New Technologies
for the Treatment
of Coronary

and Structural
Heart Diseases

Printed Edition of the Special Issue Published in
Journal of Clinical Medicine



New Technologies for the Treatment
of Coronary and Structural Heart
Diseases






New Technologies for the Treatment
of Coronary and Structural Heart
Diseases

Editor

Alberto Polimeni

MDPI e Basel o Beijing ¢ Wuhan e Barcelona e Belgrade e Manchester e Tokyo e Cluj e Tianjin

ml\DPI

F



Editor

Alberto Polimeni

Magna Graecia University
of Catanzaro

Ttaly

Editorial Office

MDPI

St. Alban-Anlage 66
4052 Basel, Switzerland

This is a reprint of articles from the Special Issue published online in the open access journal
Journal of Clinical Medicine (ISSN 2077-0383) (available at: https://www.mdpi.com/journal/jem/
special_issues/coronary_structural_heart).

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

LastName, A.A.; LastName, B.B.; LastName, C.C. Article Title. Journal Name Year, Article Number,
Page Range.

ISBN 978-3-03943-559-3 (Hbk)
ISBN 978-3-03943-560-9 (PDF)

(© 2020 by the authors. Articles in this book are Open Access and distributed under the Creative
Commons Attribution (CC BY) license, which allows users to download, copy and build upon
published articles, as long as the author and publisher are properly credited, which ensures maximum
dissemination and a wider impact of our publications.

The book as a whole is distributed by MDPI under the terms and conditions of the Creative Commons
license CC BY-NC-ND.




Contents

Aboutthe Editor . . . . ... ... .. ... ... ix
Preface to “"New Technologies for the Treatment of Coronary and Structural Heart Diseases” . xi

Alberto Polimeni, Sabato Sorrentino, Salvatore De Rosa, Carmen Spaccarotella,

Annalisa Mongiardo, Jolanda Sabatino and Ciro Indolfi

Transcatheter Versus Surgical Aortic Valve Replacement in Low-Risk Patients for the Treatment

of Severe Aortic Stenosis

Reprinted from: J. Clin. Med. 2020, 9, 439, d0i:10.3390/jcm9020439 . . . . .. ... ..... .. .. 1

Mirostaw Gozdek, Kamil Zielifiski, Michat Pasierski, Matteo Matteucci, Dario Fina,

Federica Jiritano, Paolo Meani, Giuseppe Maria Raffa, Pietro Giorgio Malvindi,

Michele Pilato, Domenico Paparella, Artur Stomka, Jacek Kubica, Dariusz Jagielak,

Roberto Lorusso, Piotr Suwalski and Mariusz Kowalewski

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

Reprinted from: J. Clin. Med. 2020, 9, 397, d0i:10.3390/jcm9020397 . . . . . . .. .. ..... ... 13

Martin Geyer, Johannes Wild, Marc Hirschmann, Zisis Dimitriadis, Thomas Miinzel,
Tommaso Gori and Philip Wenzel

Predictors for Target Vessel Failure after Recanalization of Chronic Total Occlusions in Patients
Undergoing Surveillance Coronary Angiography

Reprinted from: J. Clin. Med. 2020, 9,178, d0i:10.3390/jcm9010178 . . . . .. ... ... ... .. 41

Emilija Miskinyte, Paulius Bucius, Jennifer Erley, Seyedeh Mahsa Zamani, Radu Tanacli,
Christian Stehning, Christopher Schneeweis, Tomas Lapinskas, Burkert Pieske,

Volkmar Falk, Rolf Gebker, Gianni Pedrizzetti, Natalia Solowjowa and Sebastian Kelle
Assessment of Global Longitudinal and Circumferential Strain Using Computed Tomography
Feature Tracking: Intra-Individual Comparison with CMR Feature Tracking and Myocardial
Tagging in Patients with Severe Aortic Stenosis

Reprinted from: . Clin. Med. 2019, 8, 1423, d0i:10.3390/jcm8091423 . . . . . .. ... ... .. .. 53

Tak-Wah Wong, Chung-Dann Kan, Wen-Tai Chiu, Kin Lam Fok, Ye Chun Ruan,

Xiaohua Jiang, Junjiang Chen, Chiu-Ching Kao, I-Yu Chen, Hui-Chun Lin,

Chia-Hsuan Chou, Chou-Wen Lin, Chun-Keung Yu, Stephanie Tsao, Yi-Ping Lee,

Hsiao Chang Chan and Jieh-Neng Wang

Progenitor Cells Derived from Drain Waste Product of Open-Heart Surgery in Children

Reprinted from: J. Clin. Med. 2019, 8, 1028, doi:10.3390/jem8071028 . . . . . ... ... ... ... 65

Tommaso Gori, Stephan Achenbach, Thomas Riemer, Julinda Mehilli, Holger M. Nef,
Christoph Naber, Gert Richardt, Jochen Wohrle, Ralf Zahn, Till Neumann, Johannes Kastner,

Axel Schmermund, Christian Hamm and Thomas Miinzel

Hybrid Coronary Percutaneous Treatment with Metallic Stents and Everolimus-Eluting
Bioresorbable Vascular Scaffolds: 2-Years Results from the GABI-R Registry

Reprinted from: J. Clin. Med. 2019, 8, 767, d0i:10.3390/jcm8060767 . . . . . . ... .. ... .. .. 87



Niklas F. Boeder, Melissa Weissner, Florian Blachutzik, Helen Ullrich, Remzi Anadol,
Monique Trobs, Thomas Miinzel, Christian W. Hamm, Jouke Dijkstra, Stephan Achenbach,
Holger M. Nef and Tommaso Gori

Incidental Finding of Strut Malapposition Is a Predictor of Late and Very Late Thrombosis in
Coronary Bioresorbable Scaffolds

Reprinted from: J. Clin. Med. 2019, 8, 580, d0i:10.3390/jem8050580 . . . . . . ... ... ... ...

Chieh-Jen Wu, Hsin-Hung Chen, Pei-Wen Cheng, Wen-Hsien Lu, Ching-Jiunn Tseng and
Chi-Cheng Lai

Outcome of Robot-Assisted Bilateral Internal Mammary Artery Grafting via Left Pleura in
Coronary Bypass Surgery

Reprinted from: . Clin. Med. 2019, 8,502, d0i:10.3390/jcm8040502 . . . . . . .. ... .. .. ...

Dan Mircea Olinic, Mihail Spinu, Calin Homorodean, Mihai Claudiu Ober and Maria Olinic
Real-Life Benefit of OCT Imaging for Optimizing PCI Indications, Strategy, and Results
Reprinted from: J. Clin. Med. 2019, 8, 437, d0i:10.3390/jecm8040437 . . . . . . ... ... ... ...

Lucia Agoston-Coldea, Kunal Bheecarry, Carmen Cionca, Cristian Petra, Lelia Strimbu,
Camelia Ober, Silvia Lupu, Daniela Fodor and Teodora Mocan

Incremental Predictive Value of Longitudinal Axis Strain and Late Gadolinium Enhancement
Using Standard CMR Imaging in Patients with Aortic Stenosis

Reprinted from: J. Clin. Med. 2019, 8, 165, d0i:10.3390/jcm8020165 . . . . . . .. ... ... .. ..

Ryoi Okano, Yi-Jia Liou, Hsi-Yu Yu, I-Hui Wu, Nai-Kuan Chou, Yih-Sharng Chen and
Nai-Hsin Chi

Coronary Artery Bypass in Young Patients—On or Off-Pump?

Reprinted from: J. Clin. Med. 2019, 8,128, d0i:10.3390/jcm8020128 . . . . . . .. ... .. ... ..

Mateusz P. Jezewski, Michal J. Kubisa, Ceren Eyileten, Salvatore De Rosa, Giinter Christ,
Maciej Lesiak, Ciro Indolfi, Aurel Toma, Jolanta M. Siller-Matula and Marek Postuta
Bioresorbable Vascular Scaffolds—Dead End or Still a Rough Diamond?

Reprinted from: . Clin. Med. 2019, 8, 2167, d0i:10.3390/jcm8122167 . . . . . .. ... .. ... ..

Alessandro Caracciolo, Paolo Mazzone, Giulia Laterra, Victoria Garcia-Ruiz,

Alberto Polimeni, Salvatore Galasso, Francesco Saporito, Scipione Carerj,

Fabrizio D’Ascenzo, Guillaume Marquis-Gravel, Gennaro Giustino and Francesco Costa
Antithrombotic Therapy for Percutaneous Cardiovascular Interventions: From Coronary
Artery Disease to Structural Heart Interventions

Reprinted from: . Clin. Med. 2019, 8, 2016, d0i:10.3390/jcm8112016 . . . . . .. ... ... .. ..

Renato Francesco Maria Scalise, Armando Mariano Salito, Alberto Polimeni,

Victoria Garcia-Ruiz, Vittorio Virga, Pierpaolo Frigione, Giuseppe Andbo,

Carlo Tumscitz and Francesco Costa

Radial Artery Access for Percutaneous Cardiovascular Interventions: Contemporary Insights
and Novel Approaches

Reprinted from: J. Clin. Med. 2019, 8, 1727, doi:10.3390/jem8101727 . . . . . ... ... ... ...

Grzegorz M. Kubiak, Agnieszka Ciarka, Monika Biniecka and Piotr Ceranowicz
Right Heart Catheterization—Background, Physiological Basics, and Clinical Implications
Reprinted from: J. Clin. Med. 2019, 8, 1331, doi:10.3390/jcm8091331 . . . . . ... ... ... ...

vi



Rabea Asleh and Jon R. Resar

Utilization of Percutaneous Mechanical Circulatory Support Devices in Cardiogenic

Shock Complicating Acute Myocardial Infarction and High-Risk Percutaneous

Coronary Interventions

Reprinted from: J. Clin. Med. 2019, 8, 1209, doi:10.3390/jcm8081209 . . . . . ... ... ... ... 255

Isabella C. Schoepf, Ronny R. Buechel, Helen Kovari, Dima A. Hammoud and Philip E. Tarr
Subclinical Atherosclerosis Imaging in People Living with HIV
Reprinted from: J. Clin. Med. 2019, 8, 1125, d0i:10.3390/jcm8081125 . . . . . .. ... ... .. .. 289

Matteo Pirro, Luis E. Simental-Mendia, Vanessa Bianconi, Gerald F. Watts, Maciej Banach

and Amirhossein Sahebkar

Effect of Statin Therapy on Arterial Wall Inflammation Based on 18F-FDG PET/CT:

A Systematic Review and Meta-Analysis of Interventional Studies

Reprinted from: . Clin. Med. 2019, 8,118, d0i:10.3390/jcm8010118 . . . . . . .. .. ... .. ... 311

Ramez Morcos, Haider Al Taii, Priya Bansal, Joel Casale, Rupesh Manam, Vikram Patel,
Anthony Cioci, Michael Kucharik, Arjun Malhotra and Brijeshwar Maini

Accuracy of Commonly-Used Imaging Modalities in Assessing Left Atrial Appendage for
Interventional Closure: Review Article

Reprinted from: J. Clin. Med. 2018, 7, 441, doi:10.3390/jem7110441 . . . . . . ... ... ... ... 325






About the Editor

Alberto Polimeni (MD, PhD) is an Interventional Cardiologist. Currently, he works at Magna
Graecia University of Catanzaroas Postdoctoral Fellow in Cardiology. He has authored many
research articles in the cardiovascular field and was awarded the “Young Researcher Award” in 2010
and 2013 by the Italian Society of Cardiology. In 2016, his project on the percutaneous treatment of
mitral valve regurgitation was granted by the European Association of Percutaneous Cardiovascular
Interventions (EAPCI). He has been serving as Chair of the Italian Cardiologists of Tomorrow since

2019 and was elected in the ESC Board Committee for Young Cardiovascular Professionals in 2020.






Preface to "New Technologies for the Treatment of
Coronary and Structural Heart Diseases”

There has been significant progress in the field of interventional cardiology, from the
development of newer devices to newer applications of technology, resulting in improved
cardiovascular outcomes. The goal of this Special Issue is to update practicing clinicians and provide
a comprehensive collection of original articles, reviews, and editorials.

To this end, we invited state-of-the-art reviews, including reviews of new technology and
therapeutics, as well as original research in this area to be considered for inclusion in this issue.
Examples include the history and evolution of interventional techniques, reviews of specific devices
and technologies for coronary artery disease (i.e., stent technology, atherectomy devices, coronary
physiology, intracoronary imaging, and robotics), structural heart diseases (i.e., ASD: atrial septal
defect; LAAC: left atrial appendage closure; MC: MitraClip; PFO: patent foramen ovale; TAVI:
transcatheter aortic valve implantation), advances in the management of challenging coronary
anatomy, new biomarkers of cardiovascular disease (noncoding RNAs, etc.), and interventional
techniques in the management of heart failure, peripheral arterial diseases, and pulmonary embolism.

This Special Issue presents the most recent advances in the field of coronary and structural heart
diseases as well as their implications for future patient care.

Alberto Polimeni
Editor
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Abstract: Recently, two randomized trials, the PARTNER 3 and the Evolut Low Risk Trial,
independently demonstrated that transcatheter aortic valve replacement (TAVR) is non-inferior
to surgical aortic valve replacement (SAVR) for the treatment of severe aortic stenosis in patients
at low surgical risk, paving the way to a progressive extension of clinical indications to TAVR. We
designed a meta-analysis to compare TAVR versus SAVR in patients with severe aortic stenosis at
low surgical risk. The study protocol was registered in PROSPERO (CRD42019131125). Randomized
studies comparing one-year outcomes of TAVR or SAVR were searched for within Medline, Scholar
and Scopus electronic databases. A total of three randomized studies were selected, including nearly
3000 patients. After one year, the risk of cardiovascular death was significantly lower with TAVR
compared to SAVR (Risk Ratio (RR) = 0.56; 95% CI 0.33-0.95; p = 0.03). Conversely, no differences were
observed between the groups for one-year all-cause mortality (RR = 0.67; 95% CI 0.42-1.07; p = 0.10).
Among the secondary endpoints, patients undergoing TAVR have lower risk of new-onset of atrial
fibrillation compared to SAVR (RR = 0.26; 95% CI 0.17-0.39; p < 0.00001), major bleeding (RR = 0.30;
95% CI 0.14-0.65; p < 0.002) and acute kidney injury stage II or III (RR = 0.28; 95% CI 0.14-0.58;
p = 0.0005). Conversely, TAVR was associated to a higher risk of aortic regurgitation (RR = 3.96; 95%
CI1.31-11.99; p = 0.01) and permanent pacemaker implantation (RR = 3.47; 95% CI 1.33-9.07; p = 0.01)
compared to SAVR. No differences were observed between the groups in the risks of stroke (RR= 0.71;
95% CI 0.41-1.25; p = 0.24), transient ischemic attack (TIA; RR = 0.98; 95% CI 0.53-1.83; p = 0.96), and
MI (RR = 0.75; 95% CI 0.43-1.29; p = 0.29). In conclusion, the present meta-analysis, including three
randomized studies and nearly 3000 patients with severe aortic stenosis at low surgical risk, shows
that TAVR is associated with lower CV death compared to SAVR at one-year follow-up. Nevertheless,
paravalvular aortic regurgitation and pacemaker implantation still represent two weak spots that
should be solved.

Keywords: TAVR; TAVI; low risk; STS; aortic stenosis; SAVR

1. Introduction

Transcatheter aortic valve replacement (TAVR) has been established as a standard of care for
patients with severe aortic stenosis (AS) deemed at prohibitive or high surgical risk [1]. Of note, over
the last years, its use has progressively increased, along with continuous improvements of devices
and implantation techniques, to encompass patients at lower surgical risk [2,3]. Indeed, both the

J. Clin. Med. 2020, 9, 439; d0i:10.3390/jcm9020439 1 www.mdpi.com/journal/jem
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balloon-expandable as well as self-expandable devices were non-inferior to the surgical aortic valve
replacement (SAVR) for short- and long-term outcomes in intermediate-risk patients [4] and are
becoming a feasible alternative in appropriately selected low-risk patients. However, since SAVR has
shown a low rate of mortality and stroke in these relatively young and healthy patients [5], some have
hypothesized that the benefit of using TAVR may be futile over SAVR. Moreover, peri-procedural TAVR
outcomes such as vascular access complications, conduction disturbances, bleeding and post-procedural
paravalvular leak (PVL) after TAVR need further investigations in this large portion of patients [6].
Very recently, two randomized trials, the Safety and Effectiveness of the SAPIEN 3 Transcatheter Heart
Valve in Low Risk Patients With Aortic Stenosis (PARTNER 3) trial [7], using the balloon-expandable
valve, and the Evolut Low Risk Trial [8], using a self-expandable nitinol-frame valve, independently
demonstrate that TAVR is non-inferior to SAVR in patients at low surgical risk. However, the
non-inferiority design of these trials may be underpowered to detect statistical differences in hard
clinical endpoints, as most were powered only for composite endpoints. Given this context, we
have undertaken a systematic review and meta-analysis of the available evidence on TAVR to better
characterize the safety and efficacy of the currently FDA-approved transfemoral TAVR in comparison
with SAVR in patients with symptomatic aortic valve stenosis and at low operatory risk.

2. Methods

2.1. Search Strategy and Study Selection

Published randomized trials comparing transcatheter to surgical aortic valve replacement were
searched for within Medline, Scholar and Scopus electronic databases up to March 19th, 2019.
The following syntax was used for the search: “transcatheter aortic valve replacement” OR “TAVR”
OR “TAVI” AND “surgical aortic valve replacement” OR “SAVR” OR “SAVI” AND “low risk”. Time
of publication and language were not limiting criteria for our analysis. All reports including the
search terms were independently screened by two investigators for relevance and eligibility (A.P,
S.S.). Additionally, references from relevant articles were also scanned for eligible studies. The authors
discussed their evaluation and any disagreement was resolved through discussion and re-reading.
All selected trials were thoroughly checked and classified by the author’s institution in order to avoid
any effect from duplicity of data. The study protocol was registered in PROSPERO (CRD42019131125).

Studies were considered eligible if the following statements applied: (a) randomized clinical trials;
(b) they involved a study population with aortic stenosis; (c) they compared TAVR versus SAVR; (d) they
included mostly transfemoral TAVR (>95%); (e) they included patients at low risk (Society of Thoracic
Surgeons (STS) score: <4); (f) follow-up length of 1 year; (g) they reported the following outcome data
(all-cause mortality, cardiovascular death, myocardial infarction, stroke, transient ischemic attack, aortic
regurgitation, new-onset atrial fibrillation, permanent pacemaker implantation, major and minor bleedings).
Exclusion criteria were (just one was sufficient for study exclusion): duplicate publication, observational data.

2.2. Data Abstraction, Validity Assessment and Analysis

Baseline characteristics, as well as numbers of events, were extracted from the single studies,
through careful scanning of the full article by two independent reviewers (AP, S.S.). Divergences were
resolved by consensus. In particular, the following data were abstracted: year of publication, location,
number of study patients, study design, clinical outcome data (all-cause mortality, cardiovascular
death, myocardial infarction, stroke, transient ischemic attack, aortic regurgitation, new-onset atrial
fibrillation, permanent pacemaker implantation, major and minor bleedings) and baseline patients’
characteristics. Selection and data abstraction were performed according to the PRISMA statement [9].
The primary endpoint of this analysis was cardiovascular death. Further outcomes were: all-cause
mortality, myocardial infarction (MI), stroke, transient ischemic attack (TIA), aortic regurgitation,
new-onset atrial fibrillation, permanent pacemaker implantation, life-threatening or disabling bleeding
and acute kidney disease (AKI) stage II or IIl. The quality of randomized trials included in the
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meta-analysis was appraised by using Cochrane methods (selection bias, performance bias, detection
bias, attrition bias, reporting bias and other bias) as previously described [10].

2.3. Statistical Analysis

The summary measure used was the Risk Ratio (RR) with 95% confidence. The random-effects
model was used, as previously described, to combine the collected values [11,12]. This model calculates
a weighted average of the relative risks by incorporating within-study and between-study variations.
Heterogeneity was assessed by means of the Cochrane Q test using a chi-squared function, with p < 0.10
considered significant for heterogeneity, as previously described [13]. Additionally, I> values were
calculated for the estimation of variation in weighted mean differences among studies attributable to
heterogeneity. Power calculation of the meta-analysis was performed as described by Valentine et al. [14].
Small study effects were evaluated through graphical inspection of funnel plots, as already previously
described [15]. Forest plots were used to graphically display the results of the meta-analysis, as already
previously described [16]. Briefly, the measure of effect (RR) for every single study included (represented
by a square) is plotted, together with confidence intervals, represented by horizontal lines. The area of
each square is proportional to the study’s weight in the meta-analysis. The overall measure of effect is
reported on the bottom line of the plot as a diamond, whose lateral ends indicate the confidence interval
for the summary effect. Analyses were performed by means of RevMan 5.3.

3. Results

3.1. Search Results

Our search retrieved a total of 2660 entries, which were reduced to 2145 studies after an initial
pre-screening. A total of 110 studies were then excluded for one of the following reasons: (a) they were
not related to our research question; (b) they were not original articles. In the assessment of eligibility, a
further seven studies were excluded. Finally, a total of three studies were included [7,8,17]. The study
selection procedure was reported in detail in Figure 1.

= Medline Scholar Scopus
o (n=81) (n=2140) (n=439)
g
- ! ! !
=
E
&
o Records after duplicates removed
(n=2145)
l
28 Records after abstracts screening
5 (n=120)
v
— v
g R d d 110 records excluded:
= ecoras screene * not related to the research guestion
= (n=120) = . nooriginal article
o
(5]
- |
7 records excluded:
* not randomized trial
Assessement of 3| * Short follow-up
ﬁ eligibility (n=10) * Duplicate publication with different
= follow-up
@
(U]
= N
w
3 eligible records

Figure 1. Study selection flow chart.
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3.2. Study Characteristics

The main characteristics of the selected studies were reported in Table 1. Quality assessment
revealed a high study quality (Supplementary Figure S1). The specific study designs made both
patients” and investigators’ blinding impossible. Endpoint assessment and data analysis was blinded
in all included studies. A total of 2629 patients were included of which 1363 patients were randomized
to TAVR and 1266 to SAVR.

Baseline clinical and procedural characteristics across the trials are reported in Table 2. Across the
studies, patients were predominantly male, one-fourth of patients had diabetes mellitus and less than
1% had creatinine level >2 mg/dL at presentation. The mean STS score was less than 3% across all
the trials. In the TAVR arm, the most frequently implanted valve was a self-expandable valve which
included Corevalve, Evolute R and Evolute PRO (Medtronic), whereas the remaining patients (1 = 496)
were treated with a balloon-expandable valve, Sapien 3 (Edwards).

3.3. Study Outcomes

After one year, the risk of cardiovascular death was significantly lower with TAVR compared to
SAVR (Risk Ratio (RR) = 0.56; 95% CI 0.33-0.95; p = 0.03; 12 = 0%; Figure 2A). Similarly, a trend risk
reduction for one-year all-cause mortality was also observed in favor of TAVR (RR = 0.67; 95% CI
0.42-1.07; p = 0.10; 2 = 0%; Figure 2B). The effect was consistent also in fixed effect and no evidence of
publication bias was found for this endpoint. Among the secondary endpoint, patients undergoing
TAVR have a lower risk of new-onset of atrial fibrillation compared to SAVR (RR = 0.26; 95% CI
0.17-0.39; p < 0.00001; 12 = 75%; Figure 2C), major bleeding (RR = 0.30; 95% CI 0.14-0.65; p < 0.002;
I = 84%; Figure 2D) and AKI stage II or III (RR = 0.28; 95% CI 0.14-0.58; p = 0.0005; 12 = 0%; Figure 2E).

Conversely, TAVR was associated to a higher risk of aortic regurgitation (RR = 3.96; 95% CI
1.31-11.99; p = 0.01; 2 = 41%; Figure 3A) and permanent pacemaker implantation (RR = 3.47; 95% CI
1.33-9.07; p = 0.01; I? = 89%; Figure 3B) compared to SAVR. No differences were observed between
the groups in the risks of stroke (RR = 0.71; 95% CI 0.41-1.25; p = 0.24; 12 = 29%; Figure 3C), TIA (RR
=0.98; 95% CI 0.53-1.83; p = 096; 2 = 0%; Figure 3D) and MI (RR = 0.75; 95% CI 0.43-1.29; p = 0.29;
Figure 3E). The effect was consistent also in fixed effect and no evidence of publication bias was found
for this endpoint for all the secondary outcomes.



J. Clin. Med. 2020, 9, 439

*su0981Ng dRIOY], JO AJ91D0G = GI§ “UOHE[LIqY [PLE = JV ‘UOTOIRJUT [RTPIRIOAW = [INl ‘STeaA = SIX

61 6’1 6’1 6’1 e 6C % ‘9108 SIS
881 L6l Syl yal 9'qc 8'4C % dV 1011

8'G L9 6% 99 ¥y ga % ‘“TIN 1011

re e 811 ot €91 991 % ‘@0TG I011]

9 s 8L S1 6’11 L11 % ‘dSeasIp Suny druoIyD
(4 [4% S0 ¥'ie £0¢ 641 % ‘sd1RqeI(q

€L 69 €8 WA 29 182 94, “9SeasIp Te[nosea [erdydrisJ
0 0 10 70 L0 ¥l % “Tp/3w g < durunear)
'L §'29 99 ¥9 9¢s 8'¢S % ‘SN
9'¢L €¢€L 9'¢sL |74 6L 6L sif a3y

ysy 96¥ 829 147 gel g u ‘spuanyed jo N

AAVS AAVL AAVS AAVL AAVS AAVL
610C 610C S10T
€ JANLIAVI LIT14 NOILON

*SOTISLIdJORIRYD S JUdlieJ T d[qelL

‘Juowrade[dar dAeA D130 [DISINS = YAYS Juawede[dar dATeA D1JIOR I9)ajedSuR) = YAV.L ‘S[ELI) [EDIUI]D paZIuopuer = [y :SUOHRIAJIG]Y

. (sprempy) - uonjezireirdsoyar 1o ‘oxons [N,
1 YAVS SAYAVL ¢ uerdeg A ‘asned Aure woxy yeap 12d 056 TULOTMIA 610C € YINIIVI
(Sruonpa)
. Odd mpoag axoxs Surqesip
1 UAVS SAYAVL 10 4] IjoAT S9A 10 a8TIED AU WO yea] 1od €ovl 1RO 610C TATH
‘QATRADIOD)
. (oruonpap) R
1 YAVS SAYAVL OATeARIOD) S9X [eIpIEOOAU 10 ‘D0nS 10¥ 08¢ IR0 S10C NOILON
‘asned Aue woiy yjea(]
(s1eax) pajyoday uSrsa(q
uoneZIopuUE adAJ aare urodpuyg Areurrr, uoTedo Ied, Apn
dn-moriog [jeziwopuey L SATEA Apeitow jurodpuy Id Apmsg N eso] A pPms

*S[eLI} PAZIWOPURI PIPN[OUT JO SUOTIUrap jutodpus pue sonsiIajoerey)) [ d[qeL



J. Clin. Med. 2020, 9, 439

Cardiovascular Death
TAVR Risk Ratio Risk Ratio
Study or Subgroup _Events Total E\.enu Tela! Weight M-H, Random, 5% CI M-H, Random, 95% CI
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Figure 2. Meta-analysis of cardiovascular death, all-cause mortality, new-onset atrial fibrillation,
life-threating bleeding, acute kidney injury II or III stage. (A) Forest plot and summary effect of the
difference in the incidence of cardiovascular death, showing a significantly lower incidence in the TAVR
arm (p = 0.03). (B) Forest plot and summary effect of the difference in the incidence of all-cause mortality
showing no difference between transcatheter aortic valve replacement (TAVR) and surgical aortic valve
replacement (SAVR; p = 0.10). (C) Forest plot and summary effect of the difference in the incidence
of new-onset atrial fibrillation, showing a significantly lower incidence in the TAVR arm (p < 0.001).
(D) Forest plot and summary effect of the difference in the incidence of life-threating bleeding, showing
a significantly lower incidence in the TAVR arm (p < 0.002). (E) Forest plot and summary effect of the
difference in the incidence of acute kidney injury II or III stage, showing a significantly lower incidence
in the TAVR arm (p < 0.0005).
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Figure 3. Meta-analysis of aortic regurgitation, permanent PM implantation, stroke, transient ischemic
attack (TIA) and myocardial infarction. (A) Forest plot and summary effect of the difference in the
incidence of aortic regurgitation, showing a significantly lower incidence in the SAVR arm (p = 0.01).
(B) Forest plot and summary effect of the difference in the incidence of permanent PM implantation,

showing a significantly lower incidence in the SAVR arm (p = 0.01). (C) Forest plot and summary
effect of the difference in the incidence of stroke, showing no difference between TAVR and SAVR
(p = 0.24). (D) Forest plot and summary effect of the difference in the incidence of TIA, showing no
difference between TAVR and SAVR (p = 0.96). (E) Forest plot and summary effect of the difference in
the incidence of myocardial infarction, showing no difference between TAVR and SAVR (p = 0.29).
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4. Discussion

We performed a meta-analysis with only randomized studies comparing a one-year outcome after
treatment of severe aortic stenosis with TAVR or SAVR in patients at low surgical risk.

Recently, several meta-analyses showed promising results of TAVR [18-20]. However, there are
some differences with our meta-analysis. Kheiri et al. performed a meta-analysis of patients at low
risk, but including transapical TAVR [21] and a post-hoc analysis of the SURTAVI trial [22]. Similarly,
Kolte and colleagues also included in their work the post-hoc analysis of the SURTAVI trial finding a
significant difference in the rate of all-cause death [20]. Conversely, we found only a nonsignificant
difference in such hard clinical end-points. A recently updated meta-analysis [18] of RCTs including
all surgical risk categories had reported a reduction in all-cause mortality up to two years of TAVR
irrespective of baseline surgical risk. However, in the subgroup at low surgical risk, they had reported
only all-cause mortality outcomes with a dishomogenous follow-up. Hence, different TAVR access
approaches were performed in most of the studies. In our meta-analysis, we included only studies
with >95% of transfemoral access-site since current data and expertise strongly favor the femoral artery
as the preferred and most widespread access route for TAVR.

In the present meta-analysis, including three randomized studies and nearly 3000 patients, we
found a superiority of TAVR against SAVR for cardiovascular death (primary endpoint) at the one-year
follow-up (Figure 2A). Interestingly, results on this hard clinical endpoint were strongly homogeneous
across individual studies and could be explained by several factors. Patients undergoing TAVR had less:
acute kidney injury (Figure 2E); new-onset atrial fibrillation (Figure 2C); major bleedings (Figure 2D).
These factors could have a strong impact on mortality, also in the long-term.

The second key finding of our meta-analysis is a significant reduction in the risk of AKI in patients
undergoing TAVI compared with SAVR. Several studies have shown that AKI is a serious complication
after both TAVR and SAVR. Adams and colleagues reported a lower incidence with TAVR compared to
SAVR (6.0% vs. 15.1%; p < 0.001) [23]. Similarly, Bagur et al. showed that 9% suffered from AKI after
TAVR, whereas SAVR was associated with an incidence of AKI in 26% [24]. These results could be of
impact, in fact, AKI was associated with an increased risk of 30-day and long-term (up to seven years)
mortality (42.3% versus 22.7% for seven-year mortality; HR 1.71 (95% CI 1.30-2.25)) [25].

The third key finding of our meta-analysis is a significant reduction in the risk of new-onset atrial
fibrillation (NOAF) in patients undergoing TAVI compared with SAVR. New-onset atrial fibrillation
(NOAF) has emerged in the last few years as a potential prognostic factor in patients undergoing
TAVR [12]. NOAF after TAVR could be detrimental due to atrio-ventricular dyssynchrony resulting
in reduced cardiac output and increased filling pressures. In addition, NOAF could be responsible
for fatal cerebrovascular events. Recently, Gargiulo et al. performed a meta-analysis of eight studies
encompassing 4959 patients to investigate the role of NOAF as a potential prognostic factor in patients
undergoing TAVR. Interestingly, they found a borderline increase of 30-day and a significant increase
in one-year all-cause death in the NOAF group compared with those in sinus rhythm [26].

The fourth key finding of our meta-analysis is a significant reduction in the risk of NOAF in
patients undergoing TAVI compared with SAVR. The impact of bleeding on hard clinical endpoints in
patients undergoing TAVR was already discussed by Piccolo et al. [27]. Among patients with severe
aortic stenosis undergoing TAVR, both access-site and non-access-site bleeding were independently
associated with an increased risk for mortality.

Finally, all these three factors (bleedings, AKI, NOAF) for the reasons mentioned above, could
explain, at least in part, the superiority of TAVR against SAVR for cardiovascular death, also in a
population at low surgical risk at one-year follow-up.

Cerebral embolization is a common complication leading to stroke after TAVR and SAVR [28].
In this meta-analysis, we found no difference in stroke and TIA rates between the groups. These results
are in line with the results of single studies [7,8,17].
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However, some concerns should be raised, and some limitations should be mentioned about TAVR:
(1) paravalvular aortic regurgitation; (2) major incidence of pacemaker implantation; (3) durability at
longer follow-up.

Paravalvular aortic regurgitation and the need for permanent pacemaker implantation have
historically been the limit of TAVR compared with SAVR. Nevertheless, advances in TAVR technology,
along with operator experience, precise valve sizing and implantation technique, may further reduce
the associated pacemaker implantations and paravalvular aortic regurgitation risks. However, in
a recent real-world study of TAVR among lower surgical risk patients, promising rates of 30-day
moderate-to-severe paravalvular leak (0.5%) and permanent pacemaker implantation (6.5%) were
reported [29].

Finally, the question of durability has been an Achilles heel of TAVR. Some recent data seem to
suggest similar longevity between transcatheter and surgical tissue valves out to five to seven years. A
post-hoc analysis wherein investigators looked for valve dysfunction and failure in the NOTION trial
showed that bioprosthetic valve dysfunction was numerically lower in TAVR group over five years
(55.4% versus 65.2%, p = 0.10) [30] compared to SAVR. However, to date, it is not clear if that is good
enough to get TAVR into younger patients.

5. Limitations

As for any meta-analysis, some limitations should be acknowledged that are related to: (1) different
definitions in the studies for different endpoints; (2) differences in the baseline characteristics between
the studies; (3) not all the outcomes are reported in the studies; (4) short-term follow-up.

6. Conclusions

The present meta-analysis, including three randomized studies and nearly 3000 patients with
severe aortic stenosis at low surgical risk, shows that TAVR is associated with lower CV death
compared to SAVR at 1-year follow-up. Nevertheless, paravalvular aortic regurgitation and pacemaker
implantation still represent two weak spots that should be solved.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/2/439/s1,
Figure S1: Quality assessment.
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Abstract: Frequent occurrence of paravalvular leak (PVL) after transcatheter aortic valve replacement
(TAVR) was the main concern with earlier-generation devices. Current meta-analysis compared
outcomes of TAVR with next-generation devices: ACURATE neo and SAPIEN 3. In random-effects
meta-analysis, the pooled incidence rates of procedural, clinical and functional outcomes according
to VARC-2 definitions were assessed. One randomized controlled trial and five observational studies
including 2818 patients (ACURATE neo 1 = 1256 vs. SAPIEN 3 n = 1562) met inclusion criteria.
ACURATE neo was associated with a 3.7-fold increase of moderate-to-severe PVL (RR (risk ratio):
3.70 (2.04-6.70); P < 0.0001), which was indirectly related to higher observed 30-day mortality with
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ACURATE valve (RR: 1.77 (1.03-3.04); P = 0.04). Major vascular complications, acute kidney injury,
periprocedural myocardial infarction, stroke and serious bleeding events were similar between devices.
ACURATE neo demonstrated lower transvalvular pressure gradients both at discharge (P < 0.00001)
and at 30 days (P < 0.00001), along with lower risk of patient-prosthesis mismatch (RR: 0.29 (0.10-0.87);
P =0.03) and pacemaker implantation (RR: 0.64 (0.50-0.81); P = 0.0002), but no differences were
observed regarding composite endpoints early safety and device success. In conclusion, ACURATE
neo, as compared with SAPIEN 3, was associated with higher rates of moderate-to-severe PVL,
which were indirectly linked with increased observed 30-day all-cause mortality.

Keywords: meta-analysis; ACURATE neo; SAPIEN 3; transcatheter aortic valve replacement

1. Introduction

Since first its mention by Cribier in 2002 [1], transcatheter aortic valve replacement (TAVR) has been
complementary method to surgical aortic valve replacement (SAVR) in inoperable or high-risk patients
with severe symptomatic aortic stenosis. Similar [2] or even lower [3] one-year mortality rate of TAVR,
as compared to SAVR, was shown in selected groups of patients. Hence, TAVR is now considered to be an
alternative treatment option and is recommended not only in inoperable, high or increased risk surgical
patients [2-5] but also in intermediate and lower risk individuals [6-10]. Commercially available
earlier-generation transcatheter valves, despite providing good clinical outcomes, were not free from
shortcomings; indeed, high rates of conduction abnormalities, permanent pacemaker implantation
(PPI) or vascular complications remained important issues to be addressed. More importantly, though,
higher incidence of paravalvular leak (PVL), in turn associated with increased late mortality and higher
rate of other adverse clinical incidents, as compared to SAVR [11-13], often outweigh the benefits of
transcatheter approach.

To minimize these shortcomings, technological innovations were developed in next-generation
valves including the following: balloon-expandable SAPIEN 3 (Edwards Lifesciences, Irvine, CA,
USA) and self-expandable ACURATE neo (Boston Scientific Corporation, Marlborough, MA, USA).
Since direct comparisons of these two devices are few and one recent randomized controlled trial
(RCT) [14] did not demonstrate non-inferiority of the ACURATE neo device as compared to SAPIEN 3
as opposed to previous observational studies [15-21] that, however, pointed to comparable or superior
results with ACURATE, the debate is ongoing.

The objective of the present investigation was to evaluate and compare short-term results of
TAVR with ACURATE neo and SAPIEN 3 in patients presenting with symptomatic severe native aortic
valve stenosis.

2. Experimental Section

2.1. Data Sources and Search Strategy

The systematic review and meta-analysis were performed in accordance to MOOSE statement
and PRISMA guidelines [22,23]. The MOOSE checklist is available as Table A1. We searched PubMed,
ClinicalKey, the Web of Science and Google Scholar all until October 2019. Search terms were as follows:
“ACURATE neo” (or “ACCURATE neo”), “Symetic ACURATE”, “Boston ACURATE” and/or “SAPIEN
3”7, “SAPIEN III” and “transcatheter valve” or “aortic”. The literature was limited to peer-reviewed
articles published in English. References of original articles were reviewed manually and cross-checked.

2.2. Selection Criteria and Quality Assessment

Studies were included if having met all of the following criteria: (1) human study; (2) study or
study arms comparing directly strategy of transcatheter aortic valve replacement with ACURATE neo
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and SAPIEN 3; (3) RCT or propensity score matched observational study. Studies were excluded if they
fell into the following categories: (1) in-vitro study; (2) single arm; (3) adjustment not PS or methods
not reported; (4) outcomes of interest not reported; and (5) sub-studies or overlapping populations.
No restrictions regarding number of patients included or characteristic of the population were imposed.
Two reviewers (M.G. and K.Z.) selected the studies for the inclusion, extracted studies and patients’
characteristics of interest and relevant outcomes. Two authors (M.G. and K.Z.) independently assessed
the trials’ eligibility and risk of bias. Any divergences were resolved by consensus.

Quality of RCTs was appraised by using the components recommended by the Cochrane
Collaboration [24]; observational studies were, instead, appraised with ROBINS-I (Risk of Bias in
Nonrandomised Studies-of Interventions), a tool used for assessment of the bias (the selection of the
study groups; the comparability of the groups; and the ascertainment of either the exposure or outcome
of interest) in cohort studies included in a systematic review and/or meta-analysis [25].

2.3. Endpoints Selection

Endpoints were established according to the Valve Academic Research Consortium-2 (VARC-2)
definitions [26]. Procedural outcomes of interest were predilatation and postdilatation, procedural
times and contrast volume. Clinical endpoints assessed included the following: PPI, major vascular
complications (MVC), serious bleeding (life-threatening and/or major), acute kidney injury (AKI), stroke,
myocardial infarction and 30-day mortality. Functional outcomes were as follows: mean transvalvular
gradients, prosthesis-patient mismatch (PPM), and mild and moderate-to-severe paravalvular leak (PVL).
Composite endpoints were as per VARC-2: device success (defined as absence of procedural death, correct
position of 1 valve in the proper location, mean gradient < 20 mm Hg or peak velocity < 3 m/s, absence of
moderate-to-severe PVL and absence of PPM) and early safety (composite of all-cause death, any stroke,
life-threatening or disabling bleeding, major vascular complications, coronary artery obstruction requiring
intervention, acute kidney injury (stage 2 or higher), rehospitalization for valve-related symptoms
or congestive heart failure, valve-related dysfunction requiring repeat procedure, and valve-related
dysfunction determined by echocardiography (mean aortic valve gradient > 20 mm Hg and either effective
orifice area < 0.9-1.1 cm? (depending on body surface area) or Doppler velocity index < 0.35; or moderate
or severe prosthetic PVL).

2.4. Statistical Analysis

Data were analyzed according to intention-to-treat principle, wherever applicable. Risks ratios
(RR) and 95% confidence intervals (95% CI) served as primary index statistics for dichotomous
outcomes. For continuous outcomes, mean difference (MD) and corresponding 95% CI were calculated
by using a random effects model. To overcome the low statistical power of Cochran Q test, the statistical
inconsistency test I? = [(Qdf)/Q]x100%, where Q is the chi-square statistic and df is its degrees of
freedom, was used to assess heterogeneity [27]. It examines the percentage of inter-study variation,
with values ranging from 0% to 100%. An I? value of 25% indicates low heterogeneity, 50% are suggestive
of moderate heterogeneity and 70% of high heterogeneity. Because of high degree of heterogeneity
anticipated among predominantly nonrandomized trials, an inverse variance (DerSimonian-Laird)
random-effects model was applied as a more conservative approach for observational data accounting
for between- and within-study variability. Whenever a single study reported median values and
interquartile ranges instead of mean and standard deviation (SD), the latter were approximated as
described by Wan and colleagues [28]. In case there were “0 events” reported in both arms, calculations
were repeated, as a sensitivity analysis, using risk difference (RD) and respective 95% CI. Additionally,
we performed a set of meta-regression analyses to address potential relationships between 30-day
all-cause mortality and other endpoints and baseline characteristics assessed. For the analyses of
clinical endpoints, RCTs and PS-matched studies were analyzed separately. Review Manager 5.3
(The Nordic Cochrane Centre, Copenhagen, Denmark) was used for statistical computations. P-values
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< 0.05 were considered statistically significant and reported as two-sided, without adjustment for
multiple comparisons.

3. Results

3.1. Study Selection and Bias

Study selection process and reasons for exclusion of some studies are described in Figure 1.

Records identified through database searching
. (n=1,224)
Additional records identified

c PubMed/Medline: 30 through other sources

2 Web of science: 195 (n=6)

S ClinicalKey: 67

f‘_g Google Scholar: 932

b
=
p— Records after duplicates removed

(n=1,107)

£

c

9 Y

S Records excluded based on

LL Records screened title/abstract content

(n=58) (n=44)
Full-text articles assessed for Full-text articles excluded,

> eligibility with reasons

H (n=14) ) (n=8)

) -single arm: 3

= l - no matching: 3

- mitral position: 1
__ Studies included in qualitative -aortic regurgitation: 1
synthesis

) (n=6)

3 !

%

% Studies included in

= quantitative synthesis

(meta-analysis)
(n=6;N=2,818 pts.)

Figure 1. Study selection and inclusion process.

Systematic search of the online databases allowed collection of 58 potentially eligible records
that were retrieved for scrutiny. Of those, 52 were further excluded because they were not pertinent
to the design of the meta-analysis or did not meet the explicit inclusion criteria. One RCT [14]
and five observational studies [15-19] enrolling the total of 2818 patients were eventually included
in the analysis. Potential sources of the studies” bias were analyzed with the use of components
recommended by the Cochrane Collaboration and ROBINS-I tool, and the results are enclosed as
Table A2. Overall, the studies reported moderate risk of bias. Most commonly, biases arose from
participants selection for the study by designated heart teams and subjective distribution of the
participants within the study arms. All but one study [14] lacked a core lab assessment of PVL and
central adjudication of clinical events.
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Patients were divided into two groups: those treated with ACURATE neo transcatheter valve
(n =1256) and SAPIEN 3 transcatheter valve (n = 1562). Summary of the valve characteristics is

available as Table 1.

Table 1. Valve characteristics and features.

ACURATE neo (Boston Scientific Corporation) SAPIEN 3 (Edwards Lifesciences)

Intra-annular

Supra-annular
Bovine pericardial leaflet tissue

Porcine pericardial leaflet tissue
Self-expanding, deployment in a top-down .
Balloon-expandable cobalt-chromium frame

mechanism of nitinol frame.
Transfemoral sheath size (valve size)

18-French for all devices: Small (23 mm), Medium (25  Ready for ultra-low profile: 14 F (20, 23, 26 mm); 16 F

mm), Large (27 mm). (29 mm), 18 F (20, 23, 26 mm), 21 F (29 mm)
Special features
-Upper and lower crown;
-Three stabilization arches;
-Outer and inner pericardial skirt.

-Outer sealing and inner skirt at the inflow

Studies’ characteristics, as well as definitions or diagnostic criteria for assessed clinical endpoints,
are reported in Table 2. Table A3 lists selection criteria for the procedure and valve, as well as
inclusion and exclusion criteria within particular studies. Patients’ baseline characteristics and detailed
procedural characteristics are available as Tables A4 and A5. All studies reported data on 30-day clinical
outcomes; three reported Kaplan-Meier estimates of survival at longer-term follow-ups [15,16,18].
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3.2. Patients Characteristic

Groups treated with ACURATE neo and SAPIEN 3 did not differ regarding patients’ age (P = 0.363),
body mass index (P = 0.708), NYHA III/IV status (P = 0.115) or left ventricle ejection fraction (P = 0.178).
No difference was found in the baseline logistic EuroSCORE as well (P = 0.749). SAPIEN 3 group
included significantly fewer female individuals, 59.7% vs. 64.1%, respectively (P = 0.037). Aortic
valve baseline echo-parameters, i.e., mean trans-aortic gradient were comparable: 43.4 + 15.8 vs.
43.6 £ 15.5 mmHg (P = 0.861) in ACURATE neo and SAPIEN 3, respectively (Figure 2), although the
aortic annulus plane area were on average 4 mm? smaller in the ACURATE neo recipients 439.7 + 62.4
vs. 446.7 +76.3; P = 0.037 as compared to SAPIEN 3. Transfemoral access was mostly widely employed
during TAVR procedure; in five studies, it was used exclusively [14,16-19]. Barth et al. [15] included
both transfemoral and transapical access in 75.7% vs. 24.3% and 74.5% vs. 25.5% for ACURATE neo
and SAPIEN 3, respectively. For the transapical approach, ACUARATE TA device was used.
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Figure 2. Analysis of mean transaortic gradients before and after transcatheter aortic valve replacement (TAVR).
3.3. Procedural Outcomes

Five studies [14,15,17-19] and 2722 patients contributed to the analysis of procedural outcomes
between two devices. Both predilatation and postdilatation were more common with ACURATE neo
valve; predilatation was necessary in 1124/1271 (88.4%) of cases as compared to 801/1514 (52.9%); RR
2.05,95% CI, (1.44, 2.94) P < 0.0001; I? = 97%); postdilatation: RR 3.10, 95% CI, (2.01, 4.77) P < 0.00001; ?
= 88%) with respective rates of 45.3% vs. 17.2% for ACURATE neo and SAPIEN 3, respectively. Figure 1
and A2. The procedures performed with ACURATE neo required significantly greater amount of
contrast: 130.3 +56.1 mL vs. 109.7 + 50.3 mL (MD 18.22 95% CI, (10.04, 26.40) mL; P < 0.0001). Figure 3).
Four studies [14,15,17,19] including 1116 ACURATE neo and 1411 SAPIEN 3 cases provided data on
procedure duration, which on average 3 minutes longer in the former: 60.1 + 28.6 min. vs. 56.5.9 +
26.0 min. (MD 3.06, 95% CI, (-0.66, 6.76) min) without reaching statistical significance (Figure 4). Use
of >1 valve was necessary in 35 cases (26 ACURATE neo vs. nine SAPIEN 3; RR 3.24, 95% ClI, (1.47,
7.13) P = 0.004; I> = 0%). Incidence of cardiac tamponade was reported in three studies [14,15,18] with
respective event rates of 1.0% vs. 0.7% for ACURATE neo and SAPIEN 3 valves: RR 1.17, 95% CI, (0.52,
2.63) P = 0.70; I? = 0%. Early procedural complications included the following: coronary obstruction in
three ACURATE neo patients and total of eight annular ruptures, 20 conversions to surgery and 20
valve malpositionings without differences between two devices.
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3.4. Clinical Outcomes

Six studies [14-19] enrolling 2818 patients contributed data for the analysis of early safety as defined by
VARC-2; with the corresponding rates of 13.9% (174/1256) and 12.6% (197/1562) for ACURATE neo and
SAPIEN 3 valves, respectively, there were no statistical differences between two devices (RR 1.15, 95% CI,
(0.94,1.40) P = 0.16; I” = 0%) and pooled estimates of RCT and PS-matched studies in subgroup analysis
(Pinteraction = 0.47) (Figure 3a). In the pooled analysis of device success (five studies included (2634 patients.)),
there were no differences between two types of valve in the pooled analysis: RR 1.01, 95% CI, (0.92, 1.10)
P =0.89; I> = 89%). Analyzed separately, there were strong between-subgroup differences between RCT
and pooled estimate from PS-matched studies: RR 1.44, 95% CI, (1.24, 1.66); P < 0.00001; I2 =NA and RR
0.95,95% CI, (0.91, 0.99); P = 0.01; I? = 47% with Pieraction < 0-00001 (Figure 3b).
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Figure 3. Individual and summary risk ratios with corresponding 95% confidence intervals for the
comparison of ACURATE neo vs. SAPIEN 3 in the analysis of clinical outcomes: (a) early safety,
(b)-device success and (c) permanent pacemaker implantation.
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There were no differences between ACURATE neo and SAPIEN 3 valves in terms of risk of major
vascular complications (RR 1.21, 95% CI, (0.89, 1,65); P = 0.23; 12 = 6%; Figure 5), acute kidney injury
(RR 1.28, 95% CI, (0.71, 2,31); P = 0.42; I = 15%; Figure 6), periprocedural myocardial infarction
(RR 1.76, 95% CI, (0.36, 8.47); P = 0.428 12 = 0%; Figures 7 and 8), stroke (RR 0.95, 95% CI, (0.57, 1.57);
P =0.8412 = 0%; Figures 9 and 10), and serious bleeding events (RR 1.23, 95% CI, (0.95, 1.61); P = 0.12;
2 = 0%; Figure 11).

Based on the data from six studies (2818 pts.), PPI was required nearly 30% less often after
ACURATE neo implantation as compared to SAPIEN 3 (RR 0.72, 95% CI, (0.58, 0.89); P = 0.003;
I = 75.9%) with corresponding frequency of 10.1% vs. 14.2%, respectively (Figure 3c). Importantly,
the estimates derived from SCOPE I differed from the pooled estimates (Pinteraction = 0.04) with higher
rates of PPI observed in SAPIEN 3 arm in PS-matched studies (9.3% vs. 15.8%) Table 6 lists the VARC-2
derived quality criteria for PPI appraisal

3.5. Functional Outcomes

With five studies [14-16,18,19] and 1885 patients included, mild PVL occurred less frequently in
SAPIEN 3 recipients, 28.0% (263 of 940), compared to ACURATE neo group, 45.5% (430 of 945); (RR 1.60,
95% CI, (1.40, 1.84) P < 0.00001; I2 = 14%) (Figure 4a). Moderate-to-severe PVL was uncommon in
the entire series (6.5%); however, there was a significant 3.7-fold increase in moderate-to-severe PVL
risk with ACURATE neo implantation: (RR 3.70, 95% CI, (2.04, 6.70) P < 0.0001; 2 = 53%) (Figure 4b)
and corresponding incidence of 11.7% (147/1,256) and 2.3% (36/1,562) in ACURATE neo and SAPIEN
3 valves.

ACURATE neo SAPIEN 3 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Barth S et al. 2019 118 329 68 329 23.7% 1.74 [1.34,2.24] -
Costa G etal. 2019 22 48 9 48 4.1% 2.44[1.26, 4.75]
Lanz et al. [SCOPE I] 2019 186 372 114 367 39.6% 1.61[1.34,1.93] =
Mauri V et al. 2017 50 92 40 92 182% 1.25[0.93, 1.69] ™
Scheafer A et al. 2017 54 104 32 104 14.4% 1.69 [1.20, 2.38] -
Total (95% Cl) 945 940 100.0% 1.60 [1.40, 1.84] ¢
Total events 430 263
Heterogeneity: Tau? = 0.00; Chi? = 4.67, df = 4 (P = 0.32); 12 = 14% o1 o1 I 100

Test for overall effect: Z = 6.73 (P < 0.00001) Favours ACURATE neo Favours SAPIEN 3

(a)
ACURATE neo SAPIEN 3 Risk Ratio Risk Ratio

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

Barth Setal. 2019 38 329 10 329 26.5% 3.80[1.93, 7.50] —

Costa G etal. 2019 0 48 0 48 Not estimable

Husser O et al. 2017 15 311 11 622 24.2% 2.73[1.27,5.87] —

Lanz et al. [SCOPE 1] 2019 85 372 10 367 27.6% 8.39[4.43,15.89] —

Mauri V et al. 2017 4 92 3 92 11.6% 1.33[0.31, 5.79] I

Scheafer A et al. 2017 5 104 2 104 10.1%  2.50[0.50, 12.60] —

Total (95% CI) 1256 1562 100.0% 3.70 [2.04, 6.70] -

Total events 147 36

Heterogeneity: Tau® = 0.23; Chi® = 8.54, df = 4 (P = 0.07); I’ = 53% [ + t {

Test for overall effect: Z = 4.32 (P < 0.0001) 0.01 Favours();l\lcuRATE neo Favours SAPllE(L 3 100
(b)

Figure 4. Individual and summary risk ratios with corresponding 95% confidence intervals for the
comparison of ACURATE neo vs. SAPIEN 3 in the analysis of functional outcomes: (a) mild and (b)
moderate-to-severe paravalvular leak.

Data regarding postprocedural transaortic gradient came from all six studies with 2818 patients.
Mauri et al. [18] reported on 1-year transaortic gradients as well. (Figure 2). Mean postprocedural
transaortic gradients were higher in SAPIEN 3 patients both at discharge and at 30 days post-op:
12.4 + 4.7 vs. 8.7 £ 4.5 mmHg (P < 0.00001) and 11.5 + 4.9 vs. 7.5 + 3.4 mmHg (P < 0.00001) respectively.
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3.6. All-Cause Mortality

Six studies reported on 30-day all-cause mortality. Overall, 61 (2.2%) patients died within the first
30 days, with respective rates of 2.9% and 1.6% in ACURATE neo and SAPIEN 3 groups; ACURATE
neo was associated with 77% higher 30-day mortality risk (RR 1.77, 95% CI, (1.03, 3.04); P = 0.04; 12 =0%
(Figure 5a and Appendix Figure 12). A random-effects meta-regression was fitted, counter-opposing
all-cause mortality risk ratio against the risk difference of moderate-to-severe PVL; there was a trend for
higher 30-day mortality rates with higher incidence of moderate-to-severe PVL (beta = 0.023; P = 0.093)
(Figure 5b); similarly, a meta-regression was fitted with all-cause mortality risk ratio against the mean
annulus area in the ACURATE neo arm showing a trend for lower between devices mortality ratio in

smaller annuli (beta = 22.078; P = 0.098) (Figure 5c).

Risk Ratio
IV, Random, 95% CI

ACURATE neo SAPIEN 3 Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI
1.12.1 RCTs
Lanz et al. [SCOPE 1] 2019 9 372 3 367 17.3%  2.96[0.81, 10.85]
Subtotal (95% CI) 372 367 17.3% 2.96 [0.81, 10.85]

Heterogeneity: Not applicable
Test for overall effect: Z = 1.64 (P = 0.10)

1.12.2 PS-matched studies

Barth S et al. 2019 15 329 7 329 37.2% 2.14[0.89, 5.19]
Costa G et al. 2019 0 48 0 48 Not estimable
Husser O et al. 2017 7 311 12 622 34.2% 1.17 [0.46, 2.93]
Mauri V et al. 2017 1 92 2 92 5.1% 0.50 [0.05, 5.42]
Scheafer A et al. 2017 4 104 1 104 6.2%  4.00 [0.45, 35.19]
Subtotal (95% CI) 884 1195 82.7% 1.60 [0.88, 2.89]

Total events 27
Heterogeneity: Tau? = 0.00; Chi® = 2.47, df = 3 (P = 0.48); I* = 0%
Test for overall effect: Z = 1.54 (P = 0.12)

Total (95% CI)
Total events 36

Heterogeneity: Tau? = 0.00; Chi® = 3.19, df = 4 (P = 0.53); I = 0%
Test for overall effect: Z = 2.08 (P = 0.04)

Test for subgroup differences: Chi? = 0.72, df = 1 (P = 0.40), I = 0%

1256 1562 100.0% 1.77 [1.03, 3.04]
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Figure 5. Individual and summary risk ratios with corresponding 95% confidence intervals for the
comparison of ACURATE neo vs. SAPIEN 3 in the analysis of (a) 30-day all-cause mortality; (b,c) meta
regression analyses.

4. Discussion

To the best of our knowledge, this is the first systematic review and meta-analysis of observational
trials comparing major procedural, short-term clinical and functional outcomes between the ACURATE
neo and SEPIEN 3, the next-generation transcatheter valves designed to minimize shortcomings of the
earlier-generation devices. Our analysis, by pooling data from one RCT and five PS-matched studies,
demonstrated excellent data regarding short-term performance of both devices. Compared populations
of patients were well balanced with respect to baseline characteristics and severity of underlying
valvular disease. Main findings of the current study are that the ACURATE neo implantation as
compared to SAPIEN 3 was associated with lower transvalvular gradients and lower risk of permanent
pacemaker implantation. Other clinical endpoints which included vascular complications, AKI, as well
as life threatening and major bleeding; stroke and MlIs did not differ between the two groups. The
use of ACURATE neo procedures were significantly longer and required a greater amount of contrast
volume. Device success and early safety combined endpoints, as defined by VARC-2 criteria, were,
however, similar regardless the type of valve implanted. Importantly, the current study revealed
significantly higher rates of both mild and moderate-to-severe PVL with ACURATE neo as compared
to SAPIEN 3 and the latter were indirectly associated with worse survival observed in ACURATE
neo group.

Previous observational studies [15-21] and, among them, the SAVI-TF (Symetis ACURATE neo
Valve Implantation Using Transfemoral Access) registry [29,30] reported on excellent short-term
outcomes with low complications and, in particular, PPI rates in ACURATE neo valve attributable to
the design of the prosthesis. The particularly low gradients also contributed to the similar or better rates
of device success for ACURATE neo and SAPIEN 3 in propensity matched comparisons. Whether the
abovementioned benefits would hold true in randomized populations and further translate into
improved clinical outcomes was investigated in the Safety and Efficacy of the Symetis ACURATE
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Neo/TF Compared to the Edwards SAPIEN 3 Bioprosthesis trial (SCOPE I) [14]. Interestingly, the
ACURATE neo valve failed to meet noninferiority for its primary endpoint of combined at 30 days
against the balloon-expandable SAPIEN 3 (Edwards Lifesciences) valve. Moreover, secondary analyses
demonstrated SAPIEN 3 to be superior for the composite safety and efficacy endpoint, driven by
less stage 2 or 3 acute kidney injury and less paravalvular leak. Valve dysfunction requiring repeat
interventions was also less common at 30 days. In particular, findings on device success need to be
addressed, since the rates varied largely between RCT and the remaining PS-matched studies driven
by higher patient prosthesis mismatch in the SAPIEN 3 group (P < 0.00001). Indeed, median mean
transvalvular gradient was lower, and the median mean aortic valve area was larger, in the ACURATE
neo, compared to the SAPIEN 3 group, at follow-up echocardiography in the SCOPE I trial. This
may have been partially due to the fact that sizing and thus the choice of the valve process were
different in the SCOPE I and the remaining studies. Some residual bias despite propensity score
matching also cannot be excluded. In fact, Mauri et al. [18] reports on the sizing category was based on
perimeter for ACURATE neo and annular area for SAPIEN 3, then all patients received ACURATE
neo size S or SAPIEN 3 23 mm. In the study by Husser et al. [17] after PS-matching, there remained
a P = 0.003 difference in aortic annular area; Schaefer et al. [19] reports aortic annulus size to have
presented significant differences for area derived aortic annulus diameter (23.9 + 2.8 vs. 24.8 + 2.6
mm; P = 0.02) and perimeter-derived aortic annulus diameter (24.5 + 2.5 vs. 25.3 + 2.6 mm; P = 0.02),
which, in consequence, led to oversizing in the ACURATE neo and undersizing SAPIEN 3 (1.5 + 6.6
vs. —=0.9 £ 6.4; P = 0.01 for cover index). Further, only in the SCOPE I trial, both the clinical events
and functional assessment details were adjudicated by independent core lab. Independently, there
were fewer PPI necessary after ACURATE neo in the PS-matched studies; since not confirmed in the
SCOPE I, the supra-annular positioning of the valve must have had played, however, a much less
important role than expected, and the lower PPI rates originating from skewed valve-size selection
and positioning of the valve in the annulus [29]. More importantly, though, SCOPE I trial, by design,
excluded over 300 patients with excessive calcification of aortic valve or left ventricular outflow tract
(LVOT), which was not the case in remaining studies included in the current analysis. Presence of
calcifications in both aortic annulus and LVOT could have accounted for much higher rates of PPI
in the SAPIEN 3 arms across included PS-matched studies (average PPI incidence rate of 15.8%) as
compared to SCOPE I trial with 9.3% rate, similarly to what has been already demonstrated for SAPIEN
3 in another meta-analysis by the same group [30].

Conversely to the abovementioned, yet still contributing to device success rates, was the higher
incidence of moderate-to-severe PVL in the ACURATE neo valve, which was confirmed also in the
current meta-analysis. In the next-generation devices, improved by addition an external sealing cuff or
a skirt, the frequencies of mild and moderate-to-severe PVL became significantly lower as compared
with the earlier-generation valves. The pooled occurrence of more than mild PVL decreased from 6.9%
SAPIEN XT to 1.6% in SAPIEN 3 valve, as in a meta-analysis by Ando et al. with 2498 patients [31].
The PARTNER II SAPIEN-3 trial, which assessed early outcomes after TAVR in inoperable, high-risk
and intermediate-risk patients with severe aortic stenosis, showed moderate-to-severe PVL in 3.4%
and mild in 40.7% of the cases [32]. The abovementioned improvements seen in next-generation
devices seem not to be the case with ACURATE neo; in the meta-analysis, we found 11.7% incidence
of moderate-to-severe PVL in the ACURATE neo arm, nearly fourfold higher than in SAPIEN 3 and
mild PVL in 45.5% cases, translating into 60% increased risk. Unlike the current findings, SAVI TF
registry showed 4.1% of >mild PVL in 1000 patients treated with ACURATE neo which is within ranges
observable for other devices [33-38]. Postdilatation was performed in 44.8% of the patients in that
series, and this percentage is also comparable to 40.4%-51.9% in the current analysis, and therefore,
theoretically, should not influence the outcome; on the other hand, Barth et al. [15] reports lower >mild
PVL rates in one of participating centers (C) that used “zero tolerance of more than mild paravalvular
leak” policy and postdilated more frequently than other centers (52.7% as compared to 12.3% and
33.3%), which translated to 3.4% rate of >mild PVL (as compared to 6.0% and 34.1% in the remaining
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centers). Interestingly, this center was the one to demonstrate highest one-year survival (87.4% (95% CI:
79.6-92.3) compared to 75.4% (95% CI: 60.4-85.3) and 81.3% (95% CI: 70.1-88.6)). Corroborating these
estimates on larger scale and also in shorter follow-up, the current meta-analysis found an indirect link
between increased rates of >mild PVL and higher mortality in the ACURATE neo arm at 30 days. While
the presence of residual >mild PVL has been long shown to be associated with increased mortality in
the long-term [39,40], the link between >mild PVL and 30-day mortality appears less clear, particularly
for next-generation devices [12]. The abovementioned may be of importance given the fact that acute
aortic insufficiency of various degree in patients with prior pure aortic stenosis and diminished LV
compliance is often a cause of heart-failure exacerbation early in the sequelae [41].

An indirect link to increased mortality with ACURATE neo, as found also in meta-regression
of annular area; indeed, lower between-devices mortality risk ratios between ACURATE neo and
SAPIEN 3 were shown in patients with smaller annuli. An important hypothesis generated by present
meta-analysis is that ACURATE neo performs differently in this setting; since we could not demonstrate
excess of annual ruptures, cardiac tamponades, conversions to surgery or other periprocedural
complications in either group, the explanation of this phenomenon remains to be elucidated.

Several inherent limitations to the current analysis need to be acknowledged; firstly, the majority
of included studies are of an observational nature. Despite accounting for differences in the patients’
baseline populations by propensity matching in all of the non-randomized reports, there remain other
confounders, like learning curve, operators’ experience and decision as of valve size and type that
add to the risk of bias. Indeed, it cannot be refused that ACURATE neo was the preferred valve in
smaller aortic annuli in PS-matched studies. Secondly, one study [15] reports on outcomes with both
transfemoral ACURATE neo and transapical ACURATE TA systems. While similar in stent design and
technological features, there are certain, albeit minor, differences in delivery system and biological
tissue used in both devices [42]. Thirdly, only half of included studies reported follow-up longer than
one month; paucity of data regarding long-term clinical and functional outcomes significantly impedes
interpretation of ACURATE neo and SAPIEN 3 clinical suitability. Lastly, all but one study [14] lacked
of an external core lab assessment and adjudication of echocardiographic outcomes. Finally, to better
visualize the relative advantages of the contemporary-use valve systems, the results of a second similar
study, SCOPE II (NCT03192813), will compare the ACURATE neo to the EVOLUT R system with
respect to a composite of all-cause death and stroke at one year.

5. Conclusions

Contemporary evidence shows good short-term implantation outcomes of both ACURATE neo
and SAPIEN 3 valves, with no differences in combined endpoints of device success and early safety.
Implantation of ACURATE neo was associated with lower transvalvular gradients and lower risk
of permanent pacemaker implantation. Moderate-to-severe PVL rates were, however, higher in
ACURATE neo valve and were indirectly associated with increased 30-day all-cause mortality.
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Table 6. VARC-2 derived permanent pacemaker implantation criteria quality appraisal.

Study [ref] Presence.of Pacemaker P.reci'sion of the Days Post TAVR for PPI

at Baseline Reported Indication Reported Reported

Barth S et al. 2019 [15] No no In-hospital

Costa 