and 3.

Supplementary Table 54 lists the selection criteria for the procedure and valve, as well
as inclusion and exclusion criteria within particular studies. Details on the baseline charac-
teristics of the patients and the procedure are available in Supplementary Tables S5 and Sé6.
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[ Identification of studies via databases and registers
5 Records identified from:
E=] PubMed (n = 4300), Records removed before screening:
E Google Scholar (n = 20,820), duplicate records removed:
b= Web of Science (n = 468), n=15724
5 Scopus (n = 4813)
2 n = 30,401
() Records excluded:
n = 9952
Records screened: irrelevant to the topic (n = 9080)
n=14,677 reviews, conferences, letters, case reports (n = 548)
non-English language (n = 17)
transcatheter mitral valve replacement (n = 75)
valve in valve and bicuspid valve (n = 232)
i
8
g Records assessed for eligibility Records excluded based on title or abstract content:
n against tittle and abstract: n =4708
n=4725
Y
Record included for full text Full text articles excluded: (n = 2)
review: - ) .
=17 -sub-studies or overlapping populations:
A n=2)
3
g Studies included:
‘_,':’ n = 14 (15 records)
Figure 1. PRIMSA flowchart of the study selection process for the meta-analysis.
Table 2. Baseline characteristics of included studies.
. . . Follow-Up VARC-2/3 . .
Study Design Study Period Intervention Cohort (Months) Definitions Risk of Bias
Abdelshafy M. could not be Portico 187
MC, RCS . no **
etal. 2022 [12] defined * SAPIEN 3 397 NR moderate
Brown J.A. Portico 106 -
etal. 2023 [13] SC, PCS 2021-2022 SAPIEN 3 76 1 no moderate
Corcione N. .
Port 347
etal. 2021 [14]/ oree ,
. MC, PCS 2012-2018 1,12 yes moderate
Giordano A. SAPIEN 3 541
et al. 2019 [16]
Costa G. Portico 208 .
etal. 2022115] ~ MGRCS - 2016-2018 SAPIEN 3 - 12 no moderate *
Kim W-K. Portico 127
- es *%
etal. 2017 [17] SC, RCS 2011-2017 SAPIEN 3 381 1 y moderate
Leone PP. Portico 172
_ es *%
etal. 2023 [18] MC, RCS 2011-2020 SAPIEN 3 256 12 y! moderate
Makkar R.R. 2014 Portico 381
MC, RCT ’ es i
et al. 2020 [19] 2015-2017 SAPIEN 3 206 24 Y low
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Table 2. Cont.

Follow-Up VARC-2/3

Study Design Study Period Intervention Cohort (Months) Definitions Risk of Bias
B o e
- Ea T
e
B e mome W e e

SC, single center; MC, multicenter; RCS, retrospective cases series; PCS, prospective cohort study; RCT, ran-
domized clinical trial; PSM, propensity score matched; PSW, propensity score weighted; VARC-2/3, Valve
Academic Research Consortium-2/3; RoB2, risk-of-bias tool 2; ROBINS-I, risk of bias in non-randomized studies
of intervention; NR, not reported; * study period is reported by center and not by valve; **, ROBINS-L ***, RoB2.

Table 3. Baseline patient and procedural characteristics.

Cy e
s = S E < £ g
—_ ~ < x ~ £ g ) «
32 ~ = = o 5 @
> < E = = i = o g g
S o @ eh = ~ 5 g E S
5 e 2 & = Q 2 = < <
2 < ] < - & o Bl < PS
n g = < [ Q & (=) =
2 ; wn L] v o
b5 an » n 3 > 3 1=}
~ & z 7 5 g S i g
V4 a g > & 0
= <
Abdelshafy M. P
etal. 2022 [12] ? NR NR NR NR NR NR NR NR NR NR
P 810+£75 538 292+64 423483 242424 887
Brown J.A. NR NR NR _ RO EOS NR | LEeE LR 904
etal. 2023 [13] S3 790+75 364 284458 437 +15.7 256+25 977
Corgz)‘;f;e[ﬁ-] ?t al p 5465 643 268+46 743 63442 42439  480+168  0.69 +0.24 87.3
. NR
G‘“S&’;"[ﬁft Al g3 g31465 532 261446 63 54+42 55+48 482+138 063 +0.18 94.3
P 831+58 591 256+42 750 53434 4434112 067 +£022 87.2
Costa G. NR NR
etal. 2022 [15] S3  827+52 520 260+40 695 52+35 467+104  0.73+0.07 93.6
Kim W-K. P
etal 2017[17] 53 NR NR NR NR NR NR NR NR NR NR
Leone PP. P 87+59 913 267+52 709 51427 R 468+158 065+£022 212413 100
etal. 2023 [18] S3 825+65 888 265+55 710 57436 443+153 067+027 214410 100
Makkar R.R. P 830£76 515 R 712 63+34 6.6+72  462+113  0.68+0.17 R R
et al. 2020 [19] S3  835+74 519 73.3 62434 6.8+59 467 +£11.7  0.68 £0.16
Mas-Peiro S. P 818+49 413 2894165 914 39422 47 +39 R R R 100
etal. 2019[20] g3 815473 342 3144244 918 39+29 52445 100
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Table 3. Cont.
c 7

2 = < e - E g

= a > 5 = g E g 2

> < 3 2 s = o < © g

< % g 2 = S o § g £ g

3 < s = = & O 5 & = <

73} —_ A -

= < A Y] & o =

g 2 = % 2 3 5 2 g

= 8 z 7 g = I “; £

“ & g - g &

p <
Okuno T. P
etal 2020 21] g3 NR NR NR NR NR NR NR NR NR NR
Primessnig U. P 811452 461 27.7+54 793 81+139 164+£329 41.1+144 077 +0.16 R 100
etal. 2024[22] 53 800465 403 275+55 715 101+188 160+314 399+145 078 +0.20 100
Rudolph TK. P 809459 369 279453 R 53+ 4.4 R 4354169 R 238+30 100
etal. 2024[23] g3 §05+58 372 27.5+58 5.6+ 44 426 +17.3 247435 100
Santos-MartinezS. P 826+57 632 273+45 431 R 62+61 448+140 068+018 231422 984
etal. 2022 [24] S3 804+64 414 274+48 469 44443  453+147 070+£017 248+£28 910
Tichelbicker T. P

etal. 2018[25] &3 NR NR NR NR NR NR NR NR NR  NR
Voigtlinder L. P 831442 9.4 R . 49426 R 4404180 037 +0.08* 100
etal. 2021[26] g3 825+53 917 48425 4234158 040 +0.15% 100

P, Portico; S3, SAPIEN 3; NYHA, New York Heart Association; STS-PROM, Society of Thoracic Surgeons Predicted
Risk of Mortality; EuroSCORE, European System for Cardiac Operative Risk Evaluation; NR, not reported;
* indexed.

In the study conducted by Abdelshafy et al. [12], data on PVL comes from the analysis
of aortograms. The study by Brown et al. [13] compared Portico to SAPIEN 3 Ultra
prosthesis built on the SAPIEN 3 platform, and the only difference was a 40% taller external
seal of Ultra. Giordano et al. [16] and Corcione et al. [14] reported data from the RISPEVA
study at 30-day and 1-year follow-up, respectively. In the RISPEVA study TAVI was
also performed for degenerated surgical bioprostheses (11.5% Portico, 2.6% SAPIEN 3),
mixed valvular disease (4.3% Portico, 9.8% SAPIEN 3), and isolated aortic regurgitation
(0.3% Portico, 0.4% SAPIEN 3). The study by Kim et al. [17], as well as Okuno et al. [21],
focused on comparing prostheses according to the extent of native valve calcification. The
studies by Leone et al. [18] and Voigtldnder et al. [26] compared different prosthetic valves
implanted in patients with a small aortic annulus. Slight overlap is possible between the
studies conducted by Costa [15] and Leone [18], Giordano [15] and Leone [18], as well as
between Rudolph [23] and other studies conducted in Germany (Supplementary Table S7).

3.2. Patient Characteristics

Groups treated with Portico (N = 3001) and SAPIEN 3 (N =17,521) differed significantly
in terms of patients” age (p < 0.0001), heart failure status: NYHA class III/IV (p = 0.0002),
EuroSCORE risk profile (p = 0.010) and STS-PROM risk profile (p = 0.0001). Patients in
the Portico group were older (81.8 & 4.8 vs. 80.7 & 7.8), more frequently presented with
NYHA class III/IV symptoms (72.3% vs. 66.7%) and had a higher risk profile (7.2 £ 9.5
vs. 6.4+ 7.1 and 5.8 & 3.6 vs. 5.3 £ 5.5 for EuroSCORE and STS PROM, respectively).
There were no significant differences between the groups in terms of sex (p = 0.965) or BMI
(p=0.241).

Baseline aortic valve parameters, such as native annulus diameter and mean transaor-
tic gradient were also significantly different. The aortic valve annulus diameter of the
Portico recipients was smaller (23.4 & 2.6 mm vs. 24.6 £+ 3.4 mm, p < 0.0001). The ini-
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tial mean transaortic gradient was lower in the Portico compared to SAPIEN 3 group
(43.1 £ 16.6 mmHg vs. 44.6 + 14.8 mmHg, p < 0.0001), although the effective orifice area
was comparable (0.69 + 0.19 cm? vs. 0.66 & 0.15 cm?, p = 0.352).

Patients treated with Portico received larger prostheses. The mean size of the im-
planted valve was 26.55 &= 1.92 mm vs. 25.10 & 1.80 mm (p < 0.0001).

Transfemoral TAVI was performed in 94.9% of Portico and 94.0% of SAPIEN 3 cases.

3.3. Outcomes
3.3.1. Procedural Outcomes and Complications

Pre-dilatation (RR 1.53 [1.12, 2.09] p = 0.008; I? = 98%) and post-dilatation (RR 4.21
[2.83, 6.26] p < 0.00001; I?> = 93%) were performed more frequently in the Portico group
(74.7% vs. 65.9% and 42.0% vs. 13.1% for pre-dilatation and post-dilatation, respectively)
(Figure 2A,B). Data were obtained from six and eight studies comprising 17,309 and
17,920 patients, respectively.

(A)

Portico SAPIEN 3 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Costa et al. 2022 103 208 349 768  16.6% 1.09 [0.93, 1.28] o
Giordano et al. 2019 230 347 449 541  17.1% 0.80 [0.73, 0.87] "
Leone et al. 2023 120 172 92 286 16.2% 2.17[1.78, 2.64] -
Rudolph et al. 2024 717 878 9097 13,296 17.3% 1.19[1.15, 1.23) L
Santas-Martinez et al. 2022 119 125 93 290  16.4% 2.97 [2.50, 3.53] -
Voigtlander et al. 2021 86 110 113 288  16.4% 1.99 [1.67, 2.37] -
Total (95% CI) 1840 15,469 100.0% 1.53 [1.12, 2.09] &>
Total events 1375 10,193
Heterogeneity: Tau® = 0.15; Chi® = 265.72, df = 5 (P < 0.00001); I* = 98% :{] o1 0:1 1:0 100:
Test for overall effect: Z = 2.66 (P = 0.008) . Favours Portico Favours SAPIEN 3

(B)

Portico SAPIEN 3 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Costa et al. 2022 89 208 51 768 13.6% 6.44 [4.73, B.77] -
Giordane et al. 2019 165 347 27 541 13.0% 9.53 [6.49, 13.99] ——
Leone et al, 2023 65 172 23 286  12.6% 4.70 [3.04, 7.27] —
Mas-Peiro et al. 2019 32 104 3 73 B.6% 7.49 [2.38, 23.53] I —
Primessnig et al. 2024 134 217 B2 217 14.3% 1.63 [1.34, 2.00] -
Rudolph et al. 2024 334 878 1822 13,296 14.7% 2.78[2.53, 3.05] =
Santos-Martinez et al, 2022 43 125 21 290  12.2% 4.75 [2.95, 7.66] —
Volgtlander et al. 2021 46 110 37 288 13.1% 3.26[2.24,4.73] —
Total (95% CI) 2161 15,759 100.0% 4,21 [2.83, 6.26] ’-
Total events 908 2066
Heterogeneity: Tau® = 0.28; Chi* = 106.50, df = 7 (P < 0.00001); I = 93% o1 01 10 100

Test for averall effect: Z = 7.11 (P < 0.00001)

Favours Portico Favours SAPIEN 3

©
Portico SAPIEN 2 Risk Ratio Risk Ratio
Study or Subgroup Events Total Ewents Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Costa et al. 2022 7 208 1 768 9.1% 25,85 [3.20, 208.90] -_—
Ciordano et al. 2019 7 347 4 541 20.0% 2.73 [0.80, 9.25] T
Leone et al, 2023 & 172 1 286 9.0% 9.98 [1.21, 82.17]
Mas-Peiro et al. 2019 1 104 0 73 4.3% 2.11 [0.09, 51.19]
Okuno et al. 2020 1 23 5 468 9.0% 4.07 [0.50, 33.43]
Primessnig et al. 2024 o 217 1 217 4.3% 0.33 [0.01, 8.14]
Rudolph et al. 2024 (5] 878 63 13,296 29 8% 1.44 [0.63, 3.32] — -
Santos-Martinez et al. 2022 2 125 2 290 10.2% 2.32 [0.33, 16.29) S
Voigtlander et al, 2021 0 110 1 2E8 4.3% 0.87 [0.04, 21.14]
Total (95% CI) 2184 16,227 100.0% 2.72 [1.36, 5.45] -
Total events 30 78
Heterogeneity: Tau® = 0.24; Chi® = 10.30, df = B (P = 0.24); I = 22% 50 o1 051 150 100’

Test for overall effect: £ = 2,83 (P = 0.005)

Fawvours Portico_ Favours SAPIEM 3

Figure 2. Cont.
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(D)
Portico SAPIEN 3 Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Costa et al. 2022 10 208 21 768 25.2% 1.76 [D.84, 3.68] T
Giordano et al. 2019 7 347 18 541 18.6% 0.61 [0.26, 1.44) —
Leone et al. 2023 1 172 1 286 1.9% 1.66 [0.10, 26.41)
Okuno et al. 2020 0 23 4 468 1.7%  2.17[0.12, 39.18]
Primessnig ev al. 2024 1 217 2 217 2.5% 0.50 [0.05, 5.47]
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Figure 2. Risk ratio (RR) with corresponding 95% Confidence Intervals (CIs) for the comparison
of Portico vs. SAPIEN 3 devices in the analysis of procedural outcomes: pre-dilatation (A), post-
dilatation (B), need for more than one prosthesis (C), and other TAVI-related complications (D). Blue
squares are point estimates for single studies; black diamond is an overall estimate.

The need for more than one prosthesis during initial implantation was significantly
higher among Portico recipients: 1.4% (30 of 2184) vs. 0.5% (78 of 16,277) of cases (RR 2.72
[1.36, 5.45], p = 0.005; I? = 22%). Nine studies comprising 18,411 participants provided data
for analysis (Figure 2C).

Seven studies comprising 17,836 patients contributed to the analysis of pooled other
TAVI-related complications. There was no significant difference between the groups
(RR 1.30 [0.89, 1.91], p = 0.17; I = 3%), although the event rate in the Portico group was
twofold higher than in the SAPIEN 3 cohort (1.8% [36 of 1970] and 0.9% [140 of 15,866],
respectively) (Figure 2D).

3.3.2. Functional Outcomes

Twelve (N = 19,957) and five (N = 17,056) studies were included in the analysis
of moderate-to-severe and mild paravalvular leak (PVL). The incidence of moderate-to-
severe PVL was significantly higher in the Portico compared to SAPIEN 3 group, with
corresponding rates of 4.9% (141 of 2860) and 0.6% (103 of 17,097) (RR 3.27 [1.80, 5.91],
p < 0.0001; I? = 69%) (Figure 3).

Portico SAPIEN 3 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Abdelshafy et al. 2022 11 187 33 397  12.5% 0.711[0.37, 1.37] —
Brown et al. 2023 0 106 0 176 Not estimable
Costa et al. 2022 22 208 16 768 12.7% 5.08 [2.72, 9.49] —_—
Giordano et al. 2019 1 347 0 541 2.8% 4.67[0.19, 114.37] >
Kim et al. 2017 9 127 3 381 8.7%  9.00[2.47,32.73] L —
Leone et al. 2023 27 172 7 286 11.6% 6.41 [2.85, 14.41] —_—
Makkar et al. 2020 21 381 3 206 9.2% 3.78 [1.14, 12.54] I —
Mas-Peiro et al. 2019 8 104 3 73 8.7% 1.87 [0.51, 6.82] e
Okuno et al. 2020 2 23 9 468 7.7% 4.52 [1.04, 19.74] —
Primessnig et al. 2024 33 217 5 217 10.9% 6.60[2.63, 16.59] —_—
Rudolph et al. 2024 1 878 17 13,296 5.5% 0.89[0.12, 6.69]
Voigtlander et al. 2021 6 110 7 288 10.0% 2.24[0.77, 6.53] T
Total (95% CI) 2860 17,097 100.0% 3.27 [1.80, 5.91] S
Total events 141 103
Heterogeneity: Tau? = 0.62; Chi? = 32.77, df = 10 (P = 0.0003); I> = 69% :O o1 051 i 150 100‘

Test for overall effect: Z = 3.91 (P < 0.0001)
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Figure 3. Risk Ratios (RRs) and corresponding 95% Confidence Intervals (CIs) for the comparison
of Portico and SAPIEN 3 devices: moderate-to-severe PVL. Each square represents a study point
estimate. Diamonds reflect the overall effect. IV, inverse variance. Blue squares are point estimates
for single studies; black diamond is an overall estimate.
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No significant difference in the risk of mild PVL was observed (RR 1.46 [0.87, 2.44],
p=0.15; I> = 93%) despite a marked difference in event rates (14.8% [270 of 1837] and 4.0%
[611 of 15,219] for Portico and SAPIEN 3, respectively) (Figure 4A).

(A)
Portico SAPIEN 3 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% ClI
Abdelshafy et al. 2022 46 187 176 397 21.0% 0.55 [0.42, 0.73] -
Costa et al, 2022 91 208 219 768 Z21.6% 1.53 [1.27, 1.886] -
Giordano et al. 2019 26 347 16 541  17.0% 2.53 [1.38, 4.65] —_—
Primessnig et al. 2024 g2 217 65 217 21.0% 1.26 [0.97, 1.65] Ll
Rudolph et al. 2024 25 B78 135 132,296  19.4% 2.80[1.84, 4.27] —=—
Total (95% CI) 1837 15,219 100.0% 1.46 [0.87, 2.44] "'
Total events 270 611
i 1= : L = L [ } - ;
Heterogeneity: Tau® = 0.31; Chi* = 57.38, df = 4 (P < 0.00001); I' = 93% no1 o1 10 100
Test for overall effect: Z = 1.43 (F = 0.15) Favours Portico Favours SAPIEN 3
(B)
Portico SAPIEN 3 Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Brown et al. 2023 77 30 106 120 45 176 11.5% -43.00[-51.76, —34.24] ——
Costa et al. 2022 80 30 208 100 45 768 14.2% -20.00[-25.17, -14.83] -
Giordano et al. 2019 94 61 347 116 51 541 12.3% -22.00[-29.72, -14.28] —m—
Leone et al. 2023 92 45 172 136 47 286 11.6% -44.00[-52.65, —35.35] -
Makkar et al. 2020 84 37 381 118 43 206 12.9% -34.00[-40.95, —-27.05] -
Rudolph et al. 2024 93 27 878 121 104 13,296 15.8% -28.00[-30.51, -25.49] -
Santos-Martinez et al. 2022 87 54 125 119 47 290 9.9% -32.00[-42.90, -21.10] —
Voigtlander et al. 2021 90 30 110 124 52 288 11.9% -34.00[-42.22,-25.78] -
Total (95% CI) 2327 15,851 100.0% -31.58 [-37.02, —26.14] <&
Heterogeneity: Tau? = 47.18; Chi? = 40.43, df = 7 (P < 0.00001); I*> = 83% H —} t i
Test for overall effect: Z = 11.37 (P < 0.00001) 100 Fa\?oours Porticoo Favours SASP(I)EN 3 100
©
Portico SAPIEN 3 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Leone et al. 2023 23 172 108 286 45.5% 0.35[0.24, 0.53] —
Primessnig et al. 2024 0 217 1 217 0.7% 0.33[0.01, 8.14]
Voigtlander et al. 2021 24 110 131 288 53.8% 0.48 [0.33, 0.70] i
Total (95% Cl) 499 791 100.0% 0.42 [0.32, 0.55] X 2
Total events 47 240
ity: 2 = . iZ = = = 212 = 0% , t t d
Heterogeneity: Tau 0.00; Chi 1.17,df = 2 (P = 0.56); | 0% o1 o1 0 100

Test for overall effect: Z = 6.23 (P < 0.00001)
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Figure 4. Risk Ratios s(RR) with corresponding 95% Confidence Intervals (CIs) for the comparison of
Portico vs. SAPIEN 3 devices in the analysis of functional outcomes: mild PVL (A); Mean Difference
(MD) and corresponding 95% Confidence Interval (CI) for the comparison of Portico vs. SAPIEN
3 devices in the analysis of functional outcomes: mean trans-prosthetic gradient (B); Risk Ratio
(RR) with corresponding 95% Confidence Intervals (Cls) for the comparison of Portico vs. SAPIEN
3 devices in the analysis of functional outcomes: prosthesis—patient mismatch (C). Each square
represents a study point estimate. Diamonds reflect the overall effect. IV, inverse variance. Blue
squares are point estimates for single studies; black diamond is an overall estimate.

The mean trans-prosthetic gradient and the rate of patient—prosthesis mismatch
(PPM) were significantly lower in the Portico group compared with the SAPIEN 3 co-
hort (MD —31.58 [-37.02; —26.14] mmHg; p < 0.00001 and RR 0.42 [0.32, 0.55], p < 0.00001;
I = 0%, respectively), whereas the prosthetic valve area was comparable (MD 7.08 [—12.14,
26.30] mm?; p = 0.47) (Figure 4B,C, Supplementary Figure S1). Data were retrieved from
eight, three, and five studies comprising 18,268, 1290, and 2746 patients, respectively.
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3.3.3. Clinical Outcomes

e  Thirty-day outcomes

Patients treated with the Portico device demonstrated more than 60% higher risk of
permanent pacemaker implantation (PPI) compared with those treated with SAPIEN 3
(RR 1.62 [1.25, 2.10], p = 0.0002; I? = 66%). The corresponding rates were 19.0% (367 of
1913) and 12.2% (410 of 3360). Data on PPI were available from eleven studies comprising
5273 patients (Figure 5).

Portico SAPIEN 3 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Brown et al. 2023 16 106 13 176 7.1% 2.04 [1.02, 4.08]
Costa et al. 2022 38 208 74 768 11.2% 1.90 [1.32, 2.72] —
Giordano et al. 2019 42 347 72 541 11.3% 0.91 [0.64, 1.30] =
Kim et al. 2017 29 127 67 381 10.9% 1.30[0.88, 1.91] 1
Leone et al. 2023 26 172 23 286 8.9% 1.88[1.11, 3.19] —_—
Makkar et al. 2020 89 381 9 206 7.3%  5.35[2.75,10.39] —
Mas-Peiro et al. 2019 23 104 13 73 7.9% 1.24 [0.67, 2.29] -IT—
Primessnig et al. 2024 46 217 29 217 10.3% 1.59 [1.04, 2.43] —
Santos-Martinez et al. 2022 36 125 39 290 10.7% 2.14 [1.43, 3.20] ——
Tichelbédcker et al. 2018 4 16 28 134 5.1% 1.20[0.48, 2.97] I
Voigtlander et al. 2021 18 110 43 288 9.3% 1.10 [0.66, 1.82] T
Total (95% Cl) 1913 3360 100.0% 1.62 [1.25, 2.10] ®
Total events 367 410
Heterogeneity: Tau? = 0.12; Chi? = 30.24, df = 10 (P = 0.0008); I> = 67% :0 o1 051 150 100‘

Test for overall effect: Z = 3.68 (P = 0.0002)
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Figure 5. Risk Ratios (RRs) and corresponding 95% Confidence Intervals (CIs) for the comparison
of Portico and SAPIEN 3 devices: PPI. Each square represents a study point estimate. Diamonds
reflect the overall effect. IV, inverse variance. Blue squares are point estimates for single studies; black
diamond is an overall estimate.

No significant differences were observed between the valves with respect to neurologic
events (stroke and/or TIA) (RR 1.26 [0.87, 1.81], p = 0.22; I? = 0%), life-threatening and major
bleeding (RR 0.98 [0.71, 1.37], p = 0.92; 2= 18%) (Figure 6A,B), or other clinical endpoints,
including major vascular complication (MVC) (RR 1.03 [0.71, 1.49], p = 0.88; I? = 60%), AKI
(RR 1.14 [0.70, 1.85], p = 0.60; I?> = 54%), MI (RR 1.36 [0.58, 3.17], p = 0.48; I?> = 0%), and
mortality (RR 1.21 [0.83, 1.76], p = 0.32; I? = 10%) (Supplementary Figure S2A-D).

e  One-year outcomes

No significant differences were noticed in HF rehospitalization (RR 0.92 [0.53, 1.59],
p = 0.76; I? = 76%), PPI (RR 1.12 [0.70, 1.78], p = 0.64; I? = 83%), neurologic events (RR
0.68 [0.45, 1.03], p = 0.07; I?> = 0%), and MI (RR 1.32 [0.62, 2.78], p = 0.47; I> = 0%). Data
were obtained from three, three, five, and four studies including 15,608, 16,038, 17,083, and
16,496 participants, respectively (Figure 7A-D).

Six studies reported 1-year all-cause mortality. Overall, 1096 (13.3%) patients died,
with corresponding rates of 14.0% (199 of 1424) and 13.2% (897 of 6816) in the Portico and
SAPIEN 3 groups, respectively. A statistically significant difference was observed (RR 1.26
[1.06, 1.51], p = 0.01; I> = 5%) (Figure 7E).

3.4. Sensitivity Analysis and Heterogeneity

Excluding individual studies sequentially and repeating the calculations for the need
for more than one prosthesis, moderate-to-severe PVL, mean trans-prosthetic gradient,
PPM and PPI did not change the results (Supplementary Table S8). Similarly, applying the
risk difference (RD) analysis to studies reporting zero events in both arms did not alter the
estimates (Supplementary Figure S3).
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Portico SAPIENM 3 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Brown et al, 2023 4 106 4 176 7.2% 1.66 [0.42, 6.50] —
Costa et al. 2022 2 208 8 768 5.6% 0.92 [0.20, 4.31] —
Giordaneo et al. 2019 3 347 7 541 T7.4% 0.67 [0.17, 2.57] I E—
Makkar et al. 2020 15 381 7 206 17.2% 1.16 [0.48, 2.80] e
Mas-Peiro et al. 2019 3 104 3 73 5.4% 0.70 [0.15, 3.38] e E—
Primessnig et al. 2024 4 217 3 217 6.1% 1.33 [0.30, 5.89] I B —
Rudolph et al. 2024 13 878 146 13,296 42.2% 1.35 [0.77, 2.37] T
Santos-Martinez et al. 2022 4 125 4 290 7.1% 2.32 [0.59, 9.13] I e —
Voigtlinder et al. 2021 1 110 1 288 La%  2.62[0.17, 41.49]
Total (95% CI) 2476 15,855 100.0%  1.26 [0.87, 1.81] »
Total events 49 183
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Portico SAPIEN 3 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Costa et al. 2022 10 208 35 768 17.3% 1.05 [0.53, 2.09) .
Giordano et al. 2019 9 347 27 541 15.3% 0.52 (0.25, 1.09) |
Leone et al. 2023 5 172 17 286 9.7% 0.49 (0.18, 1.30) -_—
Makkar et al. 2020 44 381 16 206 23.9% 1.49 [0.86, 2.57) T
Mas-Peiro et al. 2019 4 104 4 73 5.4% 0.70 [0.18, 2.72) —
Primessnig et al. 2024 S 217 3 217 5.0% 1.67 [0.40, 6.89)] St
Santos-Martinez et al. 2022 S 125 12 290 9.0% 0.97 [0.35, 2.69) _—
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Total events 91 131 T
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Figure 6. Risk Ratios (RRs) with corresponding 95% Confidence Intervals (Cls) for the comparison
between Portico and SAPIEN 3 devices in the analysis of clinical outcomes: neurologic events (A) and

life-threatening and major bleeding (B). Blue squares are point estimates for single studies; black
diamond is an overall estimate.

(A)
Portico SAPIEN 3 Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Costa et al. 2022 39 208 101 768 40.2% 1.43 [1.02, 2.00] -
Leone et al. 2023 6 172 17 286 20.4% 0.59 [0.24, 1.46] —
Rudolph et al. 2024 31 878 632 13,296 39.5% 0.74 [0.52, 1.06] —H
Total (95% CI) 1258 14,350 100.0% 0.92 [0.53, 1.59] 4.-
Total events 76 750
Heterogeneity: Tau® = 0.16; Chi* = 8.29, df = 2 (P = 0.02); I* = 76% 50 o1 0’1 1’0 100’
Test for overall effect: Z = 0.30 (P = 0.76) : Favéurs Portico Favours SAPIEN 3
(B)
Portico SAPIEN 3 Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Corcione et al. 2021 44 347 76 541 32.8% 0.90 [0.64, 1.28]
Costa et al, 2022 46 208 96 768  33.8% 1.77 [1.29, 2.43] =
Rudolph et al. 2024 36 878 628 13,296 33.4% 0.87 [0.62, 1.21]
Total (95% CI) 1433 14,605 100.0% 1.12 [0.70, 1.78]
Total events 126 800
Heterogeneity: Tau® = 0.14; Chi* = 11.80, df = 2 (P = 0.003); I* = 83% 50 o1 0-‘1 H 150 100’

Test for overall effect: Z = 0.47 (P = 0.64)
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Portico SAPIEN 3 Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight IV, Random, 95% Cl IV, Randam, 95% CI

Corcione et al. 2021 3 347 11 541 10.3% 0.43 [0.12, 1.51] e

Costa et al. 2022 5 208 24 768 18.4% 0.77 [0.30, 1.99] — T

Leone et al. 2023 1 172 7 286 3.8% 0.24 [0.03, 1.91]

Makkar et al. 2020 23 381 15 206 42.3% 0.83 [0.44, 1.55] —l—

Rudolph et al. 2024 6 878 141 13,296 25.1%  0.64 [0.29, 1.45) —

Total (95% CI) 1986 15,097 100.0% 0.68 [0.45, 1.03] L

Total events 38 198
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Total events 11 39
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Figure 7. Risk Ratios (RRs) with corresponding 95% Confidence Intervals (Cls) for the comparison
between Portico and SAPIEN 3 devices in the analysis of clinical outcomes at 1-year follow-up: HF
rehospitalization (A), permanent pacemaker implantation (B), neurologic events (C), myocardial
infarction (D) and mortality (E). Blue squares are point estimates for single studies; black diamond is
an overall estimate.

Substantial heterogeneity (Higgin’s I? > 50%) was noticed for pre- and post-dilatation,
PVL, major vascular complications, PPI and AKI, as well as rehospitalization and PPI, at
1-year follow-up. Clinical heterogeneity most likely arises from an imbalance between the
populations being compared, whereas heterogeneity in echocardiographic outcomes likely
reflects the inherent variability in the assessment of these parameters.

4. Discussion

To the best of our knowledge, the current study represents the only meta-analysis
comparing procedural, clinical, and functional outcomes of Abbott’s Portico and Edwards’
SAPIEN 3 devices. By pooling data from one randomized trial and thirteen observational
studies (including two propensity score-matched and two propensity score-weighted
studies), we were able to evaluate both short- and long-term performance of the two
devices in a large cohort of over 20,500 patients in a comprehensive and systematic manner.
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Despite the observed imbalance in age, heart failure condition, and risk profile between
the study groups, individual studies did not demonstrate marked differences between
Portico and SAPIEN 3 recipients. Patients who received the Portico device were older, more
frequently presented with NYHA class III/IV symptoms, and had a higher risk profile.
They also had a smaller native annulus diameter and a higher mean transvalvular gradient;
however, they received significantly larger valve prostheses.

The main finding of the present report was that moderate-to-severe PVL was more
common in the Portico group. On the other hand, Portico was associated with a lower
mean transprosthetic gradient and incidence of patient—prosthesis mismatch (PPM). The
Portico group showed higher rates of at least second prosthesis utilization during initial
implantation, pre- and post-dilatation, permanent pacemaker implantation (PPI), and 1-
year mortality. Other TAVI-related complications, as well as 30-day and 1-year clinical
outcomes, including life-threatening/major bleeding, neurologic events (stroke and/or
TIA), acute kidney injury (AKI), myocardial infarction (MI) and rehospitalization due to
heart failure, did not differ significantly between the devices.

We observed a statistically significant difference in the occurrence of moderate-to-
severe PVL between the self-expanding Portico and the balloon-expandable SAPIEN 3
at 30-day follow-up. In the Portico group, the rate of moderate-to-severe PVL was 4.9%.
Although the difference in mild PVL event rates was notable (14.8% vs. 4.0% for Portico
and SAPIEN 3, respectively), it did not reach statistical significance. In the multicenter
single-arm study comprising 1001 patients who received the Portico device, conducted
by Mollmann et al. [27], the incidence of 30-day moderate-to-severe PVL was 2.1% (16 of
771), whereas mild PVL was observed in 53.2% of cases (410 of 771). Moderate-to-severe
PVL is associated with higher long-term mortality [28,29]. Other long-term follow-up data
have suggested that even mild PVL increases late mortality after implantation of the self-
expanding CoreValve [30]. Ando et al. [31], in a meta-analysis comprising 21,018 patients,
demonstrated higher all-cause mortality in patients with mild PVL compared to those
with none/trivial PVL (RR 1.26, [1.11-1.43], p < 0.001]. Yokoyama et al. [32] revealed, in
a matched cohort, that patients with mild PVL had a significant 1.4-fold increased risk of
mortality 5 years after TAVI. A meta-analytical comparison of ACURATE neo (another
self-expanding prosthesis) with SAPIEN 3 showed significanly higher 30-day incidence of
moderate-to-severe and mild PVL in the ACURATE neo group, which was associated with
worse survival observed at 1-year follow-up [33].

Several potential causes of PVL include severe native valve calcification, suboptimal
artificial valve sizing, positioning, and deployment, as well as prosthesis design. Oh et al.
reported that 83% of CoreValve recipients expirienced at least one degree of regression in
PVL during one year of follow-up [34]. Popma et al. demonstrated that the frequency of
moderate or severe PVL was more than 50% lower at 12 months after CoreValve TAVI (4.2%)
compared to discharge (10.7%) [35]. The authors suspected that the structural properties of
the nitinol self-expanding frame and its progressive expansion could improve paravalvular
sealing. However, the lack of reported functional outcome data at the 1-year follow-up in
assessed studies does not allow confirmation of this phenomenon. A decreasing rate of PVL
with Medtronic’s self-expanding transcatheter valves was observed with each subsequent
generation. The CoreValve, the precursor of the Evolut R, demonstrated nearly 50% higher
risk for moderate-to-severe PVL [36]. The Evolut PRO, created by adding an external
pericardial skirt to the lower part of the Evolut R frame, achieved a further reduction of
nearly 35% in moderate-to-severe PVL [37]. Future studies with the Navitor, the next
iteration of the Portico prosthesis equipped with an active-sealing cuff at the lower part
of the frame, will determine whether a similar trend is observed with Abbott’s devices.
However, comparative data for Navitor remain unavailable at this time. The ongoing
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ENVISION randomized clinical trial (NCT05932615) is currently evaluating the Navitor
system in patients with severe symptomatic aortic stenosis deemed at low or intermediate
surgical risk.

In our study, the Portico valve demonstrates very favorable short-term hemody-
namic parameters with a significantly lower mean gradient and rate of PPM compared to
SAPIEN 3. Patients with potential severe PPM are at great risk of mortality and kidney
injury. Zorn et al. [38] reported that the rates of all-cause mortality and acute kidney injury
at 1 year were significantly higher in patients with severe PPM compared to those without
severe PPM (20.6% vs. 12.0% [p = 0.01] for mortality and 19.2% vs. 8.5% [p = 0.0008] for
kidney injury).

Data regarding early functional results across multiple studies generally reported bet-
ter hemodynamic performance of self-expanding prostheses, whereas balloon-expandable
valves were associated with a lower rate of PVL, suggesting a potential class effect. To date,
only one prosthetic valve, the Lotus (Boston Scientific Corporation, Marlborough, MA,
USA), has demonstrated a lower rate of 30-day PVL compared to the balloon-expandable
SAPIEN 3. This mechanically expanded valve showed a 35% reduction in the risk of mild
PVL compared to SAPIEN 3 [39].

Our study revealed that the Portico group had higher rates of at least second prosthesis
utilization, pre-dilatation, post-dilatation and PPI. The need for more than one valve
during initial implantation is most likely due to the less frequent use of this prosthesis
and, consequently, the operators’ limited experience. Post-dilatation may improve the
hemodynamic performance of the implanted prosthesis and reduce the grade or severity
of PVL. However, crushing and compressing severely calcified native tissues can damage
the cardiac conduction system and/or release calcified fragments, potentially leading to
stroke. In our study, pre- and post-dilatation were performed significantly more frequently
in the Portico group (74.7% vs. 65.9% for pre-dilatation and 42.0% vs. 13.1% for post-
dilatation, respectively). Although no difference in neurologic events (stroke and/or TIA)
was observed between the devices, the rate of PPI in the Portico group was more than
60% higher than in the SAPIEN 3 group, with corresponding rates of 19.0% vs. 12.2%,
respectively. In the study by Mollmann et al. [27], including 1001 Portico recipients, the
rates of pre-dilatation, post-dilatation, and PPI were 86.9%, 37.6%, and 17.1%, respectively.
Data from The Netherlands Heart Registration [40] showed that the incidence of PPI within
30 days following TAVI was 12%, and they identified post-dilatation as an independent
risk factor.

On the other hand, Sanz Sanchez et al. [41] did not observe a higher rate of stroke
and/or PPI after post-dilatation in the self-expanding valve group, consistent with the
findings of Nara and colleagues in the case of balloon-expandable prostheses [42].

Several reports have highlighted a correlation between the atrioventricular conduction
block and depth of prosthesis implantation, emphasizing the need for high placement of
the self-expanding valves [43,44].

Two approaches may be important for reducing the rate of PPI in self-expanding
prostheses: (1) avoidance of post-dilatation, based on the structural properties of the nitinol
frame that allow progressive expansion to improve sealing [34,35], and (2) high placement
of the valves [45]. Beyond device-specific factors, implantation technique plays a critical
role in reducing conduction abnormalities. The cusp-overlap technique, as opposed to
the traditional co-planar view, has been shown to facilitate the deeper implantation of
self-expanding valves and reduce the rate of permanent pacemaker implantation [46].
Several studies have demonstrated that routine use of the cusp-overlap view allows for
more accurate assessment of implantation depth, particularly in patients with a horizontal
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aorta or heavy calcification. Adoption of this technique may mitigate the higher PPI rates
observed with self-expanding prostheses, including the Portico valve.

Several limitations should be acknowledged. Firstly, the present investigation con-
sists predominantly of observational studies, which inevitably increases the risk of bias.
Adjustment for differences in baseline patient characteristics through propensity score
matching or weighting was applied in only four of the fourteen reports. In addition, other
confounders, such as learning curve, operators’ experience, and decisions regarding valve
type, remain and may further contribute to the risk of bias. Despite being assessed as
having a moderate risk of bias, observational studies included in our meta-analysis appear
to provide robust evidence on the topics of interest. Secondly, findings regarding clinical
outcomes, particularly mortality, should be interpreted with caution, as imbalances in
age and risk profile disadvantaged the Portico population. Thirdly, only one third of the
studies reported a 1-year follow-up when comparing the two platforms. Consequently, our
finding of increased 1-year mortality with Portico remains a weak association rather than a
proven causal link, particularly given the absence of longer-term follow-up data for this
device. In contrast, long-term data for other self-expanding platforms (e.g., the Medtronic
CoreValve) have demonstrated that moderate-to-severe PVL present at 30 days is associated
with a 2.5-fold increased risk of late mortality at 5 years [47], raising the possibility that a
similar hazard may exist for Portico. Whether the higher PVL rate observed with Portico
translates into excess late mortality requires confirmation from future dedicated long-term
comparative studies. Fourthly, substantial heterogeneity in some procedural, clinical, and
functional outcomes may affect the interpretation of the results. Fifthly, the absence of
some outcomes of interest in the included studies may have contributed to publication bias.
The use of VARC-2, rather than the more recent VARC-3 criteria, represents a limitation
of this meta-analysis; yet, only a single study reports it. Lastly, it must be acknowledged
that both valves compared in this analysis have been followed by newer generations. The
SAPIEN 3 platform has been succeeded by SAPIEN 3 Ultra (featuring a 40% taller external
seal skirt) and SAPIEN 3 Ultra RESILIA (incorporating RESILIA® tissue for enhanced
durability). Similarly, the Portico valve is being progressively replaced by the Navitor
valve (equipped with an active sealing cuff). Consequently, our findings are based on
older-generation platforms. Nevertheless, the core design features—balloon-expandable
versus self-expanding mechanisms, frame geometry, and sealing principles—are largely
preserved across generations. Therefore, although the specific valves studied may not
represent the absolute latest technology, many of which are still unavailable “on the shelf”,
the comparative insights regarding class effects (e.g., higher PPI rates with self-expanding
valves, lower PVL rates with balloon-expandable valves, and superior hemodynamics
with certain self-expanding designs) remain relevant for interpreting the performance of
contemporary and future devices.

5. Conclusions

The findings of this study demonstrate favorable outcomes for both the Portico and
SAPIEN 3 prostheses. The Portico device was associated with a significantly higher rate
of moderate-to-severe paravalvular leak, as well as permanent pacemaker implantation.
In contrast, the SAPIEN 3 valve was associated with a significantly higher mean trans-
prosthetic gradient, with a corresponding increase in the rate of patient—prosthesis mis-
match. Whether the higher paravalvular leak rate in Portico recipients accounts for the
increased 1-year mortality remains to be proven in a dedicated long-term study.
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AKI Acute Kidney Injury

EOA Effective Orifice Area

RR Risk Ratio

CI Confidence Interval

MD Mean Difference

RD Risk Difference

1. Forrest, ].K.; Deeb, G.M.; Yakubov, S.].; Gada, H.; Mumtaz, M.A.; Ramlawi, B.; Bajwa, T.; Teirstein, P.S.; Tchétché, D.; Huang, J.;
et al. 4-year Outcomes of Patients with Aortic Stenosis in the Evolut Low Risk Trial. ]. Am. Coll. Cardiol. 2023, 82, 2163-2165.

[CrossRef] [PubMed]

2. Mack, M.J.; Leon, M.B.; Thourani, V.H.; Pibarot, P.; Hahn, R.T.; Genereux, P.; Kodali, S.K.; Kapadia, S.R.; Cohen, D.].; Pocock, S.J.;
et al. Transcatheter Aortic-valve Replacement in Low-Risk Patients at Five Years. N. Engl. J. Med. 2023, 389, 1949-1960. [CrossRef]

[PubMed]

3. Kodali, S.K.; Williams, M.R.; Smith, C.R.; Svensson, L.G.; Webb, ].G.; Makkar, R.R.; Fontana, G.P,; Dewey, T.M.; Thourani, VH.;
Pichard, A.D.; et al. Two-year outcomes after transcatheter or surgical aortic-valve replacement. N. Engl. J. Med. 2012, 366,
1686-1695. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm15103573


https://doi.org/10.1016/j.jacc.2023.09.813
https://www.ncbi.nlm.nih.gov/pubmed/37877907
https://doi.org/10.1056/NEJMoa2307447
https://www.ncbi.nlm.nih.gov/pubmed/37874020
https://doi.org/10.1056/NEJMoa1200384
https://www.ncbi.nlm.nih.gov/pubmed/22443479
https://doi.org/10.3390/jcm15103573

J. Clin. Med. 2026, 15, 3573 18 of 20

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

5S4, M.P; Jacquemyn, X.; Van den Eynde, J.; Tasoudis, P; Erten, O.; Sicouri, S.; Macedo, FY.; Pasala, T.; Kaple, R.; Weymann, A.; et al.
Impact of Paravalvular Leak on Outcomes After Transcatheter Aortic Valve Implantation: Meta-Analysis of Kaplan-Meier-derived
Individual Patient Data. Struct. Heart 2022, 7, 100118. [CrossRef] [PubMed]

Stroup, D.E; Berlin, ].A.; Morton, S.C.; Olkin, L; Williamson, G.D.; Moher, D.; Becker, B.J.; Sipe, T.A.; Thacker, S.B. Meta-analysis
of observational studies in epidemiology: A proposal for reporting. Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) Group. JAMA 2000, 283, 2008-2012. [CrossRef] [PubMed]

Page, M.].; Moher, D.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A.; Brennan,
S.E.; et al. PRISMA 2020 explanation and elaboration: Updated guidance and exemplars for reporting systematic reviews. BM]
2021, 372, n160. [CrossRef] [PubMed]

Sterne, J.A.C.; Savovig, J.; Page, M.].; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.Y.; Corbett, M.S.; Eldridge,
S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 2019, 366, 14898. [CrossRef] [PubMed]
Sterne, J.A.C.; Hernan, M.A.; Reeves, B.C.; Savovi¢, J.; Berkman, N.D.; Viswanathan, M.; Henry, D.; Altman, D.G.; Ansari, M.T,;
Boutron, I.; et al. ROBINS-I: A tool for assessing risk of bias in non-randomised studies of interventions. BMJ 2016, 355, i4919.
[CrossRef] [PubMed]

Kappetein, A.P,; Head, S.J.; Généreux, P; Piazza, N.; van Mieghem, N.M.; Blackstone, E.H.; Brott, T.G.; Cohen, D.].; Cutlip, D.E,;
van Es, G.-A; et al. Updated standardized endpoint definitions for transcatheter aortic valve implantation: The Valve Academic
Research Consortium-2 consensus document. Eur. Heart J. 2012, 33, 2403-2418. [CrossRef] [PubMed]

Higgins, J.P.T.; Thompson, S.G.; Deeks, ].].; Altman, D.G. Measuring inconsistency in meta-analyses. BMJ 2003, 327, 557-560.
[CrossRef] [PubMed]

Wan, X.; Wang, W.; Liu, J.; Tong, T. Estimating the sample mean and standard deviation from the sample size, median, range
and/or interquartile range. BMC Med. Res. Methodol. 2014, 14, 135. [CrossRef] [PubMed]

Abdelshafy, M.; Serruys, PW.; Kim, W.-K,; Riick, A.; Wang, R.; Tao, L.; Elkoumy, A.; Elzomor, H.; Garg, S.; Onuma, Y.; et al.
Quantitative Angiographic Assessment of Aortic Regurgitation Following 11 TAVR Devices: An Update of a Multicenter Pooled
Analysis. . Soc. Cardiovasc. Angiogr. Interv. 2022, 1, 100037. [CrossRef] [PubMed]

Brown, J.A.; Yousef, S.; Toma, C.; Kliner, D.; Serna-Gallegos, D.; Makani, A.; West, D.; Wang, Y.; Thoma, E; S4, M.P; et al.
Self-Expanding Transcatheter Aortic Valves Optimize Transvalvular Hemodynamics Independent of Intra- Versus Supra-Annular
Design. Am. |. Cardiol. 2023, 207, 48-53. [CrossRef] [PubMed]

Corcione, N.; Morell, A.; Ferraro, P.; Cimmino, M.; Testa, L.; Petronio, A.S.; ladanza, A.; Bartorelli, A.L.; Berti, S.; Regazzoli,
D.; et al. Comparing the Safety and Effectiveness of Five Leading New-Generation Devices for Transcatheter Aortic Valve
Implantation: Twelve-Month Results From the RISPEVA Study. J. Invasive Cardiol. 2021, 33, E320-E329. [CrossRef] [PubMed]
Costa, G.; Barbanti, M.; Rosato, S.; Seccareccia, F.; Tarantini, G.; Fineshi, M.; Salizzoni, S.; Valvo, R.; Tamburino, C.; Biancari, F,;
et al. Real-World Multiple Comparison of Transcatheter Aortic Valves: Insights From the Multicenter OBSERVANT II Study. Circ.
Cardiovasc. Interv. 2022, 15, €012294. [CrossRef] [PubMed]

Giordano, A.; Corcione, N.; Ferraro, P.; Morello, A.; Conte, S.; Testa, L.; Bedogni, F; Iadanza, A.; Berti, S.; Regazzoli, D.;
et al. Comparative one-month safety and effectiveness of five leading new-generation devices for transcatheter aortic valve
implantation. Sci. Rep. 2019, 9, 17098. [CrossRef] [PubMed]

Kim, WK.; Blumenstein, J.; Liebetrau, C.; Rolf, A.; Gaede, L.; Van Linden, A.; Arsalan, M.; Doss, M.; Tijssen, ].G.P.; Hamm, C.W,;
et al. Comparison of outcomes using balloon-expandable versus self-expanding transcatheter prostheses according to the extent
of aortic valve calcification. Clin. Res. Cardiol. 2017, 106, 995-1004. [CrossRef] [PubMed]

Leone, PP; Regazzoli, D.; Pagnesi, M.; Cannata, F.; Mangieri, A.; Hokken, TW.; Costa, G.; Barbanti, M.; Teles, R.; Adamo, M.; et al.
Implantation of contemporary transcatheter aortic valves in small aortic annuli: The international multicentre TAVISMALL 2
registry. Eurolntervention 2023, 19, 256-266. [CrossRef] [PubMed]

Makkar, R.R.; Cheng, W.; Waksman, R.; Satler, L.E; Chakravarty, T.; Groh, M.; Abernethy, W.; Russo, M.].; Heimansohn, D.;
Hermiller, J.; et al. Self-expanding intra-annular versus commercially available transcatheter heart valves in high and extreme
risk patients with severe aortic stenosis (PORTICO IDE): A randomised, controlled, non-inferiority trial. Lancet 2020, 396, 669-683.
[CrossRef] [PubMed]

Mas-Peiro, S.; Seppelt, P.C.; Weiler, H.; Mohr, G.-L.; Papadopoulos, N.; Walther, T.; Zeiher, A.M.; Fichtlscherer, S.; Vasa-Nicotera,
M.A. Direct Comparison of Self-Expandable Portico Versus Balloon-Expandable Sapien 3 Devices for Transcatheter Aortic Valve
Replacement: A Case-Matched Cohort Study. J. Invasive Cardiol. 2019, 31, E199-E204. [CrossRef] [PubMed]

Okuno, T.; Asami, M.; Heg, D.; Lanz, J.; Praz, F; Hagemeyer, D.; Brugger, N.; Gréni, C.; Huber, A.; Spirito, A.; et al. Impact of Left
Ventricular Outflow Tract Calcification on Procedural Outcomes After Transcatheter Aortic Valve Replacement. JACC Cardiovasc.
Interv. 2020, 13, 1789-1799. [CrossRef] [PubMed]

Primessnig, U.; Wiedenhofer, ] M.; Trippel, T.D.; Loddenkemper, C.M.; Schrader, H.; Brand, A.; Spethmann, S.; Stangl, K,;
Haghikia, A.; Landmesser, U.; et al. Early clinical outcomes of Portico and Edwards Sapien 3 valve prosthesis in transcatheter
aortic valve replacement: Propensity-matched analysis. Front. Cardiovasc. Med. 2024, 11, 1400626. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm15103573


https://doi.org/10.1016/j.shj.2022.100118
https://www.ncbi.nlm.nih.gov/pubmed/37275584
https://doi.org/10.1001/jama.283.15.2008
https://www.ncbi.nlm.nih.gov/pubmed/10789670
https://doi.org/10.1136/bmj.n160
https://www.ncbi.nlm.nih.gov/pubmed/33781993
https://doi.org/10.1136/bmj.l4898
https://www.ncbi.nlm.nih.gov/pubmed/31462531
https://doi.org/10.1136/bmj.i4919
https://www.ncbi.nlm.nih.gov/pubmed/27733354
https://doi.org/10.1093/eurheartj/ehs255
https://www.ncbi.nlm.nih.gov/pubmed/23026477
https://doi.org/10.1136/bmj.327.7414.557
https://www.ncbi.nlm.nih.gov/pubmed/12958120
https://doi.org/10.1186/1471-2288-14-135
https://www.ncbi.nlm.nih.gov/pubmed/25524443
https://doi.org/10.1016/j.jscai.2022.100037
https://www.ncbi.nlm.nih.gov/pubmed/39131960
https://doi.org/10.1016/j.amjcard.2023.08.120
https://www.ncbi.nlm.nih.gov/pubmed/37722201
https://doi.org/10.25270/jic/20.00438
https://www.ncbi.nlm.nih.gov/pubmed/33739300
https://doi.org/10.1161/CIRCINTERVENTIONS.122.012294
https://www.ncbi.nlm.nih.gov/pubmed/36484239
https://doi.org/10.1038/s41598-019-53081-w
https://www.ncbi.nlm.nih.gov/pubmed/31745198
https://doi.org/10.1007/s00392-017-1149-3
https://www.ncbi.nlm.nih.gov/pubmed/28795259
https://doi.org/10.4244/EIJ-D-22-00843
https://www.ncbi.nlm.nih.gov/pubmed/36950893
https://doi.org/10.1016/S0140-6736(20)31358-1
https://www.ncbi.nlm.nih.gov/pubmed/32593323
https://doi.org/10.25270/jic/19.00008
https://www.ncbi.nlm.nih.gov/pubmed/31257214
https://doi.org/10.1016/j.jcin.2020.04.015
https://www.ncbi.nlm.nih.gov/pubmed/32763071
https://doi.org/10.3389/fcvm.2024.1400626
https://www.ncbi.nlm.nih.gov/pubmed/39077114
https://doi.org/10.3390/jcm15103573

J. Clin. Med. 2026, 15, 3573 19 of 20

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Rudolph, T.K.; Herrmann, E.; Bon, D.; Walther, T.; Bauer, T.; Ensminger, S.; Frerker, C.; Beckmann, A.; Mollmann, H.; Bekeredjian,
R.; et al. Comparison of contemporary transcatheter heart valve prostheses: Data from the German Aortic Valve Registry (GARY).
Clin. Res. Cardiol. 2024, 113, 75-85. [CrossRef] [PubMed]

Santos-Martinez, S.; Halim, J.; Castro-Mejia, A.; De Marco, F,; Trani, C.; Martin, P; Infusino, E.; Ancona, M.; Moreno, R.; den
Heijer, P; et al. Myval versus alternative balloon- and self-expandable transcatheter heart valves: A central core lab analysis of
conduction disturbances. Int. J. Cardiol. 2022, 351, 25-31. [CrossRef] [PubMed]

Tichelbacker, T.; Bergau, L.; Puls, M; Friede, T.; Miitze, T.; Maier, L.S.; Frey, N.; Hasenfuf3, G.; Zabel, M.; Jacobshagen, C.; et al.
Insights into permanent pacemaker implantation following TAVR in a real-world cohort. PLoS ONE 2018, 13, €0204503. [CrossRef]
[PubMed]

Voigtlander, L.; Kim, W.-K.; Mauri, V.; GoBlling, A.; Renker, M.; Sugiura, A.; Linder, M.; Schmidt, T.; Schofer, N.; Westermann, D.;
et al. Transcatheter aortic valve implantation in patients with a small aortic annulus: Performance of supra-, intra- and infra-
annular transcatheter heart valves. Clin. Res. Cardiol. 2021, 110, 1957-1966. [CrossRef] [PubMed]

Mollmann, H.; Linke, A.; Nombela-Franco, L.; Sluka, M.; Dominguez, ].F.O.; Montorfano, M.; Kim, W.-K.; Arnold, M.; Vasa-
Nicotera, M.; Fichtlscherer, S.; et al. Valve Hemodynamics by Valve Size and 1-Year Survival Following Implantation of the
Portico Valve in the Multicenter CONFIDENCE Registry. Struct. Heart 2023, 8, 100226. [CrossRef] [PubMed]

Gotzmann, M.; Korten, M.; Bojara, W.; Lindstaedt, M.; Rahlmann, P.; Miigge, A.; Ewers, A. Long- term outcome of patients with
moderate and severe prosthetic aortic valve regurgitation after transcatheter aortic valve implantation. Am. J. Cardiol. 2012, 110,
1500-1506. [CrossRef] [PubMed]

Warraich, N.; Brown, J.A.; Ashwat, E.; Kliner, D.; Serna-Gallegos, D.; Toma, C.; West, D.; Makani, A.; Wang, Y.; Sultan, L
Paravalvular Leak After Transcatheter Aortic Valve Implantation: Results From 3600 Patients. Ann. Thorac. Surg. 2025, 119,
1037-1044. [CrossRef] [PubMed]

Jones, B.M.; Tuzcu, E.M.; Krishnaswamy, A.; Popovic, Z.; Mick, S.; Roselli, E.E.; Gul, S.; Devgun, J.; Mistry, S.; Jaber, W.A_; et al.
Prognostic significance of mild aortic regurgitation in predicting mortality after transcatheter aortic valve replacement. J. Thorac.
Cardiovasc. Surg. 2016, 152, 783-790. [CrossRef] [PubMed]

Ando, T; Briasoulis, A.; Telila, T.; Afonso, L.; Grines, C.L.; Takagi, H. Does mild paravalvular regurgitation post transcatheter
aortic valve implantation affect survival? A meta-analysis. Catheter. Cardiovasc. Interv. 2018, 91, 135-147. [CrossRef] [PubMed]
Yokoyama, H.; Sugiyama, Y.; Miyashita, H.; Jalanko, M.; Ochiai, T.; Shishido, K.; Yamanaka, F; Vihasilta, T.; Saito, S.; Laine, M.;
et al. Impact of Mild Paravalvular Regurgitation on Long- Term Clinical Outcomes After Transcatheter Aortic Valve Implantation.
Am. |. Cardiol. 2023, 191, 14-22. [CrossRef] [PubMed]

Gozdek, M.; Zieliniski, M.; Pasierski, M.; Matteucci, M.; Fina, D.; Jiritano, F.; Meani, P; Raffa, G.M.; Malvindi, P.G.; Pilato, M.; et al.
Transcatheter Aortic Valve Replacement with Self-Expandable ACURATE neo as Compared to Balloon-Expandable SAPIEN 3 in
Patients with Severe Aortic Stenosis: Meta-Analysis of Randomized and Propensity-Matched Studies. J. Clin. Med. 2020, 9, 397.
[CrossRef] [PubMed]

Oh, J.K.; Little, S.H.; Abdelmoneim, S.S.; Reardon, M.].; Kleiman, N.S.; Lin, G.; Bach, D.; Gillam, L.; Kar, B.; Coselli, J.; et al.
CoreValve U.S. Pivotal Trial Clinical Investigators, Regression of paravalvular aortic regurgitation and remodeling of self-
expanding transcatheter aortic valve: An observation from the CoreValve U.S. pivotal trial. JACC Cardiovasc. Imaging 2015, 8,
1364-1375. [CrossRef] [PubMed]

Popma, J.J.; Adams, D.H.; Reardon, M.].; Yakubov, S.J.; Kleiman, N.S.; Heimansohn, D.; Hermiller, J.; Hughes, G.C.; Harrison, ] K,;
Coselli, J.; et al. Transcatheter aortic valve replacement using a self-expanding bioprosthesis in patients with severe aortic stenosis
at extreme risk for surgery. J. Am. Coll. Cardiol. 2014, 63, 1972-1981. [CrossRef] [PubMed]

Kowalewski, M.; Gozdek, M.; Raffa, G.M.; Stomka, A.; Zieliriski, K.; Kubica, J.; Anisimowicz, L.; Kowalewski, J.; Landes, U.;
Kornowski, R.; et al. Transcathether aortic valve implantation with the new repositionable self-expandable Medtronic Evolut R
vs. CoreValve system: Evidence on the benefit of a meta-analytical approach. J. Cardiovasc. Med. 2019, 20, 226-236. [CrossRef]
[PubMed]

Gozdek, M.; Kuzma, L.; Dabrowski, E.J.; Janiak, M.; Pietrzak, M.; Skonieczna, K.; Woznica, M.; Wydeheft, L.; Makhoul, M.;
Matteucci, M.; et al. Outcomes of Transcatheter Aortic Valve Implantation Comparing Medtronic’s Evolut PRO and Evolut R:
A Systematic Review and Meta-Analysis of Observational Studies. Int. . Environ. Res. Public Health 2023, 20, 3439. [CrossRef]
[PubMed]

Zorn, G.L,; Little, S.H.; Tadros, P.; Deeb, G.M.; Gleason, T.G.; Heiser, J.; Kleiman, N.S.; Oh, ] K.; Popma, J.J.; Adams, D.; et al.
Prosthesis—patient mismatch in high-risk patients with severe aortic stenosis: A randomized trial of a self-expanding prosthesis. J.
Thorac. Cardiovasc. Surg. 2016, 151, 1014-1022. [CrossRef] [PubMed]

Gozdek, M,; Ratajczak, J.; Arndt, A.; Zieliiski, K.; Pasierski, M.; Matteucci, M.; Fina, D.; Jiritano, F.; Meani, P.; Raffa, G.M.; et al.
Transcatheter aortic valve replacement with Lotus and Sapien 3 prosthetic valves: A systematic review and meta-analysis. J.
Thorac. Dis. 2020, 12, 893-906. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm15103573


https://doi.org/10.1007/s00392-023-02242-z
https://www.ncbi.nlm.nih.gov/pubmed/37462856
https://doi.org/10.1016/j.ijcard.2021.12.049
https://www.ncbi.nlm.nih.gov/pubmed/34979152
https://doi.org/10.1371/journal.pone.0204503
https://www.ncbi.nlm.nih.gov/pubmed/30332419
https://doi.org/10.1007/s00392-021-01918-8
https://www.ncbi.nlm.nih.gov/pubmed/34387736
https://doi.org/10.1016/j.shj.2023.100226
https://www.ncbi.nlm.nih.gov/pubmed/38283573
https://doi.org/10.1016/j.amjcard.2012.07.010
https://www.ncbi.nlm.nih.gov/pubmed/22863177
https://doi.org/10.1016/j.athoracsur.2025.01.012
https://www.ncbi.nlm.nih.gov/pubmed/39894430
https://doi.org/10.1016/j.jtcvs.2016.05.023
https://www.ncbi.nlm.nih.gov/pubmed/27321435
https://doi.org/10.1002/ccd.27336
https://www.ncbi.nlm.nih.gov/pubmed/28963761
https://doi.org/10.1016/j.amjcard.2022.12.002
https://www.ncbi.nlm.nih.gov/pubmed/36623409
https://doi.org/10.3390/jcm9020397
https://www.ncbi.nlm.nih.gov/pubmed/32024168
https://doi.org/10.1016/j.jcmg.2015.07.012
https://www.ncbi.nlm.nih.gov/pubmed/26508386
https://doi.org/10.1016/j.jacc.2014.02.556
https://www.ncbi.nlm.nih.gov/pubmed/24657695
https://doi.org/10.2459/JCM.0000000000000757
https://www.ncbi.nlm.nih.gov/pubmed/30829877
https://doi.org/10.3390/ijerph20043439
https://www.ncbi.nlm.nih.gov/pubmed/36834131
https://doi.org/10.1016/j.jtcvs.2015.10.070
https://www.ncbi.nlm.nih.gov/pubmed/26614412
https://doi.org/10.21037/jtd.2019.12.107
https://www.ncbi.nlm.nih.gov/pubmed/32274157
https://doi.org/10.3390/jcm15103573

J. Clin. Med. 2026, 15, 3573 20 of 20

40.

41.

42.

43.

44.

45.

46.

47.

48.

Ravaux, ].M.; Van Kuijk, S.M.].; Di Mauro, M.; Vernooy, K.; Bidar, E.; Van't Hof, A.W.; Veenstra, L.; Kats, S.; Houterman, S.;
Maessen, J.G.; et al. Incidence and Predictors of Permanent Pacemaker Implantation after Transcatheter Aortic Valve Procedures:
Data of The Netherlands Heart Registration (NHR). J. Clin. Med. 2022, 11, 560. [CrossRef] [PubMed]

Sanz Sanchez, J.; Regazzoli, D.; Barbanti, M.; Fiorina, C.; Adamo, M.; Angelillis, M.; De Carlo, M.; Bellini, B.; Montorfano, M.;
Mangieri, A.; et al. Impact of balloon post-dilation on valve durability and long-term clinical outcomes after self-expanding
transcatheter aortic valve implantation. Catheter. Cardiovasc. Interv. 2024, 103, 209-218. [CrossRef] [PubMed]

Nara, Y.; Watanabe, Y.; Kataoka, A.; Nakashima, M.; Hioki, H.; Kawashima, H.; Nagura, F.; Kozuma, K.; Yashima, F,; Shirai, S.;
et al. Balloon Post-Dilatation Improves Long-Term Valve Performance After Balloon-Expandable Valve Implantation. Cardiovasc.
Revascularization Med. 2022, 37, 15-22. [CrossRef] [PubMed]

Petronio, A.S.; Sinning, ].M.; Van Mieghem, N.; Zucchelli, G.; Nickenig, G.; Bekeredjian, R.; Bosmans, J.; Bedogni, F.; Branny,
M.; Stangl, K.; et al. Optimal implantation depth and adherence to guidelines on permanent pacing to improve the results
of transcatheter aortic valve replacement with the Medtronic CoreValve system: The CoreValve prospective, international,
post-market ADVANCE-II study. JACC Cardiovasc. Interv. 2015, 8, 837-846. [CrossRef] [PubMed]

Aktug, O.; Dohmen, G.; Brehmer, K.; Koos, R.; Altiok, E.; Deserno, V.; Herpertz, R.; Autschbach, R.; Marx, N.; Hoffmann, R.
Incidence and predictors of left bundle branch block after transcatheter aortic valve implantation. Int. J. Cardiol. 2012, 160, 26-30.
[CrossRef] [PubMed]

Breitbart, P.; Minners, J.; Hein, M.; Schrofel, H.; Neumann, F-].; Ruile, P. Implantation depth and its influence on complications
after TAVI with self-expanding valves. Int. |. Cardiovasc. Imaging 2021, 37, 3081-3092. [CrossRef] [PubMed]

Wienemann, H.; Maier, O.; Beyer, M.; Portratz, M.; Tanaka, T.; Mauri, V.; Ernst, A.; Waldschmidt, L.; Kuhn, E.; Bleiziffer, S.; et al.
Cusp overlap versus standard three-cusp technique for self-expanding Evolut transcatheter aortic valves. Eurolntervention 2023,
19, e176—187. [CrossRef] [PubMed]

Mack, M.].; Leon, M.B.; Smith, C.R.; Miller, D.C.; Moses, ].W.; Tuzcu, E.M.; Webb, ].G.; Douglas, P.S.; Anderson, W.N.; Blackstone,
E.H.; et al. 5-year outcomes of transcatheter aortic valve replacement or surgical aortic valve replacement for high surgical risk
patients with aortic stenosis (PARTNER 1): A randomised controlled trial. Lancet 2015, 385, 2477-2484. [CrossRef] [PubMed]
Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BM]J 2021, 372, n71.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm15103573


https://doi.org/10.3390/jcm11030560
https://www.ncbi.nlm.nih.gov/pubmed/35160012
https://doi.org/10.1002/ccd.30907
https://www.ncbi.nlm.nih.gov/pubmed/37957842
https://doi.org/10.1016/j.carrev.2021.06.008
https://www.ncbi.nlm.nih.gov/pubmed/34175251
https://doi.org/10.1016/j.jcin.2015.02.005
https://www.ncbi.nlm.nih.gov/pubmed/25999108
https://doi.org/10.1016/j.ijcard.2011.03.004
https://www.ncbi.nlm.nih.gov/pubmed/21458085
https://doi.org/10.1007/s10554-021-02275-3
https://www.ncbi.nlm.nih.gov/pubmed/33988801
https://doi.org/10.4244/EIJ-D-22-01030
https://www.ncbi.nlm.nih.gov/pubmed/37013922
https://doi.org/10.1016/S0140-6736(15)60308-7
https://www.ncbi.nlm.nih.gov/pubmed/25788234
https://doi.org/10.1136/bmj.n71
https://doi.org/10.3390/jcm15103573

	Introduction 
	Materials and Methods 
	Data Sources and Search Strategy 
	Selection Criteria and Quality Assessment 
	Endpoint Selection 
	Statistical Analysis 

	Results 
	Study Selection and Bias 
	Patient Characteristics 
	Outcomes 
	Procedural Outcomes and Complications 
	Functional Outcomes 
	Clinical Outcomes 

	Sensitivity Analysis and Heterogeneity 

	Discussion 
	Conclusions 
	References

