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Abstract

Aims: The REPRISE 1IE trial aimed to evaluate outcomes following transcatheter aortic valve implantation
of the fully repositionable and retrievable LOTUS valve with a unique seal designed to minimise paraval-
vular leak (PVL).
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Methods and results: This prospective, multicentre study enrolled 250 patients with severe aortic ste-
nosis considered high-risk for surgery by a multidisciplinary Heart Team. An independent clinical events
committee adjudicated events per Valve Academic Research Consortium criteria. Mean age was 84 years;
77% were in NYHA Class I1I/IV. LOTUS valve implantation produced significant haemodynamic improve-
ments at one year without valve embolisation, ectopic valve deployment, or additional valve implantation.
Primary endpoints were met as the 30-day mortality rate in the extended cohort (4.4%, N=250), and mean
valve gradient in the main cohort (11.5+5.2 mmHg, N=120) were below (p<0.001) their predefined perfor-
mance objectives. At 30 days, disabling stroke was 2.8% and new pacemaker implantation was 28.9% in
all patients and 32.0% in pacemaker-naive patients. By one year, all-cause mortality was 11.6%, disabling
stroke was 3.6%, 95% of patients alive were in NYHA Class I/II, and there was no core laboratory-adjudi-

cated moderate/severe PVL.

Conclusions: LOTUS valve implantation produced good valve haemodynamics, minimal PVL, sustained

significant improvement in functional status, and good clinical outcomes one year post implant.
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Abbreviations

CEC clinical events committee
ITT intent-to-treat

NYHA  New York Heart Association
PPM permanent pacemaker

PVL paravalvular leak

SF-12  12-item short form health survey

STS Society of Thoracic Surgeons

TAVI transcatheter aortic valve implantation
TTE transthoracic echocardiography

VARC  Valve Academic Research Consortium

Introduction

Transcatheter aortic valve implantation (TAVI) has become a well-
established treatment for symptomatic severe aortic stenosis in
poor surgical candidates, but first-generation valves have faced
limitations with optimal positioning and post-procedure paraval-
vular leak (PVL). The LOTUS™ valve system (Boston Scientific,
Marlborough, MA, USA) incorporates several features intended
to address these challenges. The valve is repositionable and fully
retrievable with a unique adaptive seal designed to minimise PVL.
In the 120-patient main cohort of the CE-mark REPRISE 1I trial,
all-cause mortality was 4.2% at 30 days' and 10.9% at one year>. By
independent core lab analysis, one patient had moderate and none
had severe PVL at 30 days; 88.6% had none/trivial PVL at one year.
To gain additional safety/effectiveness data, the study was expanded
to enrol 130 more high-risk patients under the same protocol. We
describe 30-day and one-year outcomes in the combined 250-patient
REPRISE II trial with extended cohort (REPRISE IIE), which com-
prises the largest one-year LOTUS valve data set published to date.

Editorial, see page 777

Methods
The REPRISE II study design and methods have been described
previously' and are summarised below.

STUDY DESIGN

Patients were confirmed eligible by an independent case review
committee. The primary device performance endpoint was 30-day
mean aortic valve pressure gradient in the main cohort (N=120),
as assessed by an independent core laboratory, and was compared
to a pre-specified performance goal of 18 mmHg. The primary
safety endpoint, 30-day all-cause mortality, was assessed in the
full cohort (N=250) and compared to a pre-specified performance
goal of 16%. Additional endpoint definitions, pre-specified follow-
up measurements based on Valve Academic Research Consortium
(VARC) metrics®, and core laboratories have been published previ-
ously'. The study complied with the principles of the Declaration
of Helsinki and all local and country-specific regulations. Ethics
committees approved the study; all patients (or guardians) pro-
vided informed written consent before any study-specific tests or
procedures. The study is registered at ClinicalTrials.gov (identifier
NCT01627691).

TAVI with LOTUS valve in 250 patients

STUDY DEVICE

The LOTUS Aortic Valve Replacement System (Boston Scientific)
includes a braided nitinol wire frame with three bovine peri-
cardial leaflets premounted on a preshaped delivery catheter and
deployed via controlled mechanical expansion. The valve may
be repositioned or fully retrieved at any point prior to uncou-
pling and release. A polymer membrane (Adaptive Seal™; Boston
Scientific) surrounds the lower half of the valve and is designed to
minimise PVL. Two valve sizes, 23 mm and 27 mm, were avail-

able in this study.

STUDY PROCEDURES

Detailed procedural descriptions, including retrieval to change
a valve size, have been published previously'“. All implantations
were performed via retrograde delivery through the femoral artery;
balloon valvuloplasty was mandated before LOTUS Valve System
insertion. After TAVI, patients were treated with aspirin and
a thienopyridine for >1 month; daily aspirin was recommended
indefinitely thereafter as per local standard of care.

Clinical follow-up after discharge was scheduled at one, three,
six, and 12 months and annually from two to five years. Before and
after TAVI, neurological assessments were performed by qualified
personnel for all patients. Health status was evaluated at baseline,
one and six months, and at one, three, and five years using the
EQ-5D quality of life and 12-item short form health survey (SF-
12) questionnaires®. Independent data assessments were provided
by core laboratories. An independent clinical events committee
(CEC) including cardiothoracic surgeons, interventional cardio-
logists, and a neurologist adjudicated adverse events.

STATISTICAL METHODS

The primary device performance endpoint was compared to
a predefined performance goal of 18 mmHg, as described previ-
ously'. The 30-day mortality rate was compared, using data from
the intent-to-treat (ITT) analysis set of the combined trial cohorts
(N=250), to a predefined performance goal of 16% (9.8% expected
rate plus 6.2% test margin) based on published outcomes with
the CoreValve® (Medtronic, Dublin, Ireland) and SAPIEN valve
(Edwards Lifesciences, Irvine, CA, USA). The study had 80%
power to conclude that the primary safety endpoint was met if the
one-sided upper 97.5% confidence bound of the observed 30-day
mortality rate was <16% with a one-sample z-test p-value <0.025.
Additional statistical methods have been described previously'.

Results

PATIENTS

Figure 1 shows patient flow. Two patients did not receive a LOTUS
valve during the index procedure because of procedural complica-
tions prior to attempted valve implantation. One of them under-
went successful LOTUS valve implantation 42 days later during
a second TAVI procedure. Thus, the as-treated analysis popula-
tion included 249 patients. Table 1 shows baseline characteris-
tics. While the mean STS score was 6.5+4.2% (median score: 5.5,
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1-year TTE assessment: N=190

Figure 1. Patient flow to one year: There were 250 patients enrolled between October 2012 and April 2014.at 20 centres in Australia and
Europe in the combined REPRISE Il main (N=120) and extended cohorts. In two patients, a LOTUS valve was not implanted during the index
procedure because of procedural complications, one of these two patients underwent successful implantation of a LOTUS valve during

a second TAVI procedure conducted 42 days later. TAVI: transcatheter aortic valve implantation; TTE: transthoracic echocardiography

Table 1. Baseline patient characteristics, frailty assessments, and
echocardiographic assessments.

Intent-to-treat
population (N=250)

Measure

Patient characteristics (N=250)
Age, years

84.0+5.2 (250)
52.4 (131)
6.5+4.2 (250)
6.4+6.2 (250)

Female
STS score (v2.73), %
EuroSCORE 2011, %

Diabetes mellitus, medically treated 24.0 (60)
NYHA Class Il or IV 77.2 (193)
Atrial fibrillation, history 37.2 (93)
Baseline right bundle branch block 12.0 (30)
Baseline left bundle branch block 5.6 (14)

Baseline 1%t degree atrioventricular block 18.1 (45)
Permanent pacemaker at baseline 9.6 (24)

Frailty assessments (N=250)

5-m speed (s, frail if >6) 8.6+5.3 (236)
21.1+11.5 (246)
5.7+0.8 (247)
3.5x1.4 (244)

Grip strength — maximal (kg, frail if <18)
Katz index (frail if <6)

Mini-cognitive assessment for dementia (frail
if <4)

Aortic valve area (effective orifice area), cm? 0.7+0.2 (201)
45.4+13.8 (216)
13.1 (29)

Mean aortic valve gradient, mmHg

Aortic regurgitation — moderate or severe

Values are meanzstandard deviation (n) or % (n).

range 1.4 to 30.0), 87% of patients had >1 and 59% had two frailty
measures above threshold.

PROCEDURAL OUTCOMES

Procedural outcomes are shown in Table 2. Post-dilatation was not
recommended and was not performed in any patient. Of 13 patients
with valve retrieval, eight (3.2% of 250 enrolled patients) were the
result of a change of valve size (all replacement of a 23 mm valve
with a 27 mm valve). There was no valve migration, embolisa-
tion, ectopic valve deployment, or TAV-in-TAV deployment. The
VARC 2 metrics for mean gradient (<20 mmHg), peak velocity
<3 m/s), and PVL (no moderate/severe) were each met in >95%
of patients with evaluable discharge echocardiograms. There were
11 (4.4%) patients who had a mean gradient >20 mmHg at dis-
charge/seven days (Table 2). Of these, six had Doppler velocity
indices (DVI) >0.35 suggesting that valve function was normal
despite the elevated gradient, four had DVI between 0.25 and 0.35
consistent with mild prosthetic valve dysfunction, and one patient
did not have DVI measured. In the four patients with DVI at dis-
charge/seven days between 0.25 and 0.35, all subsequent echocar-
diograms available to date (including minimum echocardiograms
at 30 days, three months, six months and 12 months) showed DVI
>0.35 consistent with normal valve function. The one patient who
did not have DVI measured at discharge/seven days did not have
another echocardiogram performed until the one-year follow-up
visit. DVI was 0.3 at one year and 0.56 at two years (the last avail-
able echocardiogram to date), suggesting normal valve function at
two years. The angiographic core lab reported that there was no
significant frame deformation in any of these 11 cases.



Table 2. Procedural outcomes.

Intent-to-treat
population
(N=250)

Measure

Device performance

Successful access, delivery, deployment, system

retrieval @ 98.8 (247)

Successful valve repositioning, if attempted © 100 (85/85)

Successful valve retrieval (defined as complete
resheathing of the LOTUS valve in the catheter
and removal from the body), if attempted 2

92.3 (12/13)

Aortic valve malpositioning 0.0 (0)
Valve migration 0.0 (0)
Valve embolisation 0.0 (0)
Ectopic valve deployment 0.0 (0)
TAV-in-TAV deployment 0.0 (0)

Device success — VARC-2 metrics

Absence of procedural mortality 98.4 (246)

Correct positioning of 1 valve in proper location

during index procedure Sal s

95.0 (209/220)
Peak velocity <3 m/s ¢ 94.6 (209/221)
Indexed EOA >0.85 cm?/m? (>0.7 for BMI >30)¢| 61.4 (102/166)

No moderate/severe prosthetic aortic valve
regurgitation ¢

Mean aortic valve gradient <20 mmHg ¢

98.2 (215/219)

54.5% (96/176)

Values are % (n), n, or % (n/N). Data are for the intent-to-treat
population (N=250). 2 In 2 patients, intraprocedural complications
resulted in cardiac tamponade and death. In 1 patient, the valve was
successfully removed but with incomplete retraction (considered an
unsuccessful retrieval per protocol); this patient underwent successful
implantation of a LOTUS valve during a second TAVI procedure
conducted 42 days later. ® Data are for the last valve attempted. ¢ At
discharge or 7 days. ¢ Most (10/11) patients with a mean gradient
>20 mmHg post procedure received a 23 mm valve.

All of the above parameters

PRIMARY ENDPOINTS

The primary device performance endpoint was met, as the 30-day
mean aortic valve gradient among main cohort patients was
11.5+5.2 mmHg with a one-sided 98.7% upper confidence bound
of 12.6 mmHg, significantly below (p<0.001) the performance
goal of 18 mmHg'. In the 250-patient ITT analysis set, all-cause
mortality at 30 days was 4.4% with a one-sided 97.5% upper con-
fidence bound of 6.97%, which was below the performance goal
of 16.0% (p<0.001). Thus, the primary safety endpoint was met.

VALVE PERFORMANCE AND ADDITIONAL MEASUREMENTS

Valve performance data are shown in Figure 2. Mean values for
aortic gradient and effective orifice area, as determined by inde-
pendent core lab analyses of transthoracic echocardiography
(TTE) outcomes, were significantly improved from baseline to
discharge and 30 days and remained so at one year (Figure 2A).
At 30 days, PVL was absent/trace in 86% of evaluable core lab-
adjudicated echocardiograms; there was one case of moderate and
no cases of severe leak. These results were sustained at one year

TAVI with LOTUS valve in 250 patients
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Figure 2. Haemodynamic outcomes and aortic regurgitation.
A) Mean aortic gradient and effective orifice area by transthoracic
echocardiography. B) Aortic regurgitation by transthoracic
echocardiography. Data are for the as-treated population (N=249)
and were assessed by an independent core laboratory. Mean+SD.
P-values from estimates of the repeated measures and random effects
ANOVA model with unstructured covariance.

as no moderate/severe PVL was observed and 85% of patients had
none/trace PVL (Figure 2B).

Progressive improvements over time were seen in NYHA func-
tional class. At baseline, 77% of patients were in Class II/IV,
whereas 92% and 95% were in Class I/II at 30 days and one year,
respectively (Figure 3). The SF-12 physical health summary score
improved from 34.1+9.3 at baseline to 38.1+10.2 at one year, indi-
cating a clinically meaningful enhancement in health-related qual-
ity of life (Table 3).

CLINICAL SAFETY OUTCOMES

Table 4 shows 30-day and one-year VARC-defined safety out-
comes in the as-treated population. All-cause mortality was 4.0%
and 11.6%, and disabling stroke was 2.8% and 3.6%, respectively.
The 30-day stroke rate was similar among patients with or without
repositioning or retrieval (p=0.86). Beyond 30 days, two patients
were successfully treated for prosthetic valve endocarditis, and
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Figure 3. New York Heart Association functional class assessments
to one year. Data are for the as-treated population (N=249). There
were 10 deaths by 30 days post procedure and 29 deaths in total at
one year; p<0.001 for comparison of each time point to baseline.

three cases of adjudicated valve thrombosis resolved without clini-
cal sequelae with anticoagulation treatment (Table 4).

By 30 days, the permanent pacemaker (PPM) implantation rate
was 28.9% (72/249) in all patients and 32.0% (72/225) in pace-
maker-naive patients, mostly (82%) for third-degree atrioventricu-
lar block. Among all PPM patients, 28% had right bundle branch
block (RBBB) at baseline and 60% had >10% LVOT overstretch.
Between 30 days and one year, nine additional patients required
pacemakers. Mortality at one year was 12.6% (18/143) among
patients with no pacemakers compared to 12.3% (10/81, p=0.96)
for those with new PPM implantation.

Discussion

The prospective, multicentre REPRISE IIE trial evaluated TAVI
outcomes with the LOTUS valve in high-risk surgical patients
with severe, symptomatic aortic stenosis. The primary end-
points were met as the observed 30-day mortality rate in the

Table 3. Quality of life summary scores to 1 year.

Assessment

SF-12 summary scores

Physical health 34.1+9.3 (242)

38.0+9.5 (220) <0.001

Table 4. Clinical safety outcomes at 30 days and 1 year.

Outcome
All-cause mortality

‘ 30 days ‘ 1 year
4.0% (10) | 11.6% (29)

Cardiovascular mortality 3.6% (9) 7.6% (19)
All stroke 6.8% (17) | 8.4% (21)
Disabling stroke 2.8% (7) 3.6% (9)

4.0% (10) | 4.8% (12)
6.0% (15) | 13.3% (33)
7.2% (18) | 9.2% (23)
21.3% (53) | 23.3% (59)
2.8% (7) 2.8% (7)
5.2% (13) | 5.2% (13)

Non-disabling stroke

All-cause mortality and disabling stroke

Life-threatening/disabling bleeding

Major bleeding

Acute kidney injury (stage 2 or 3)

Major vascular complications @

Repeat procedure (surgery/interventional)

for valve-related dysfunction 0407 (@) 045z (©)
Periprocedural coronary obstruction = o

(<72 hrs) b 0.8% (2) 0.8% (2)
Cardiac tamponade <72 hrs 3.2% (8) 3.2% (8)
Myocardial infarction <72 hrs 2.8% (7) 2.8% (7)
Myocardial infarction >72 hrs 0.0% (0) 0.0% (0)
Hospitalisation for valve-related 2.8% (7) 6.8% (17)

symptoms or worsening CHF

New permanent pacemaker

All patients 28.9% (72) | 32.5% (81)
Pacemaker-naive patients (N=225) | 32.0% (72) | 36.0% (81)
5.6% (14) | 6.4% (16)

New-onset atrial fibrillation

Prosthetic valve endocarditis 0.0% (0) 0.8% (2)
Prosthetic valve thrombosis © 0.0% (0) 1.2% (3)
Prosthetic valve migration, embolisation, 0.0% (0) 0.0% (0)

or TAV-in-TAV deployment

Values are % (n), binary rates. Events were adjudicated by the clinical
events committee. Data are for the as-treated population (N=249).

2 Twelve (12) major vascular complications related to access site were
successfully treated; 1 patient with aortic dissection died on day O.

b One (1) patient with acute myocardial infarction died on day 2. In
another patient, the event was related to a stent thrombosis during
balloon aortic valvuloplasty; the valve was deployed, coronary access was
intact, and the stent thrombosis was treated successfully. ¢ All conditions
resolved with anticoagulation.

ITT cohort (4.4%, N=250) and mean valve gradient in the main
cohort (11.54+5.2 mmHg, N=120) were both below (p<0.001) their
respective predefined performance objectives. At one year, there
were no cases of ectopic valve deployment, valve embolisation,

30 days 1 year

Baseline value
| Measwe |  pvalue | Measwe |  palue

38.1+10.2 (212) <0.001

Mental health 49.7+10.6 (242)

Index values 0.6+0.2 (243)

50.8+10.5 (220) 0.34

0.7+0.3 (223)

52.3+9.9 (212) 0.014

<0.001 0.7+0.2 (213) 0.45

Visual analogue scale 61.0+£19.0 (245)

69.8+17.4 (224) <0.001

69.6+16.9 (213) <0.001

baseline and are for paired data.

Values are % (n) or meanzstandard deviation (n) (minimum, maximum). Data are for the as-treated population (N=249). p-values are for comparison to




TAV-in-TAV deployment, valve migration, or repeat procedures
for valve-related dysfunction. The eight cases of periprocedural
cardiac tamponade probably reflected a learning curve with new
operators, given that there were no run-in cases, and the absence
of a pre-shaped guidewire — now typically used with LOTUS — in
the early trial experience. Improvements in haemodynamics and
functional class are similar to outcomes with other transfemoral
valves, and were sustained to one year. Post-dilation is typically
not recommended with the LOTUS valve and was not performed
in this study, though it may be useful if there is significant frame
distortion and an elevated gradient. Patients receiving the LOTUS
(N=249) had low 30-day and one-year rates of all-cause mortal-
ity (4.0%, 11.6%) and disabling stroke rates of 2.8% and 3.6%,
respectively. Independent core laboratory adjudication detected
very low rates of significant PVL. These REPRISE IIE outcomes
support and broaden previously reported results from the main
cohort1,2. Notably, these results were obtained with 17/20 centres
new to the LOTUS device and all cases were included.

Potential benefits of the LOTUS valve include early valve func-
tion to facilitate initial positioning without rapid pacing or haemo-
dynamic instability, full repositionability/retrievability if needed,
and minimal PVL. Repositioning was successful in all 85 attempted
REPRISE IIE cases. In REPRISE IIE, moderate PVL was negli-
gible (0.6% at 30 days; 0% at one year), with no severe PVL. Mild
or greater PVL occurred in only 14.2% of patients at 30 days and
14.7% at one year. This compares favourably with results from
other valves, where mild or greater PVL has ranged from 26% to
49% in recent studies of the SAPIEN 3 valve®® and from 32% to
50% with the Evolut™ R valve (Medtronic)*!". Importantly, mild
or greater post-procedural PVL has been reported as an independ-
ent predictor of mortality'>!3.

Although differences in baseline characteristics and variability in
endpoint assessment make it challenging to compare results across
studies, outcomes in REPRISE IIE were consistent with event
rates reported for other contemporary transfemoral TAVI valves
in high-risk patients. Per the REPRISE II protocol, neurological
physical examinations were conducted by a neurologist or neuro-
logy fellow at baseline and prior to discharge. This rigorous neu-
rologic evaluation was expected to result in better stroke detection
and may explain differences compared to studies with less rigorous
neurologic evaluation®'®. The 30-day PPM rate was 28.9% in all
patients and 32.0% in pacemaker-naive patients with this first-gen-
eration LOTUS valve, higher than observed with SAPIEN 3% and
Evolut R*!. Mechanical pressure from the valve frame may cause
conduction disorders, especially with longer stent frames, self-
expanding valves, predilatation or post-dilatation and deeper implant
depth'®. Higher final LOTUS valve depth may reduce the need for
PPM without increasing the risk of PVL, and a greater range of
LOTUS valve sizes may reduce overstretch, which was seen in 60%
of PPM patients. While undesirable, PPM early after TAVI has gen-
erally not been associated with an increase in mortality'>'7. Although
not statistically powered, one-year mortality rates in REPRISE
IIE were similar among patients with or without a pacemaker.

TAVI with LOTUS valve in 250 patients

Limitations

The limitations of this study include the absence of a randomised
control, which makes it difficult to compare directly the results
in this study to results observed with other valves, the moderate
sample size, and absence of longer-term follow-up, all of which
will be addressed with further follow-up and additional studies.
Another limitation is that, although the study was designed to
enrol high-risk patients, the mean STS score was 6.5% and some
intermediate-risk patients were probably enrolled. This reflects
current, “real-world” clinical practice and the challenges in char-
acterising patient risk precisely. Additionally, one-year echo fol-
low-up was only available in 190 of 220 (86%) surviving patients
at one year, which is a limitation of the echocardiographic results.
Finally, only the 23 mm and 27 mm LOTUS valves were available
at the time of the study, which may have affected valve selection
and overstretch.

Conclusions

The present study demonstrates the safety and effectiveness of the
LOTUS valve in high-risk patients with severe aortic stenosis. The
valve could be positioned precisely with minimal PVL and good
valve haemodynamics sustained to one year. Significant improve-
ments from baseline in functional status and quality-of-life meas-
ures and adverse event rates consistent with those reported for other
transcatheter valves were observed. The next-generation LOTUS
Edge™ (Boston Scientific) platform with Depth Guard™ techno-
logy (Medtronic) is intended to provide improved catheter flex-
ibility, decrease force on the conduction system during delivery,
and reduce valve interaction with the LVOT during deployment
to facilitate a higher implant. These additional design features are
expected to improve deliverability of the valve and reduce the rate
of PPM, which will be evaluated in forthcoming trials.

Impact on daily practice

Transcatheter aortic valve implantation is a well-established
treatment for severe aortic stenosis in high-risk surgical can-
didates, and continuous device improvements have sought
to widen TAVI application. The REPRISE IIE study demon-
strated the safety and effectiveness of the differentiated sec-
ond-generation fully repositionable LOTUS valve. The LOTUS
valve could be positioned precisely with minimal paravalvular
leak, and good valve haemodynamics sustained to one year in
250 patients. Significant improvements from baseline in func-
tional status and quality-of-life measures and adverse event
rates consistent with those reported for other transcatheter
valves were also observed. These results suggest that the dif-
ferentiated second-generation LOTUS device will be a valuable
addition for treatment of severe aortic stenosis.
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