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Abstract: Background/Objectives: Valve-in-valve (ViV) transcatheter aortic valve implantation
(TAVI) is a key approach for treating degenerated surgical bioprosthetic valves. The ACURATE neo2
valve, with its advanced sealing technology and optimized coronary access, represents a promising
solution for the challenges of ViV TAVI. This study evaluates the procedural and short-to-mid-term
outcomes of the ACURATE neo2 valve in ViV TAVI. Methods: This single-center, single-operator
prospective study included patients with symptomatic bioprosthetic valve dysfunction, classified in
New York Heart Association (NYHA) class III or IV, who underwent ViV TAVI with ACURATE neo2
at our center between July 2022 and February 2024. Outcomes were assessed using VARC-3 criteria.
Results: Fifty-five patients (51% females, median (IQR) age 76 (8) years) were included. The
technical success rate was 98.2%. No patients experienced in-hospital mortality, stroke, MI,
bleeding, vascular complications, renal failure, or new pacemaker implantation. Three
patients (5.5%) underwent elective chimney stenting for coronary protection. The post-
procedural mean aortic gradient was 6.7 = 1 mmHg, with a mean aortic valve area (AVA) of
2.0 £ 0.1 cm?. Over a median follow-up period of 1.2 years, no deaths (0%) were observed,
heart failure hospitalization rate was 3.6%, and NYHA class improved to < II in 100% of
patients. Conclusions: ACURATE neo2 demonstrated excellent technical success, sustained
hemodynamic performance, and significant clinical improvement in ViV TAVI. The absence of major
adverse events reinforces its safety, efficacy, and durability as a treatment for degenerated surgical
bioprostheses.

Keywords: transcatheter aortic valve implantation; valve-in-valve; bioprosthetic valve failure;
ACURATE neo2; interventional cardiology; structural heart disease

1. Introduction

Surgical bioprosthetic valves are widely utilized for surgical aortic valve replacement (SAVR)
due to their favorable hemodynamic profile and the avoidance of lifelong anticoagulation
requirements [1]. Their use has increased significantly, now accounting for approximately 80% of
SAVR procedures [2]. However, bioprosthetic valves are inherently limited by structural valve
degeneration (SVD), leading to progressive dysfunction over time. When bioprosthetic valve failure
occurs, redo SAVR remains an option but is associated with substantial procedural risk, with
reported operative mortality rates ranging from 2% to 7%, escalating to as high as 30% in elderly and
high-risk patients [3]. Consequently, valve-in-valve (ViV) transcatheter aortic valve implantation
(TAVI) has emerged as the preferred alternative for such patients, offering a minimally invasive
approach with favorable early and mid-term outcomes [4-6].
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Despite the procedural advantages of ViV TAVI it poses specific technical and clinical
challenges that must be considered. These include an increased risk of coronary obstruction, elevated
post-procedural transvalvular gradients, permanent pacemaker implantation (PPI), and patient-
prosthesis mismatch (PPM). The selection of the most appropriate transcatheter heart valve (THV) is
therefore critical in optimizing both procedural success and long-term clinical outcomes.

The primary differences between self-expanding (SE) and balloon-expandable (BE) valves in the
ViV setting pertain to their hemodynamic performance and risk profiles. SE valves, due to their
supra-annular design, generally achieve a larger post-implantation aortic valve area (AVA) and
lower incidence of PPM, making them advantageous in cases where elevated gradients are a concern;
however, this comes at the cost of an increased risk of PPI and coronary obstruction, particularly in
patients with low coronary ostia or externally mounted bioprosthetic leaflets [7,8]. While the most
widely used SE valve for ViV TAVIis Evolut™ (Medtronic, Minneapolis, MN, USA), ACURATE neo2
(Boston Scientific, Marlborough, MA, USA) offers design modifications that may mitigate some of
the risks associated with self-expanding THVs while introducing potential advantages over Evolut.
Specifically, ACURATE neo2 retains the supra-annular design while incorporating an open-cell
frame structure, which facilitates commissural alignment and preserves coronary access, thereby
reducing the risk of coronary obstruction. Additionally, its stable positioning and simplified
deployment mechanism makes it user friendly, along with a lower incidence of conduction
disturbances and PPI, an important advantage over other SE valves.

While the performance of the ACURATE neo2 valve in native aortic stenosis has been well-
documented [9,10], data on its use in ViV TAVI remain limited. This study presents a single-center,
single-operator experience evaluating the procedural success, hemodynamic performance, and short-
to-mid-term outcomes of the ACURATE neo2 valve in ViV TAVI, providing valuable insights into
the real-world feasibility and safety of this approach.

2. Materials and Methods

This is a single-center, single-operator, prospective, observational, cohort study that includes
data from medical records of all patients that underwent transfemoral ViV TAVI at our structural
heart disease expert center, from July 2022 to February 2024. The study has been approved by the
Institutional Review Board of our center, in compliance with the Declaration of Helsinki.

Inclusion Criteria

All patients diagnosed with degenerated surgical bioprostheses and symptomatic valve
dysfunction, classified in NYHA class III or IV, who underwent ViV TAVI with the ACURATE neo2
valve at our center between July 2022 and February 2024 at the Hybrid Operating Room at European
Interbalkan Medical Center were included. The decision to carry out the transcatheter procedure was
made by the local Heart Team, according to the 2021 ECS / EACTS guidelines [11].

ViV TAVI procedure

The transfemoral ViV TAVI procedure was performed under general anesthesia in the Hybrid
Operating Room of the Interbalkan Medical Center, utilizing the ACURATE neo2 (Boston Scientific,
Marlborough, MA, USA) by a single operator. Femoral artery access was obtained through surgical
cut-down technique by the same vascular surgeon.

Crossing of the bioprosthetic valve was facilitated by a straight 0.035” wire through an Amplatz
Left 1 or a Pigtail catheter. Balloon pre-dilation was performed in most cases using a balloon sized
according to the true internal diameter of the surgical bioprosthesis. In patients with small prostheses
(true ID < 21 mm), high-pressure balloon fracture was considered when applicable, using a non-
compliant Atlas balloon (Bard Peripheral Vascular, Tempe, AZ, USA) prior to ACURATE neo2
deployment in order to optimize valve expansion and reduce residual gradients and to avoid high-
pressure trauma to the ACURATE neo2 leaflets

ACURATE neo2 implantation followed a standardized top-down deployment approach,
ensuring that the valve marker was aligned with the bioprosthetic valve annulus. Post-dilation was
selectively performed in cases where suboptimal valve expansion, elevated residual gradients, or
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significant paravalvular regurgitation were observed. Following implantation, a pigtail catheter was
positioned in the left ventricle to assess residual gradients and perform hemodynamic measurements,
including diastolic pressures in the aorta and left ventricle.

In patients with low coronary artery takeoff, preemptive coronary protection was performed
using guide catheters and coronary angioplasty wires. Elective chimney stenting was undertaken to
preserve coronary flow, when necessary.

Definition of the variables

Baseline characteristics including age, sex, body mass index (BMI), estimated glomerular
filtration rate (eGFR), European System for Cardiac Operative Risk Evaluation II (EuroSCORE II),
cardiopulmonary comorbidities (e.g., prior heart failure hospitalization, atrial fibrillation [AF], prior
myocardial infarction [MI], diabetes, hypertension, dyslipidemia, coronary artery disease [CAD]
with prior PCI or coronary artery bypass graft surgery [CABG], chronic obstructive pulmonary
disease [COPD]), stroke, presence of permanent pacemaker, and NYHA class were recorded.
Bioprosthetic surgical valve characteristics were also collected, including true ID, time to failure,
degeneration mechanism, surgical valve manufacturer. Transthoracic echocardiography (TTE) was
conducted to assess left ventricular ejection fraction (LVEF), mean aortic valve gradient, aortic valve
area (AVA), and aortic regurgitation (AR). AR severity classification comprises of trivial / mild,
moderate, and severe. All TTEs were conducted by the same examiner. Procedural characteristics,
including predilation, postdilation, SENTINEL cerebral protection system use, procedural time, and
commissural alignment were also recorded.

In-hospital outcomes

In-hospital outcomes were reported according to the Valve Academic Research Consortium-3
(VARC-3) consensus [12]. The main outcomes were technical success, in-hospital mortality,
myocardial infarction (MI), percutaneous coronary intervention (PCI), stroke, bleeding events, acute
kidney injury (AKI), conversion to surgery, vascular complications, permanent pacemaker
implantation (PPI), and post-procedural echocardiographic evaluation.

Short-to-mid-term outcomes

Short-to-mid-term clinical and echocardiographic outcomes were assessed at 30 days and 1 year
post-procedure. Clinical follow-up included evaluation of functional status (NYHA class), heart
failure hospitalizations, all-cause mortality, myocardial infarction (MI), and stroke.

Echocardiographic follow-up was conducted at 30 days and 1 year using transthoracic
echocardiography (TTE) to assess mean aortic valve gradient, aortic valve area (AVA), and aortic
regurgitation (AR). AR severity was classified as trivial / mild, moderate, or severe. All
echocardiographic evaluations were performed by the same examiner.

Device-related complications, including bioprosthetic valve dysfunction (stenosis,
regurgitation, or combined), valve thrombosis, endocarditis, and structural valve deterioration, were
also recorded. Follow-up data were collected through hospital visits, outpatient clinic records, and
telephone interviews with patients or referring physicians.

Statistical analysis

Continuous variables following normal distribution were presented as mean and standard
deviation (SD), while variables that were not distributed normally were presented as median and
interquartile range (IQR). Normality of distribution was assessed by comparing mean and median
values, graphical representation of the distribution of the variables and by using the Kolmogorov-
Smirnov test. Qualitative variables were summarized using absolute and relative frequencies [n/N
(%)]. Comparisons of continuous variables between time points (e.g., pre-procedure, post-procedure,
30-day, and 1-year follow-up) were performed using repeated measures ANOVA for normally
distributed data or the Friedman test for non-normally distributed variables. Pairwise comparisons
were conducted using paired t-tests (if normal) or the Wilcoxon signed-rank test (if non-normal), with
Bonferroni correction applied for multiple comparisons. A p-value <0.05 was considered statistically
significant. All statistical analyses were performed on RStudio version 2023.03.0+386.
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3. Results

A total of 55 patients (51% females) underwent transfemoral ViV TAVI with a median age of 76
years (IQR: 8), at baseline assessment. A comprehensive overview of the baseline characteristics of
the patients is presented in Table 1. This is a high surgical risk cohort with mean Euroscore II of 7.66
+ 0.9% and prevalent cardiopulmonary comorbidities, including hypertension (55%), dyslipidemia
(67%), diabetes (27%), COPD (31%), and CAD (45%) (previous PCI [21%], CABG [24%], prior MI
(13%), while 3 (5%) patients had a prior stroke and 11 (20%) had a permanent pacemaker. AF was
present in 33% of patients. The failed surgical bioprostheses had mean true internal diameter (ID) of
22 + 3 mm, with mean time to failure of 10.0 + 4.1 years. The most common failure mechanism was
stenosis (51%), followed by mixed degeneration (27%) and regurgitation (22%). The most frequently
failed bioprosthetic valve was TRIFECTA (49%), followed by MAGNA EASE, MITROFLOW, and
MOSAIC (each 14.5%). Pre-procedural echocardiography showed mean LVEF of 50 +11%, mean
aortic gradient of 38 +11 mmHg, and AVA of 0.8 +0.5 cm?. Aortic regurgitation was trivial / mild in
31%, moderate in 40%, and severe in 39% of cases.

Table 1. Patients’ baseline characteristics.

. .. Overall,
Characteristic N = 551
Age, years 78 (6)
Female sex 28 /55 (51)
BMI, kg/ m2 25.5 (1)
Euroscore II, % 7.66+0.9
NYHA class IV 21 /55 (38)
Hypertension 30/55 (55)
Dyslipidemia 37 /55 (67)
Diabetes 15 /55 (27)
CAD 25/55 (45)
Previous PCI 12 /55 (22)
Previous CABG 13 /55 (24)
Previous MI 7 /55 (13)
Stroke 3/55(5)
Pacemaker 11 /55 (20)
AF 18 /55 (33)
CorD 17 / 55 (31)
eGFR, mL/min/1.73 m? 56+ 17
True ID, mm 22+ 3
Time to failure, years 10.0+4.1
Degeneration Mechanism
Stenosis 28 /55 (51)
Regurgitation 12 /55 (22)
Mixed 15 /55 (27)
Surgical valve
MAGNA EASE 8 /55 (14.5)
MITROFLOW 8 /55 (14.5)
MOSAIC 8 /55 (14.5)
SORIN CROWN 2/55(3.6)
St JUDE EPIC 23 2/55(3.6)
TRIFECTA 27/ 55 (49)
Echocardiography
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LVEF, % 50 (15)
Mean aortic gradient, mmHg 38+11
AVA, cm? 0.8+0.5
AR
Trivial / Mild 17 /55 (31)
Moderate 22 / 55 (40)
Severe 16 /55 (29)

I Mean+ SD; Median (IQR); n / N (%). Note: Continuous variables are presented as mean value + standard
deviation (SD). Categorical variables are presented asn/N (%). Abbreviations: BMI: Body Mass Index, Euroscore
II: European System for Cardiac Operative Risk Evaluation II, NYHA: New York Heart Association, CAD:
Coronary Artery Disease, PCI: Percutaneous Coronary Intervention, CABG: Coronary Artery Bypass Graft
surgery, MI: Myocardial Infarction, AF: Atrial Fibrillation, COPD: Chronic Obstructive Pulmonary Disease,
eGFR: estimated Glomerular Filtration Rate, LVEF: Left Ventricular Ejection Fraction, AVA: Aortic Valve Area,
AR: Aortic Regurgitation.

The technical success rate was 98.2%, with one patient requiring the implantation of a second
ACURATE neo2 valve during the index procedure due to valve migration of the first following post
dilation and severe paravalvular leak (PVL). Predilation was performed in 87% (in 5 [9%] cases the
surgical valve was fractured), postdilation in 66%, and the SENTINEL cerebral protection system was
used in all patients. The mean procedural time was 32 + 5 minutes. There were no occurrences of
stroke, bleeding, vascular complications, AKI, conversion to surgery, new pacemaker implantation,
or in-hospital mortality. Additionally, none of the patients experienced myocardial infarction;
however, 3 patients (5.5%) underwent elective percutaneous coronary intervention with chimney
stenting—2 (3.6%) in the left main and 1 (1.8%) in both the left main and right coronary artery —due
to low coronary takeoff and potential obstruction. The post-procedural mean aortic gradient was 6.7
+1 mmHg, with mean aortic valve area (AVA) of 2 + 0.1 cm?2. No cases of aortic regurgitation greater
than trivial were observed.

Table 2. Procedural results.

. .. Overall,

Characteristic N = 551
Technical success 54 /55 (98.2)
Predilation 48 / 55 (87)

Surgical valve fracture 5/55(9)
Postdilation 36 /55 (65)
SENTINEL Cerebral protection system 55 /55 (100)
Procedural time, mins 32+ 5
Commissural alignment 55 /55 (100)
Stroke 0/55(0)

Bleeding 0/55 (0)

Vascular complications 0/55 (0)
AKI 0/55 (0)

Conversion to surgery 0/55(0)
Pacemaker implantation 0/55 (0)
In-hospital mortality 0/55(0)
Myocardial infarction 0/55 (0)
Elective PCI — Chimney Stenting 3/55(5.5)
LM 2/55(3.6)

LM +RCA 1/55(1.8)
Post-procedural mean aortic gradient, mmHg 6.7+ 1
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Mean AV A, cm? 2+ 0.1
AR 0/55 (0)
Trace 55 /55 (100)
Mild 0/55(0)
Moderate 0/55 (0)
Severe 0/55 (0)
Home — Discharged 55 /55 (100)
30-day mortality 0/55(0)

T Mean+ SD; n /N (%). Note: Continuous variables are presented as mean value + standard deviation (SD).
Categorical variables are presented as n / N (%). Abbreviations: AKI: Acute Kidney Injury, PCI: Percutaneous
Coronary Intervention, LM: Left Main, RCA: Right Coronary Artery, AVA: Aortic Valve Area, AR: Aortic
Regurgitation.

Short-to-Mid-Term Outcomes

Over a median follow-up period of 1.2 years, no deaths, strokes, or MIs (0%) were observed, and
the rate of heart failure-related hospitalizations was 3.6%. The mean aortic gradient demonstrated a
significant reduction following ViV TAVI, decreasing from 38 + 11 mmHg pre-procedure to 6.7 + 1
mmHg post-procedure (p <0.001). This reduction remained stable with 8.1 + 2 mmHg at 30 days and
7.9 +1.5 mmHg at 1 year, with no significant differences between post-procedural, 30-day, and 1-year
gradients (p: 0.13, p: 0.11, p: 0.92, Figure 1).

p <0.001

501 —— Mean Aortic Gradient
=)
£ 40}
E
5
5 30
©
) p:0.13 p:0.11
O
3 p:0.92
C
g ! |
= 10} | 4

Pre-procedure Post-procedure 30-day l-year

Figure 1. Mean aortic gradient over time following ViV TAVI with the ACURATE neo2 valve. Data are presented
as mean * standard deviation. Mean aortic gradient significantly decreased from pre-procedure to post-

procedure and remained stable at 30-day and 1-year follow-up.
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Similarly, the mean aortic valve area (AVA) significantly improved from 0.8 + 0.5 cm? pre-
procedure to 2.0 £ 0.1 cm? post-procedure (p < 0.001). AVA remained stable at follow-up, measuring
1.9 £ 0.2 cm? at 30 days and 1.9 + 0.1 cm? at 1 year, with no significant differences between post-
procedural, 30-day, and 1-year measurements (p: 0.89, p: 0.06, p: 0.059, Figure 2).

p <0.001

l \

—$— Mean AVA

2.00r

1.75

1.50
p: 0.89

123

1.00 p: 0.059

Mean AVA (cm?)

0.75

0.50

025 [ 1 1 1 1
Pre-procedure Post-procedure 30-day l-year

Figure 2. Mean aortic valve area (AVA) over time following ViV TAVI with the ACURATE neo2 valve. Data are
presented as mean + standard deviation. AVA significantly increased post-procedure and remained stable over
time. Abbreviations: AVA: Aortic Valve Area.

Significant functional improvement was observed following ViV TAVI, as reflected in the
distribution of NYHA class over time (Figure 3). Pre-procedurally, 72% of patients were in NYHA
class Il and 38% in NYHA class IV. At 30-day follow-up, there was a marked shift towards improved
functional status, with 31% of patients in NYHA class I and 69% in NYHA class II, and no patients
remaining in class III or IV. This trend continued at 1-year follow-up, with further functional
improvement, as 40% of patients were classified as NYHA I and 60% as NYHA II
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Figure 3. Mean New York Heart Association (NYHA) distribution over time following ViV TAVI with the
ACURATE neo?2 valve. All patients achieved NYHA class < II at 30-days and 1-year follow-up. Abbreviations:
NYHA: New York Heart Association

4. Discussion

This study represents a significant contribution to the growing body of evidence on the use of
the ACURATE neo2 valve in the ViV TAVI setting. While the AVENGER registry [13] has provided
valuable comparative data between ACURATE neo2 and Evolut in ViV TAVI, our study offers a
distinct perspective by evaluating ACURATE neo2 in a dedicated single-center, single-operator
setting. This controlled approach minimizes inter-operator variability and procedural heterogeneity,
thereby allowing for a more precise assessment of the valve’s technical performance, safety profile,
and short-to-mid-term hemodynamic outcomes.

Our findings confirm that ViV TAVI with ACURATE neo2 is associated with high technical
success and excellent hemodynamic performance, as reflected by a substantial and sustained
reduction in mean transvalvular gradients and a significant improvement in AVA. The supra-annular
leaflet design, a defining characteristic of self-expanding THVs [14], likely contributed to these
favorable hemodynamic outcomes by allowing for larger effective orifice areas (EOA) and mitigating
the risk of PPM, which remains a critical concern in the ViV setting, particularly in smaller surgical
bioprostheses [15], which in the VIVID (Valve-in-Valve International Data) registry were associated
with increased mortality after ViV procedure [16].

A key distinguishing feature of our study is the high rate of predilation, which is not generally
recommended in ViV TAVI due to concerns about acute severe aortic insufficiency and
haemodynamic instability [17]. Nevertheless, in our cohort, this strategy was employed
systematically, after the very first few cases, to optimize valve expansion and mitigate residual
gradients. Additionally, in 5 cases, a deliberate strategy of bioprosthetic valve fracture was performed
to enhance post-implantation valve function. This approach is increasingly recognized as a valuable
adjunct in cases with small true internal diameters, as it may facilitate a larger final valve area and
reduce post-procedural gradients [18-23].

Importantly, in one case, migration of the initially implanted ACURATE neo2 necessitated the
implantation of a second transcatheter valve, resulting in a successful valve-in-valve-in-valve (ViV-

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.2091.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 May 2025 d0i:10.20944/preprints202505.2091.v1

9 of 12

in-ViV) procedure. This finding underscores the feasibility of ViV-in-ViV as a bailout strategy in cases
of valve migration or suboptimal positioning, particularly in bioprosthetic valves with low internal
diameters or incomplete frame expansion. While ViV-in-ViV is not yet widely studied, its potential
to restore optimal hemodynamics without requiring surgical conversion warrants further
investigation.

From a safety standpoint, the absence of in-hospital mortality, myocardial infarction, major
vascular complications, or new pacemaker implantation underscores the procedural feasibility of
ACURATE neo2 in ViV TAVI. Another notable safety finding in this study was the absence of stroke
(0%), which may be attributed to the routine use of the SENTINEL cerebral protection system in all
patients. The SENTINEL device is designed to capture embolic debris that may arise during ViV
TAVI, particularly in cases requiring predilation, bioprosthetic valve fracture, or postdilation—
maneuvers that increase the risk of embolization. The complete prevention of clinically evident
strokes in our cohort underscores the potential role of systematic SENTINEL use in reducing
neurological complications, suggesting that embolic protection may be particularly beneficial in ViV
TAVI settings where pre-existing bioprosthetic calcification and debris fragmentation may pose an
increased risk of embolization [24]. These findings align with prior studies that have suggested a
protective effect of embolic protection devices, though larger trials are needed to confirm their impact
on neurocognitive outcomes [25-28].

The importance of careful preprocedural planning is further highlighted by the requirement for
PCI with chimney stenting in 5.5% of patients, owing to the risk of coronary obstruction, particularly
in patients with low coronary takeoff or externally mounted leaflets. The open-cell frame design of
ACURATE neo2 may provide an advantage in such cases, allowing for improved coronary access
and commissural alignment, thereby reducing the complexity of bailout coronary interventions [14].

The durability of hemodynamic improvements was evident at both 30-day and 1-year follow-
up, with stable gradients and AVA, as well as significant functional improvement reflected in NYHA
class. These findings suggest that ACURATE neo2 offers sustained clinical benefits beyond the peri-
procedural period. Given the increasing reliance on ViV TAVI as an alternative to redo surgery, long-
term durability data will be essential to establish the role of ACURATE neo2 in this patient
population.

While our study provides important insights, certain limitations should be acknowledged. The
single-center, single-operator nature of the study, while ensuring procedural consistency, may limit
external validity. Additionally, the absence of a comparator group precludes direct assessment of
ACURATE neo2 relative to other THVs in the ViV setting. Future multicenter studies, as well as head-
to-head comparisons, will be necessary to further delineate the optimal THV choice in this context.

5. Conclusions

This study reinforces the feasibility, safety, and hemodynamic efficacy of ACURATE neo2 in
ViV TAVI, with excellent short- and mid-term outcomes. The supra-annular design and open-cell
frame structure contribute to favorable hemodynamics, while the low incidence of conduction
disturbances and preserved coronary access are important procedural advantages. In the absence of
large-scale data, our findings provide valuable real-world insights into the performance of
ACURATE neo2 in a dedicated ViV TAVI setting. Further studies with long-term follow-up and
comparative analyses are warranted to refine patient and device selection for optimal outcomes in
this challenging patient population.
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