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Abstract

Aims: The VIVALL study aims to investigate the technical feasibility, safety and performance of the
ALLEGRA transcatheter heart valve (THV) for the treatment of failing surgical aortic valves (SAV).
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Methods and results: Thirty patients with failing SAV were investigated. An independent combined Data
Safety Monitoring-Clinical Events Committee (DSM-CEC) and core lab adjudicated adverse events, patient
safety and echocardiograms, respectively. Primary endpoints were invasive post-procedure mean pressure
gradient (performance) and 30-day survival (safety). Of the treated patients (78.6+6.0 years, 50% female,
STS score 4.5+2.1% and EuroSCORE 1II 9.2+4.3%), the majority (90%) had a small SAV (true inner dia-
meter <22 mm). Implantation was successful in all but one patient (96.7%). Overall, the invasively assessed
preoperative mean pressure gradient was significantly reduced from 37.1+13.3 mmHg to 11.6£3.7 mmHg.
At 30 days, all-cause mortality and new pacemaker implantation were both 0% and the effective orifice area
increased from 1.184+0.58 cm? at baseline to 1.4+0.52 cm?. Paravalvular regurgitation was “none or trace”
in 100% of the cases.

Conclusions: Transfemoral implantation of the ALLEGRA THYV is feasible and safe in patients with fail-
ing SAV. Haemodynamic outcomes and a 100% survival rate after 30 days suggest that the ALLEGRA
THV might be a valid option for valve-in-valve treatment.
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Abbreviations

CAD coronary artery disease

DSM-CEC Data Safety Monitoring-Clinical Events Committee
EOA effective orifice area

ITT intention-to-treat

PPM prosthesis-patient mismatch

SAVR surgical aortic valve replacement

TAVI transcatheter aortic valve implantation

THV transcatheter heart valve

VARC Valve Academic Research Consortium

Viv valve-in-valve

Introduction

Worldwide, more than 200,000 surgical aortic valve replacements
(SAVR) are performed annually. Typically, affected patients are
65 years and older. Due to a lower risk of bleeding and thrombotic
events and the desire to reduce anticoagulants, more and more bio-
prostheses are being used rather than mechanical valves'.

Nevertheless, these bioprosthetic valves fail due to the degener-
ative processes within 10 to 20 years>*. Structural valve deteriora-
tion can result from leaflet degeneration and failure, as evidenced
by valve stenosis, regurgitation, or a combination of both* In
the past, repeat surgical valve replacement has been the stand-
ard treatment for these patients. However, this patient population
may often be at high risk for further surgery due to their advanced
age and additional comorbidities. Also, “redo” cardiac surgery is
associated with an increased morbidity and mortality risk**.

Previously, this unmet clinical need led to off-label use implan-
tations of various transcatheter valve technologies for the treat-
ment of degenerated bioprosthetic surgical heart valves to avoid
redo open heart surgery>’!!.

Recently, numerous reports have suggested that minimally
invasive transcatheter aortic valve-in-valve implantation (ViV) is
a potential treatment option for patients with failing surgical bio-
prostheses at elevated surgical risk'>!®.

The first-in-human clinical studies with the ALLEGRA
transcatheter heart valve (THV) (New Valve Technology
GmbH, Hechingen, Germany) showed favourable results, with
a haemodynamic performance comparable to other CE-approved
THVs!718, Lately, the ViV function of the ALLEGRA was evalu-
ated in vitro (hydrodynamic testing) as well as in a small series
of ViV-TAVI (n=4), showing good hydrodynamic and haemo-
dynamic outcomes'®?’. Due to these favourable properties indi-
cating a potential role for this novel THV in ViV-TAVI, the
VIVALL study (ClinicalTrials.gov: NCT03287856) was initiated
to evaluate the clinical performance of the ALLEGRA for the
ViV indication.

Methods

STUDY DESIGN

The VIVALL study is a prospective, multicentre, single-arm study
with defined follow-ups after 30 days, 6 and 12 months. The
objective of the study is to investigate the technical feasibility of

implanting the ALLEGRA THYV into failing surgical bioprosthetic
aortic valves and to describe the safety and performance profiles.
The study complies with the Declaration of Helsinki and was
approved by all involved ethics committees and the local com-
petent authority. Patients were informed about the study details
and provided written informed consent prior to study participa-
tion. All data were adjudicated by an independent combined
Data Safety Monitoring-Clinical Events Committee (DSM-CEC)
and a core lab with regard to adverse events, patient safety and
echocardiograms, respectively. All eligibility criteria are shown in
Supplementary Table 1.

STUDY POPULATION

Thirty symptomatic patients with a failing surgical aortic bio-
prosthesis and increased surgical risk for a “redo” operation (as
assessed by the Heart Team) and candidates for a transcatheter aor-
tic valve implantation (TAVI) were enrolled at five German sites:
the University Heart Center Hamburg (n=22), the Heart Center
Brandenburg in Bernau & Brandenburg Medical School (n=4),
Segeberger Clinic, Heart Center (n=2), Asklepios Clinic St. Georg
(n=1) and the University Heart Surgery Clinic Halle (Saale) (n=1).

DEVICE AND VALVE IMPLANTATION

All patients underwent TAVI into failing surgical bioprostheses
with the ALLEGRA THV. The transfemoral ALLEGRA TAVI
system consists of the ALLEGRA THV with a trileaflet bovine
pericardial tissue valve and a self-expanding nitinol stent and
the ALLEGRA Delivery System TF. The main features of the
ALLEGRA TAVI System TF are (1) radiopaque markers on
both the ALLEGRA delivery system and the stent, which facili-
tate accurate placement during the procedure, (2) the Permaflow
technology that allows positioning and implantation without flow
obstruction and the need for rapid pacing, and (3) the ALLEGRA

THYV with a trileaflet bovine pericardial tissue valve.

STUDY ENDPOINTS AND ASSESSMENTS
Patients are assessed at baseline, procedure, discharge, 30 days, 6
and 12 months. The primary performance endpoint is postoperative
invasive mean pressure gradient (expected to be <20.8 mmHg);
the primary safety endpoint is 30-day survival (expected to be
>72.7%), both assessed in the intention-to-treat (ITT) population.
Secondary endpoints include technical implantation success,
assessments of New York Heart Association (NYHA) class and the
necessity for new pacemaker implantations. Additional endpoints,
including cardiovascular mortality, haemodynamic parameters and
early safety, were adjudicated according to the VARC-2 guide-
lines?’. An independent core lab (coreLab Black Forest GmbH,
Bad Krozingen, Germany) evaluated all echocardiographic assess-
ments (Supplementary Table 2).

STATISTICAL ANALYSIS
All recorded variables were analysed on a per visit basis and com-
pared with baseline values using appropriate descriptive summary



statistics (continuous and ranked data: sample size, mean, stand-
ard deviation, minimum, first quartile, median, third quartile,
maximum; categorical data: sample size, absolute and relative
frequency).

The descriptive statistics of a variable were calculated for
each visit and for each defined change. Changes were calculated
as differences for each visit relative to screening/pre-treatment
value only.

For the success of the study, two null hypotheses had to be
rejected. The primary performance endpoint - invasively meas-
ured postoperative mean pressure gradient - was evaluated for
pooled data as described above, except that postoperative data of
eligible patients without a successful ALLEGRA THV implan-
tation were substituted with the preoperative values. We used
a one-sample t-test with an HO >20.8 mmHg mean pressure
gradient. The HO of the primary safety endpoint was “30-day
survival” >72.8% and tested by the lower one-sided Clopper-
Pearson confidence interval, corresponding to a lower one-sided
chi-square (y?) test. The critical alpha level was one-sided 5%.
Both tests had to be successful; therefore, adjustment for multi-
ple testing was necessary. The analysis was pre-specified in the
clinical investigation plan (CIP) and the statistical analysis plan
(SAP). All statistical analyses were performed using SAS 9.4
(SAS Institute, Cary, NC, USA).

Results

PATIENTS

Between August 2017 and September 2018, 30 patients were
treated with the transfemoral ALLEGRA THV. Patient demo-
graphics and baseline data are shown in Table 1. Mean age was
78.6%6.0 years, 50% were female and 80% were severely symp-
tomatic in NYHA Class III or IV. EuroSCORE 1I and STS score
were 9.244.3% and 4.54+2.1%, respectively. Coronary artery dis-
case (CAD, with stenosis >50% and/or previous myocardial
infarction) was present in 53.3% of patients. Also, 53.3% had
atrial fibrillation or atrial flutter and conduction disturbances (left
bundle branch block [LBBB]/right bundle branch block [RBBB]
and atrioventricular [AV] block), and 100% of the patients suf-
fered from arterial hypertension.

Surgical bioprosthesis dysfunction modes included stenosis
(33.3%), insufficiency (33.3%), and combined stenosis and insuf-
ficiency (33.3%). The majority of the failing surgical valves were
Mitroflow (Sorin Group USA Inc., Arvada, CO, USA) (43.3%),
and 80.0% of the surgical bioprostheses had a true inner diameter
of <21 mm. The characteristics of the surgical valves are summa-
rised in Supplementary Table 3.

PROCEDURAL RESULTS

The ALLEGRA THV was successfully implanted in 96.6% (29)
of the patients. In one case, the ALLEGRA THV migrated into the
aorta, resulting in severe paravalvular regurgitation and haemo-
dynamic instability requiring subsequent implantation of an
Evolut™ R valve (Medtronic, Minneapolis, MN, USA). In three

VIVALL 30-day data

Tahle 1. Patient demographics (n=30).

Age (years) 78.6+6.0

Male 50.0% (15)
NYHA Class I1/1V 80.0% (24)
Coronary artery stenosis >50% 43.3% (13)

Angina pectoris (stable) 6.7% (2)
Previous myocardial infarction 16.7% (5)
Previous cardiac decompensation 30.0% (9)
Pulmonary hypertension 23.3% (7)
Remote endocarditis 10.0% (3)
Atrial fibrillation or flutter 36.7% (11)
LBBB/RBBB 13.3% (4)
Previous stroke 10.0% (3)
Previous TIA 3.3% (1)
Porcelain aorta 6.7% (2)
COPD 10.0% (3)
Chronic renal insufficiency 36.7% (11)
Cancer/malignant tumour 23.3% (7)
Diabetes type 2 13.3% (4)

100.0% (30)
56.7% (17)
36.7% (11)
53.3% (16)

Arterial hypertension

Hyperlipidaemia/hypercholesterolaemia

Previous PTCA/stenting
Previous CABG

Peripheral artery disease 10,0% (3)
Previous PTA/stent 23.3% (7)
Permanent pacemaker 13.3% (4)

Bioprosthesis | Insufficiency 33.3% (10)

disease Stenosis 33.3% (10)
Mixed 33.3% (10)

EuroSCORE I1 (%) 9.2+4.3

STS score (%) 4.5+2.1

Data shown in percentages (n) or mean+standard deviation.

COPD: chronic obstructive pulmonary disease; LBBB: left bundle branch
block; NYHA: New York Heart Association; PTA: percutaneous
transluminal angioplasty; PTCA: percutaneous transluminal coronary
angioplasty; RBBB: right bundle branch block; STS: Society of Thoracic
Surgeons; TIA: transient ischaemic attack

patients (10%), the ALLEGRA THV was retrieved, reloaded and
successfully implanted. In 90% (27) of the study population,
a 23 mm ALLEGRA THV was used and in 10% (3) a 27 mm
THV. Predilatation and post-dilatation were performed in 6.7%
and 56.7% of the cases, respectively (Table 2). The invasively
measured preprocedural mean pressure gradient was reduced from
37.1+13.3 mmHg to 11.64+3.7 mmHg post procedure in the per-pro-
tocol analysis (Figure 1A). For the conservative analysis of the pri-
mary performance endpoint, the postoperative value of one patient
without a successful ALLEGRA THV implantation was substi-
tuted with the preoperative value, leading to an invasively assessed
post-procedural mean pressure gradient of 12.4+5.8 mmHg. Eight
patients showed a severe patient-prosthesis mismatch (PPM)
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Table 2. Procedural data (n=30).

Procedural success 96.6% (29)
Predilatation 6.7% (2)
Post-dilatation 56.7% (17)
ALLEGRA THYV retrieved 10.0% (3)
Second TAVI implanted 3.3% (1)
Invasive postoperative mean PG (mmHg) 11.6+3.7
Fluoroscopy time (min) 24.7+£9.8
Volume contrast medium (ml) 131.9+52.0
ALLEGRA THV size 23 mm 90.0% (27)
27 mm 10.0% (3)
Data shown in percentages (n) or meanzstandard deviation.
PG: pressure gradient

(indexed effective orifice area [EOAi] <0.65 cm?m?) at dis-
charge, resulting in an overall device success rate of 60% (18).
Nevertheless, subgroup analysis according to the multislice com-
puted tomography (MSCT) perimeter-derived inner diameter
(ID: >22 mm, >21 mm, <21 mm->20 mm, <20 mm->19 mm,
<19 mm) (Supplementary Figure 1A) showed similar acute inva-
sive haemodynamic improvements, especially in the very small
bioprostheses (Supplementary Figure 1B), as well as acceptable
echocardiographic haemodynamics at discharge and after 30 days
(Supplementary Figure 2A-Supplementary Figure 2C).
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Figure 1. Valve haemodynamics. A) Invasive mean gradient before
and after ALLEGRA THV implantation. B) Echocardiographic mean
aortic gradient across the bioprostheses and mean effective orifice
area (EOA) at baseline, discharge and 30 days.

THIRTY-DAY OUTCOMES

Twenty-eight patients underwent the 30-day follow-up. One
patient missed the visit and the patient who received the second
TAVI was followed up via a safety follow-up, assessing only seri-
ous adverse events. Early safety was achieved in 93.3% (28) of
the patients. The thirty-day data are outlined in Table 3. The sur-
vival rate was 100% (primary safety endpoint) and there was no
stroke, no life-threatening or major bleeding and no myocardial
infarction. More than half of the patients (56%) were treated with
cerebral embolic protection devices (Sentinel® Cerebral Protection
System; Claret Medical, Inc., Santa Rosa, CA, USA) during the
ViV implantation. Minor bleedings were observed in 16.7% (5)
and major vascular complications in 3.3% (1) with one dissection
of the iliac artery during the procedure. Acute kidney injury (AKI)
stage 1 was observed in 3.3% (1) of the patients.

Tahle 3. Thirty-day outcomes (n=30).

All-cause mortality 0.0% (0)
All stroke 0.0% (0)
Life-threatening bleeding 0.0% (0)
Major bleeding 0.0% (0)
Minor bleeding 16.7% (5)
Myocardial infarction 0.0% (0)
AKI stage 1 3.3% (1)
AKI stage 2 0.0% (0)
AKI stage 3 0.0% (0)
Coronary artery obstruction requiring intervention 0.0% (0)
Major vascular complication 3.3% (1)
Structural valve deterioration 0.0% (0)
Valve-related dysfunction 0.0% (0)
Prosthetic valve endocarditis 0.0% (0)
Prosthetic valve thrombosis 3.3% (1)
New pacemaker implantation 0.0% (0)
Data shown in percentages (n) or meanzstandard deviation. AKI: acute
kidney injury

Echocardiographic measurements demonstrated a consistent
decrease of the mean gradient across the aortic valve from
30.6+£12.6 mmHg at baseline to 16.146.4 mmHg and
14.846.5 mmHg at discharge and after 30 days, respectively,
whereas the effective orifice area (EOA) increased to
1.46+0.53 cm? and 1.40+0.52 cm’ at discharge and 30 days,
respectively, compared to 1.18+0.58 ¢cm? at baseline (Figure 1B).
Likewise, mean EOAi improved from baseline to discharge and
30 days from 0.64+0.31 cm*m?to 0.78+0.25 and 0.75+0.25 cm?/m?,
respectively.

There was one case (3.3%) with evidence of subclinical pros-
thetic valve thrombosis after 23 days under treatment with rivar-
oxaban, which was detected during the standard echo examination
at the 30-day follow-up visit. The patient was without symptoms,
and mean pressure gradients at discharge and 30 days (19 mmHg



and 15 mmHg, respectively) were without clear pathological find-
ings when compared with 30 mmHg at baseline. The patient was
readmitted to hospital and discharged four days later without
symptoms after a change to oral anticoagulation. No prosthetic
valve endocarditis and no implantation of a new permanent pace-
maker was reported. No mild, moderate or severe paravalvular
regurgitation assessed by echocardiography (evaluated by a core
lab) was detected (Figure 2). Implantation of the ALLEGRA THV
was associated with an improvement in NYHA class, with 28.6%
of patients being in NYHA Class III and IV compared to 79.3% at
baseline (Figure 3).

% 1001
m None/Trace

Mild
m Moderate
Severe

Discharge 30 days
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Figure 2. Paravalvular regurgitation at discharge and 30 days.

% 100 7
13.8% - . |
I
80
m |l
60 IV
621% 32.1%
40 1
201 39.3%
11.2% 20.7%
0 3.4% . .
Baseline Discharge 30 days
(n=29) (n=29) (n=28)

Figure 3. NYHA class at baseline, discharge and 30 days.

Discussion

This study reports the 30-day outcomes of 30 patients with fail-
ing aortic bioprostheses undergoing ViV treatment with the self-
expanding ALLEGRA THV within the scope of the prospective,
multicentre, single-arm VIVALL study.

Even though the STS score suggests an intermediate risk for
the VIVALL population (4.5+2.1%), it is worth noting that 90%
of the patients were treated with a 23 mm ALLEGRA THV due
to the small inner diameters of the surgical bioprostheses, which
represents a remarkably high percentage when compared to other
published studies!!>16.

In fact, 80.0% of the surgical valves had an inner diameter of
<21 mm and 23.3% of <19 mm. Only four patients had a surgi-
cal bioprosthesis labelled with 25 mm or 27 mm outer diameter
(Supplementary Figure 1A). Moreover, 43% of the surgical

VIVALL 30-day data

bioprostheses in the study population were Mitroflow and 6.7%
were Mosaic® (Medtronic) prostheses with well-known very small
inner diameters.

Small bioprostheses commonly present higher gradients, even
in the absence of structural degeneration, and smaller EOAs?. In
addition, published data suggest that surgical bioprostheses with
externally mounted leaflets and devices with a small inner dia-
meter display an elevated risk for mortality, coronary obstructions
and increased gradients across the bioprosthesis after ViV treat-
ment'"?, suggesting that the VIVALL study population represents
a challenging group of patients.

Initial malposition occurred in four patients (13.3%), which
is comparable to what has been previously reported in the
VIVID valve-in-valve registry'®. In one patient, an Evolut R
was implanted (3.3%), whereas in the other three cases the
ALLEGRA THV was retrieved and subsequently implanted in
the correct position, resulting in an overall procedural success
rate of 96.7%.

The combined secondary endpoint of technical implantation
success was achieved in 60% of the patients. At first sight this
number looks low but was mostly caused by eight patients with
calculated severe PPM (EOAi <0.65 cm?/m?) and an additional
two cases in which the EOAI calculation was only based on con-
tinuous-wave (CW) Doppler. These were therefore considered as
failure in order to be conservative in the analysis. Nevertheless,
mean gradients in these eight cases ranged between 5 and
16 mmHg. Low EOAI values were however expected, consid-
ering the high number of surgical valves with very small inner
diameters. Interestingly, invasive acute outcomes were similar
between subgroups depending on their inner diameter derived
from MSCT (Supplementary Figure 1B). In addition, 10 patients
(33.3%) had stenotic surgical valves and 10 patients (33.3%)
had a mixed failure mode, a condition linked to pannus forma-
tion usually resulting in higher gradients after ViV treatment.
Hence, the mean EOAI in the study population increased from
0.64+0.31 cm?*m? at baseline to 0.78+0.25 cm?*m? at discharge
after implantation of the ALLEGRA THV.

Notably, the survival rate at 30 days was 100%; no coronary
obstruction was detected. Mean gradients at discharge and at
30 days as assessed by an independent echocardiographic core lab
(16.1£6.4 mmHg and 14.8+6.5 mmHg, respectively) and evalu-
ated invasively post procedure (11.6+3.7 mmHg) were low for
ViV procedures, albeit higher than those seen after TAVI in native
aortic valves with the ALLEGRA THV!"!182* due to the smaller
inner diameter of the surgical bioprosthetic valves.

In summary, the data of the VIVALL study demonstrate that
treatment of even small surgical prosthetic valves with the self-
expanding ALLEGRA THYV is feasible and safe and is associated
with good haemodynamic and clinical outcomes. To the best of
our knowledge, this study reports the lowest rates for mortality
(0%), paravalvular regurgitation (all evaluated as none or trace)
and implantation of new pacemakers (0%) after 30 days in a ViV
environment that have been published so far.
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Limitations

This study is a non-randomised single-arm study evaluating TAVI
with the ALLEGRA THV System TF in a relatively small num-
ber of patients with failing surgical aortic bioprosthetic valves.
Although five centres recruited patients, the majority of patients
(73.3%) were enrolled at just one site. Subgroup analysis indicates
promising haemodynamics after ViV with the ALLEGRA THYV;
however, robust conclusions cannot be made due to the small sizes

of the individual groups.

Conclusions

The 30-day data of the VIVALL study show that the self-expand-
ing ALLEGRA THYV can be safely implanted in degenerated sur-
gical bioprostheses, even in those with very small inner diameters,
resulting in favourable haemodynamic results and an extremely
low rate of paravalvular regurgitation. The particular valve design
appears to be an appealing concept for patients for a valve-in-
valve treatment in failing surgical aortic bioprostheses.

Impact on daily practice

Many patients with a failing surgical bioprosthesis have an
increased risk for surgical reoperation because of advanced
age and additional comorbidities. It is expected that the num-
ber of failing surgical bioprostheses will increase significantly
in the coming years. TAVI systems with beneficial haemody-
namics and proven safety outcomes, such as the ALLEGRA
THV System TF, might be of significant benefit to spare elderly
patients from redo open heart surgery.
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Supplementary data
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Supplementary Figure 1A. Distribution of the treated surgical bioprostheses according to
the MSCT-derived inner diameter (ID by perimeter: >22 mm, >21 mm, >21 mm - <22 mm,
>20 mm - <21 mm, >19 mm - <20 mm, <19 mm).
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Supplementary Figure 1B. Invasive mean gradient before and after ViV according to the
MSCT-derived inner diameter (1D by perimeter: >22 mm, >21 mm, >21 mm - <22 mm, >20
mm - <21 mm, >19 mm - <20 mm, <19 mm).
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Supplementary Figure 2A. Echocardiographic mean gradient before ViV, at discharge and
30 days after ViV according to the MSCT-derived inner diameter (ID by perimeter: >22 mm,
>21 mm, <21 mm - >20 mm, <20 mm - >19 mm, <19 mm).



Echo EOA
baseline discharge 30d FU

O_ | | | |

| 1
CELELELELELLELELELELELLLLLLL
R R N R RIS IR

Lol S
0 VR A e AV P

<

N

PA

LON S VOVN S OO0 N O
PIELEA IS ASLEA

AN
NN LO0 PO

Supplementary Figure 2B. Echocardiographic effective orifice area (EOA) before ViV, at
discharge and 30 days after ViV according to the MSCT-derived inner diameter (ID by
perimeter: >22 mm, >21 mm, <21 mm - >20 mm, <20 mm - >19 mm, <19 mm).
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Supplementary Figure 2C. Echocardiographic indexed effective orifice area (EOAI) before
ViV, at discharge and 30 days after ViV according to the MSCT-derived inner diameter (ID
by perimeter: >22 mm, >21 mm, <21 mm - >20 mm, <20 mm - >19 mm, <19 mm).



Supplementary Table 1. VIVALL inclusion and exclusion criteria.

1.
2.

w

N O ES

>18 years

Symptomatic degeneration of aortic bioprosthesis showing an echocardiographically mean aortic gradient >40
mmHg or peak jet velocity >4.0 m/s and AVA <1.0 cm? OR symptomatic patients with severe bioprosthetic
valve insufficiency.

High risk for redo surgery defined by STS >10%/EuroSCORE II >7% OR as assessed by the Heart Team

Has signed the patient informed consent form
Willing and able to comply with requirements of the study, including all follow-up visits

Female patients of childbearing potential have a negative pregnancy test <7 days before the procedure and are
willing to use a reliable method of birth control for the duration of study participation

Exclusion criteria

1.
2.

3.

Low position of the coronary ostia, especially in combination with shallow sinuses
Echocardiographic evidence of intracardiac mass, thrombus or vegetation

Significant aortic disease such as severe obstructive calcification or marked tortuosity or kinking which will
preclude a safe advancement of the ALLEGRA TAVI System TF

lliofemoral vessel conditions such as severe obstructive calcification, severe tortuosity or kinking that would
preclude safe placement of an 18 Fr introducer sheath or make endovascular access to the aortic valve
impossible

Severe mitral insufficiency

Internal diameter of the bioprosthesis is <16 mm or >28 mm

Patient-prosthesis mismatch (EOAi <0.65 cm?/m?) as the underlying cause of the poor valve function and need
for reintervention

Non-valvular stenosis as the underlying cause of the poor valve function and need for reintervention

Failing pre-existing prosthetic heart valve or prosthetic ring in any other position than aortic

. Partially detached leaflets that in the aortic position may obstruct a coronary ostium.
. Existence of aortic conduit, aortic arch replacement, stentless bioprosthesis and autologous valve replacement

. Paravalvular leak of the failing surgical bioprosthesis (between failing surgical bioprosthesis and native

annulus)

. LVEF <20%
. Evidence of active endocarditis or other acute infections
. End-stage renal disease requiring chronic dialysis or creatinine clearance <20 ml/min or serum creatinine >3.0

mg/dl (264 umol/l)

. Known hypersensitivity to contrast media, which cannot be adequately pre-medicated or contraindication to

anticoaqulant or antiplatelet medication or to nitinol allov or to bovine tissue

. Evidence of an acute myocardial infarction within the past 30 days

. Cerebral vascular accident (TIA, stroke) within past 6 months (<180 days)

. Evidence of active peptic ulcer or upper gastrointestinal bleeding within past 90 days

. Untreated clinically significant coronary artery disease requiring revascularisation

. Haemodynamic instability (e.g., cardiogenic shock) requiring inotropic support or mechanical heart assistance

(e.g., VAD, IABP)

. Uncontrolled (therapy resistant) atrial fibrillation

. Need for emergency surgery for any reason

. Life expectancy <12 months due to other medical illness

. Currently participating in another investigational drug or device study




Supplementary Table 2. Data requirement of the echocardiography core lab and
principles for assessing the severity of bioprosthetic failure, preprocedural and post-
procedural gradients and EOA. calculation.

Echocardiography acquisition guidelines

Data requirements

e Peak LVOT velocity (V1) by PW Doppler

e Mean LVOT gradient (MGV1) by PW Doppler

e Velocity time integral of LVOT velocity (VTI1) by PW Doppler

e Max aortic valve prosthesis velocity (V2) by CW Doppler

e  Peak pressure gradient across the aortic valve prosthesis (PMAX) by CW Doppler
e Mean gradient across aortic valve prosthesis (MGV2) by CW Doppler

o Velocity time integral across the aortic valve prosthesis (VTI2) by CW Doppler

CEINT3 LR RT3

e  Grade of aortic transvalvular regurgitation (“trace”, “mild”, “moderate”, “severe”
e  Grade of aortic paravalvular regurgitation (“trace”, “mild”, “moderate”, “severe”
e Left ventricular outflow tract (LVOT) diameter

e Left ventricular end-diastolic diameter (LVEDD)

e Left ventricular end-systolic diameter (LVESD)

e Left ventricular ejection fraction by visual estimate

Derived parameters from data (by core lab)

e Peak velocity ratio (V1/V2)

e Velocity time integral ratio (VTIL/VTI2)

o Effective orifice area (EOA=LVOT-Diameter? x 0.785 x (VTI1/VTI2))

e  Effective orifice area index (EOAI=EOA/BSA) (BSA = body surface area)

Assessment of aortic regurgitation

The degree of the aortic regurgitation will be graded as none, trace, mild, moderate, severe. “Trace” is used
where regurgitation is barely detectable by colour Doppler.

Parameters for evaluation of the severity of prosthetic aortic valve regurgitation

mild moderate severe
Semiquantitative parameters
Jet width in central jets (% LVOT diameter) narrow (<25%) intermediate (26%-64%) large (>65%)
Jet density: CW Doppler incomplete or faint dense dense
Pressure half-time (ms): CW Doppler slow (>500) variable (200-500) steep (<200)
Diastolic flow reversal in descending aorta: PW Doppler  absent or brief early diastolic  intermediate prominent, holodiastolic
Circumferential extent of paravalvular regurgitation (%) <10% 10% - 29% >30%
Quantitative parameters
Regurgitant volume (ml/beat) <30 ml 30-59 mi >60 ml
Regurgitant fraction (%) <30% 30 - 49% >50%

Effective regurgitant orifice area (cm?) <0.1 cm? 0.1-0.29 cm? >0.3 cm?



Supplementary Table 3. Types and sizes of treated surgical valves; individual

preprocedural haemodynamics measured invasively and by echocardiography.

Patient | Valve type zﬁrl:w/; e Enmnne]r) cli\ila}snée_lt_er E%i:juere E:?né}in?gségag tI;/ell(sa:Ir:nPeG rr:\?ars)ir\c/)g %ﬂ(l; *
(mmHg) Echo | (mmHg)
1 Mitroflow |23 19.8 M 0.53 25 55
2 Mitroflow |21 19.3 M 0.52 44 47
3 Mitroflow |23 20.5 I 0.86 23 23
4 CE SAV 23 21 I 0.7 25 36
5 Mitroflow |21 18.5 I 0.55 24 24
6 Mitroflow |23 20.2 S 0.64 42 53
7 Perimount |25 23.8 S 0.62 24 36
8 CE SAV 21 194 S 0.39 38 32
9 Hancock 23 20.4 S 0.47 42 43
10 Hancock Il |27 24.6 [ 1.06 18 32
11 Mitroflow 21 18.2 | 1.55 14 9
12 Perimount |23 19.8 M 0.52 35 40
13 Hancock 25 21.3 M 0.49 44 57
14 Mitroflow |21 17.8 M 0.34 42 37
15 Magna Ease |23 20.4 S 0.46 42 54
16 Mitroflow |21 18.6 M 0.41 40 21
Hancock 11

17 ultra 25 22.5 | 1.35 15 23
18 Hancock 23 20 M 0.53 61 29
19 Mitroflow |21 18.5 S 0.4 48 57
20 Mitroflow 23 19.4 M 0.79 22 40
21 Perimount |23 20.1 S 0.73 23 57
22 Mitroflow |23 20.5 | 0.9 24 24
23 Mosaic 21 17 M 0.68 30 38
24 Magna Ease |23 21 | 0.57 15 23
25 Hancock Il |23 20.2 | 0.76 13 23
26 CE SAV 23 21.2 M 0.73 27 30
27 Mosaic 23 18.1 S 0.28 39 37
28 Mitroflow |23 21 S 0.22 39 51
29 Mitroflow |21 19.1 S 0.28 37 54
30 Perimount |23 21.3 I 0.91 20 28

EOA.: indexed effective orifice area; I: insufficient; M: mixed; PG: pressure gradient; S: stenotic
LVOT velocity for EOAI calculation estimated based on CW Doppler




