L10z ke B @ulluo paysiignd £08-96L€1°£10Z uouaaiaujoiny M

G¢0T10-91-Ad-r13/v¥cy 0T ‘10a

~J
o
(-]

CLINICAL RESEARCH

INTERVENTIONS FOR VALVULAR DISEASE AND HEART FAILURE

Insights into the need for permanent pacemaker following
implantation of the repositionable LOTUS valve for
transcatheter aortic valve replacement in 250 patients:
results from the REPRISE Il trial with extended cohort

Nicolas Dumonteil' *, MD; Ian T. Meredith?>, MBBS, PhD; Daniel J. Blackman?®, MD;
Didier Tchétché!, MD; David Hildick-Smith*, MD; Mark S. Spence’, MD;

Darren L. Walters®, MBBS; Jan Harnek’, MD; Stephen G. Worthley®, MD, PhD;

Gilles Rioufol’, MD, PhD; Thierry Lefévre!®, MD; Thomas Modine'!, MD;

Nicolas Van Mieghem'2, MD, PhD; Vicki M. Houle'"?, PhD; Dominic J./Allocco'?, MD;
Keith D. Dawkins'3, MD

1. Clinique Pasteur, Toulouse, France,; 2. MonashHEART, Monash Health & Monash University, Melbourne, Australia; 3. The
General Infirmary, Leeds, United Kingdom, 4. Sussex Cardiac Centre, Brighton.and Sussex University Hospitals, Brighton,
United Kingdom, 5. Royal Victoria Hospital, Belfast, United Kingdom, 6. The Prince Charles Hospital, Brisbane, Queensland,
Australia; 7. University Hospital of Lund, Lund, Sweden, 8. Royal Adelaide Hospital, Adelaide, South Australia, Australia;

9. Hopital Cardiologique Louis-Pradel, Bron, Lyon, France, 10. Institut Cardiovasculaire Paris Sud, Massy, France; 11. CHRU
Lille, Hopital Cardiologique, Lille, France; 12. Erasmus Medical Center, Rotterdam, the Netherlands, 13. Boston Scientific
Corporation, Marlborough, MA, USA

Abstract

Aims: This analysis aimed to evaluate the incidence and predictors of the need for permanent pacemaker
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Methods and results: The prospective, single-arm, multicentre REPRISE II study with extended cohort
enrolled 250 symptomatic, high surgical risk patients with severe aortic stenosis for transfemoral trans-
catheter aortic valve implantation (TAVI) with a 23 mm or 27 mm LOTUS valve. Echocardiography, com-
puted tomography, and electrocardiography data were evaluated by independent core labs. Post TAVI,
32.0% (72/225) of pacemaker-naive patients underwent new PPM implantation at 30 days. Most (59/72,
82%) patients were implanted for third-degree atrioventricular block, and >10% overstretch of the LVOT by
area was observed in 59.7% (43/72) of PPM patients. Significant independent predictors of PPM at 30 days
included baseline RBBB (odds ratio [OR] 12.7, 95% CI: 4.5, 36.2; p<0.001) and LVOT overstretch >10%
(OR 3.4, 95% CI: 1.7, 6.7; p<0.001). There was a trend towards a lower 30-day PPM rate in patients with
a shallower (<5 mm) implant depth (23.9% <5 mm vs. 36.9% >5 mm depth from LCS; p=0.06).

Conclusions: Careful attention to valve sizing and implant depth may help to reduce the rate of PPM with
the LOTUS valve.

*Corresponding author: Clinique Pasteur, 45 Avenue de Lombez, 31076 Toulouse Cedex 3, France.
E-mail: ndumonteil@clinique-pasteur.com
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Abbreviations

AV atrioventricular

Cl confidence interval

CT computed tomography

ECG electrocardiogram

LBBB left bundle branch block
LvoT left ventricular outflow tract
OR odds ratio

PVL paravalvular leak

RBBB  right bundle branch block

STS Society of Thoracic Surgeons

TAVI transcatheter aortic valve implantation
VARC Valve Academic Research Consortium

Introduction

We have previously reported that, among 250 enrolled patients in
the REPRISE 1I trial with extended cohort, 32.0% of pacemaker-
naive patients required a new PPM at 30 days, and 36.0% of
pacemaker-naive patients required a new PPM at one year. The
objective of this analysis was to assess the incidence, timing, and
predictors of the need for new PPM at 30 days in the REPRISE II
trial with extended cohort.

Editorial, see page 777

Methods

STUDY DESIGN

The REPRISE II trial and LOTUS™ valve (Boston Scientific,
Marlborough, MA, USA) have been described previously' and
are summarised here. In brief, the REPRISE II trial with extended
cohort was a prospective, single-arm, international, multicen-
tre study designed to evaluate the safety and effectiveness of the
LOTUS valve. Per protocol, an initial cohort of 120 patients was
enrolled, followed by an extended cohort of 130 patients giv-
ing a total of 250 patients enrolled under the same study design
and protocol. The primary device performance endpoint was
the 30-day mean aortic valve pressure gradient in the initial
120-patient cohort. The primary safety endpoint was 30-day all-
cause mortality in the full cohort of 250 patients. Both primary
endpoints were independently adjudicated and were compared
with pre-specified performance goals of 18 mmHg and 16% mor-
tality, respectively. Secondary endpoints were based on the Valve
Academic Research Consortium (VARC)-2 guidelines. This study
complied with the principles of the Declaration of Helsinki and
all applicable local and country regulations. The ethics committee
at each site approved the protocol prior to enrolment of the first
patient and all patients or their legal guardians provided written
informed consent. This study is registered at www.clinicaltrials.
gov under the identifier NCT01627691.

DEVICE DESCRIPTION
The LOTUS™ Aortic Valve Replacement System (Boston Scientific)
consists of a woven nitinol frame with three bovine pericardial leaf-

lets. The valve is fully repositionable and retrievable, even after
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full expansion. The lower portion of the valve is coated with an
Adaptive Seal™ (Boston Scientific) that minimises paravalvular
leak (PVL). At the time the trial was conducted, only two valve sizes

were available for clinical use, a 23 mm and a 27 mm prosthesis.

PATIENT SELECTION, PROCEDURE, AND FOLLOW-UP
Patients were considered eligible for enrolment if they were aged
>70 years with severe symptomatic calcific aortic stenosis (New
York Heart Association Class >I1), and were at high or extreme risk
for surgery, as defined either by a Society of Thoracic Surgeons
(STS) score >8 or by Heart Team agreement of high surgical risk
based on comorbidities and/or frailty. Patient eligibility was estab-
lished by an internal Heart Team and confirmed prior to enrolment
by an independent central case review committee.

All devices were implanted via the transfemoral route and
balloon predilatation of the native aortic valve was required per
protocol. All patients included in the trial had a preprocedural
computed tomography (CT) angiogram for the purposes of valve
sizing, including measurements of annulus and left ventricular
outflow tract (LVOT) area and derived diameter, and overstretch
of the annulus and LVOT (Figure 1).

The decision to implant and the timing of PPM implantation
post TAVI were not predefined in the trial protocol but were left to
the discretion of the participating sites per local standards.

STATISTICAL ANALYSIS

This analysis was performed on the as-treated population. Patients
were included if they had sufficient clinical follow-up, or were
known to have died or have had a PPM implantation within the
analysis period, regardless of the length of available follow-up.
Baseline, procedural characteristics, and outcomes were com-
pared for patients with and without a newly implanted PPM up to
30 days and one year, and excluding 23 patients with a pre-exist-
ing pacemaker. Treatment groups were compared using a two-
sided chi-square or Fisher’s exact test for categorical variables, as
appropriate, and using the Student’s t-test for continuous variables.
Clinical, anatomical, ECG, and procedural predictors (including
baseline conduction disturbances, annular/LVOT size, overstretch
and calcium; prosthesis size and implantation depth; gender; and
order of enrolment at site) of the need for a newly implanted PPM
at 30 days and one year were evaluated by multivariate analysis
using logistic regression with Wald’s chi-square test; results are
expressed as odds ratios with 95% confidence intervals. LVOT
and annular overstretch were defined as the nominal valve area
divided by the LVOT or annular area. All statistical analyses
were performed using SAS software version 9.2 or above (SAS
Institute, Inc., Cary, NC, USA).

Results

Among 250 enrolled patients, 23 patients had a pacemaker at
baseline. Two patients did not have a LOTUS valve implanted
during the index procedure; therefore, the as-treated 30-day
analysis set comprised 248 patients (Figure 2). Of the two
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Figure 1. The LOTUS valve. Graphic of the LOTUS valve in situ.

non-treated patients, one was not treated with a valve at base-
line due to vascular complications but was later successfully
implanted with a LOTUS valve on day 42. This patient is not
included in the as-treated population at 30 days, but is included
in the as-treated population at one year; therefore, the one-year
analysis set comprised 249 patients. At 30 days, 32.0% (72/225)
of pacemaker-naive patients required a new PPM (Figure 2).
Of these, 18 (25.0%) were implanted on day 0, 27 (37.5%)
between day 1 and day 3, and the remainder between days 4 and
14. Between 31 days and one year, an additional nine patients
required a new PPM, for a total PPM rate of 36.0% (81/225) in

Intent-to-treat (N=250)

> No Lotus valve implanted (N=2)
Y Y L4
Patients with Newly implanted No pacemaker
pre-existing pacemaker up to 30 days:
pacemaker: 9.3% up to 30 days: 61.7% (153/248)
(23/248) 29.0% (72/248)
[ |
Excluded from
this analysis

Lotus valve implanted day 42

2
Newly implanted No pacemaker
pacemaker up to 1 year: up to 1 year.
32.5% (81/249) 58.2% (145/249)

Figure 2. Patient flow chart. Disposition of patients in analysis.

pacemaker-naive patients at one year (Figure 2). Site-reported
indications for PPM implant are shown in Table 1.

CHARACTERISTICS OF PATIENTS WITH AND WITHOUT NEW
PPM

Patients who required a new PPM had a significantly higher inci-
dence of right bundle branch block (RBBB) at baseline, whereas
patients without a new PPM had a significantly higher baseline

Table 1. Site-reported indications for PPM implant.

Indication N (%)
0 to 30 days n=72
Third-degree AV block 59 (81.9%)
Atrial fibrillation & bradycardia 4 (5.5%)
New LBBB & symptomatic bradycardia 1(1.4%)
LBBB & first-degree AV block 3(4.2%)
LBBB & second-degree AV block (Type 1) 1(1.4%)
Trifascicular block 1(1.4%)
LBBB & infranodal disease on EP study 3(4.2%)
31 days to 1 year ‘ n=9
Third-degree AV block 1(1.2%)
Symptomatic bradycardia alone 1(1.2%)
LBBB & symptomatic bradycardia 3(3.7%)
Atrial fibrillation & LAFB & bradycardia 1(1.2%)
Sick sinus syndrome 2 (2.5%)
LBBB with prolonged HV interval 1(1.2%)

Total | N=81

EP: electrophysiology; LAFB: left anterior fascicular block; LBBB: left
bundle branch block




rate of left bundle branch block (LBBB) (Table 2). Baseline char-
acteristics were otherwise similar between groups. Patients who
were among the first five enrolled at each site were no more likely
to require a new PPM than those enrolled later (p=0.43), suggest-
ing that there was no learning curve associated with implanting the
LOTUS valve. Baseline left ventricular ejection fraction (LVEF)
did not differ between groups.

Procedural characteristics for patients with and without a new
PPM are shown in Table 3. There was no significant effect of
valve size or maximum predilatation balloon diameter on the need
for a new PPM. Similarly, depth of implantation was not signi-
ficantly different in this cohort between patients with and with-
out a new PPM (Table 3). However, there was a trend towards
a lower PPM rate in patients with a shallower (<5 mm) implant
depth (23.9% [16/67] <5 mm depth from left coronary sinus [LCS]
vs. 36.9% [48/130] >5 mm depth from LCS; p=0.06, and 27.2%
[28/103] <5 mm depth from non-coronary sinus [NCS] vs. 37.4%
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Table 3. Procedural characteristics by analysis group.

Table 2. Baseline patient, electrocardiographic, and CT
characteristics by analysis group.

Variable No new PPM New PPM pvalue
(n=145) (n=81)

Age, years 83.7+5.3 (145) | 84.3+£5.1(81) | 0.43
Female 55.2% (80/145) | 46.9% (38/81) | 0.23
STS score (v. 2.73), % | 6.3+4.1 (145) 6.3+4.1 (81) 0.99
EuroSCORE 6.5+6.3 (145) 6.0+6.2 (81) 0.57
Medically treated | 20.7% (30/145) | 25.9% (21/81) | 0.37
Baseline LVEF, % 57.6+9.61 (143)| 59.0+9.68 (79) | 0.28
NYHA Class Il or IV |77.2% (112/145)| 74.1% (60/81) | 0.59
Atrial fibrillation 33.8% (49/145) | 38.3% (31/81) | 0.50
Rentbundle branch 4 19, 6/145) | 24.7% (20/81) |<0.001
seft bundle branch | g o9, (13/145) | 1.2% (1/81) | 0.02
First-degree AV block | 16.6% (24/145) | 22.2% (18/81) | 0.29
Among fist 5 patients | 3319 (48/145) | 38.3% (31/81) | 0.43
Annulus diameter, | 93.742.0(145) | 23.6:1.9(81) | 0.68
Annulus eccentricity’ |0.78+0.06 (145)| 0.80+0.07 (81) | 0.12
Total annular calcium* | 2.8+1.8 (145) 2.7+1.9 (81) 0.53
Total leaflet calcium? 3.5+1.8 (145) 3.5+1.9 (81) 0.98
LVOT diameter, mm* | 23.1+2.2 (145) | 22.8+2.3 (81) | 0.38
LVOT eccentricity" 0.69+0.08 (145)| 0.70+0.09 (81) | 0.16
Total LVOT calcium* | 0.67+1.11 (145)| 0.70+0.98 (81) | 0.81
Iﬂi%ﬁ{orlrgsaldum 26.8+50.2 (145)| 33.1:59.5 (81) | 0.40
Values are percent (n/N) or meanzstandard deviation (n). *Area-derived.
TDefined as perpendicular to the maximum diameter divided by the
maximum diameter. *Semi-quantitative scale from O (none) to 6
(severe). LVEF: left ventricular ejection fraction; LVOT: left ventricular
outflow tract; NYHA: New York Heart Association; STS: Society of
Thoracic Surgeons

Variable No new PPM New PPM value
(n=145) n=s81) |7
Valve size implanted
23 mm 52.4% (76/145) | 43.2% (35/81) | 0.18
27 mm 47.6% (69/145) | 56.8% (46/81) | 0.18
Max balloon diameter, | 50.542.9 (145) | 20.6+1.8 (81) | 0.84
New conduction
disturbance after 26.9% (39/145) | 32.1% (26/81) | 0.41
valvuloplasty
Depth of implantation
WD) i 6.1+2.9 (130) | 6.6+2.8 (73) | 0.22
Depth of implantation
(NCS), mm 5.0+£2.5 (129) 5.3+2.8 (71) | 0.52
LVOT overstretch, %*1 8.4+8.4 (145) | 11.4+8.4 (81) | 0.01
Patients with >10% o o
LVOT overstretch 38.6% (56/145) | 58.0% (47/81) | 0.005
Annular overstretch, %*7| 5.4+5.7 (145) 7.5+6.4 (81) | 0.01
Patients with 210% | 51 40, (31/145) | 32.1% (26/81) | 0.08
annular overstretch
Valve repositioned 33.8% (49/145) | 37.0% (30/81) | 0.62
Values are percent (n/N) or meanzstandard deviation (n). *Area-derived.
TOverstretch defined as the nominal valve area divided by the LVOT or
annular area. LCS: left coronary sinus; LVOT: left ventricular outflow
tract; NCS: non-coronary sinus

[34/91] >5 mm depth from NCS; p=0. 13). Overstretch of both the
annulus and the LVOT was significantly greater in patients with
a new PPM, and significantly more patients with PPM had >10%
LVOT overstretch. Although a similar trend was present for >10%
overstretch of the annulus, this did not reach statistical signifi-
cance. Valve repositioning was not significantly associated with
need for a new PPM.

CLINICAL OUTCOMES AT 30 DAYS AND ONE YEAR

All-cause mortality was not significantly different for patients
with and without a new PPM at 30 days (3.9% no PPM vs. 5.6%
new PPM; p=0.73), or at one year (12.6% no PPM vs. 12.3%
new PPM; p=0.96). Similarly, LVEF was not different between
groups at 30 days (54.8+£10.0% no PPM vs. 53.2+6.8% new PPM;
p=0.41), or at one year (53.4+10.4% no PPM vs. 50.9£9.0% new
PPM; p=0.24). Among patients with a new PPM up to 30 days,
61.1% (33/54) were paced at 30 days and 55.4% (36/65) were
paced at one year, as determined by the core laboratory review of
ECGs. Systematic pacemaker interrogation was not required per
protocol in the REPRISE II study and therefore rates of true pace-
maker dependency could not be assessed.

PREDICTORS OF NEW PACEMAKER AT 30 DAYS

Significant predictors of new PPM in multivariate analysis at
30 days included baseline RBBB, LVOT overstretch >10% by
area, first-degree AV block, and LVOT total calcium volume
(Table 4). There were an insufficient number of new pacemakers
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Table 4. Significant multivariate predictors of new PPM at
30 days.

Variahle ‘ 0Odds ratio ‘ 95% ClI ‘p—value

Baseline right bundle branch 12.70 4.45, 36.22 | <0.001

block
LVOT area overstretch >10% 3.42 1.74,6.74 | <0.001
First-degree AV block 2.49 1.13,5.47 | 0.02

LVOT total calcium volume,

per 100 mm? increase 1.80 1.03,3.14 | 0.04

LVOT: left ventricular outflow tract; PPM: permanent pacemaker

between 31 days and one year to determine multivariate predictors

of new PPM during that time frame.

Discussion

In the REPRISE 1I trial with extended cohort, 32.0% of pacemaker-
naive patients required a new PPM at 30 days, and an additional
nine patients required a new PPM between 31 days and one year,
giving a total PPM rate of 36.0% in pacemaker-naive patients at one
year. The most common indication for PPM implantation was third-
degree AV block, particularly for implants within the first 30 days,
and 63% of patients with new PPM were implanted within the first
three days post procedure. Significant independent predictors of the
need for new PPM at 30 days included baseline RBBB, LVOT over-
stretch >10% by area, first-degree AV block, and LVOT total cal-
cium volume. There was no difference in mortality between patients
with and without PPM at 30 days or at one year.

PATIENT-RELATED FACTORS

Consistent with multiple studies of other valves®, baseline RBBB
and first-degree AV block were independent predictors of future
need for new PPM with the LOTUS valve. The known mechanical
stresses of the TAVI procedure, including balloon predilatation®,
may have greater effect in patients with pre-existing conduction
system disease, and more intensive post-procedural ECG monitor-
ing of such patients may be warranted prior to hospital discharge.
Similarly, calcification of the aorta and/or LVOT has been linked
to increased need for new PPM with other valves’®. This was also
true in the current study, with LVOT total calcium volume emerg-
ing as a significant independent predictor of the need for a new
PPM (OR 1.80 per 100 mm?® increase, 95% CI: 1.03, 3.14; p=0.04).

PROCEDURE-RELATED FACTORS

Overstretch, particularly of the LVOT, was significantly and
strongly associated with an increased need for PPM with the
LOTUS valve in this study. This is consistent with observations of
other valves®!!. Overstretch, principally of the annulus, has been
recommended with other transcatheter aortic valves to prevent the
development of PVL. Other studies have demonstrated that there
is an inverse relationship between PVL and PPM: as radial force
exerted by the prosthetic valve increases — whether by increas-
ing valve size or by the addition of a sealing skirt or cuff — the

incidence of PVL decreases, but also the likelihood of conduc-
tion disturbances increases due to compression of the conduction
system tissue*!2, Hence, there may be a trade-off in the choice
of valve size between the potential development of PVL and the
potential requirement for a new PPM. However, the LOTUS valve
has consistently demonstrated very low rates of PVL, probably
related to the Adaptive Seal, suggesting that oversizing is unnec-
essary with the LOTUS valve. The anticipated availability of an
expanded LOTUS valve size matrix may help in this regard. It
is also important to note that, in balancing the risk of PVL ver-
sus PPM, while moderate or greater PVL has been associated
with increased mortality'>!®, the majority of studies have found
no association between mortality and the need for new PPM post
TAVI(),IG-IS'

Unlike findings with the CoreValve® (Medtronic, Minneapolis,
MN, USA)*", depth of implantation was not significantly associ-
ated with the need for a new PPM in this study, although there was
a trend (p=0.06) towards a significantly lower PPM rate at 30 days
in patients with a more shallow (<5 mm) depth of implantation.
Given this latter finding, it is possible that there is insufficient sta-
tistical power to assess the impact of depth of implantation in the
current analysis. The ongoing RESPOND and REPRISE III stud-

ies may provide more information on this point.

COMPARISON WITH OTHER TRANSCATHETER VALVES

The 30-day rates of PPM following implantation with the LOTUS
valve are higher than those observed with other second-generation
valves, which have been reported in a range from 10% to 15%
for the Edwards SAPIEN 3 valve (Edwards Lifesciences, Irvine,
CA, USA)®2 and 11% to 25% for the Medtronic CoreValve
Evolut™ R valve?26. Overstretch, final depth of implant, interac-
tion between the prostheses and the LVOT and (potentially) other
factors may all contribute to conduction disturbances following
TAVI. There is variation in the LOTUS deployment technique, but
the LOTUS frame frequently travels deeper into the LVOT during
deployment than other TAVI systems. This may at least partially
explain the observed difference in PPM implantation rates.

Study limitations

The REPRISE II trial with extended cohort is a single-arm study
with no active control, and lacks statistical power to determine
differences for some potential baseline predictors as well as mor-
tality outcomes; however, to date, the study represents the largest
published cohort of patients with follow-up to one year with the
LOTUS valve. Secondly, the indications for PPM implant were
site-reported and not centrally adjudicated, which could have
resulted in inter-site variability in reporting of indications. Third,
in this study, only two valve sizes were available, which may have
contributed to overstretch of the valve. Fourth, the indications
and timing of PPM implantation post TAVI were not predefined
in the trial protocol but were left to the discretion of the partici-
pating sites per local standards, which resulted in a wide varia-
tion between sites in both post-TAVI PPM rates and indications



for PPM implantation. Finally, the study did not include a provi-
sion for systematic interrogation of PPM in the study protocol, so
assessment of true pacemaker dependency was not possible. This
topic will be further evaluated in the ongoing REPRISE III trial,
which has included a pacemaker interrogation algorithm as part of
the protocol-mandated data collection.

Conclusions

In summary, the results of these analyses suggest that appropriate
valve sizing that avoids overstretch, particularly of the LVOT, and
implanting the valve higher (<5 mm where possible without com-
promise of the coronary ostia) may be helpful in reducing the need
for PPM post procedure with the LOTUS valve. Additionally,
although the majority of PPM implants were for clearly appropri-
ate indications, a minority of devices were implanted in patients
for less well-established indications such as LBBB and first-
degree AV block. Physicians should follow recommended treat-
ment guidelines for the implantation of a new PPM to ensure
optimal patient management post TAVI.

Impact on daily practice

In this prospective study of 250 patients treated with the LOTUS
valve, 32.0% of pacemaker-naive patients underwent new PPM
implantation at 30 days and 36.0% at one year. Of these, 62.5%
were implanted by day 3 post procedure and 55.4% were paced
at one year by ECG analysis. Baseline RBBB and LVOT over-
stretch were significant independent predictors of the need for
PPM at 30 days following LOTUS valve implantation. Careful
attention to valve sizing and positioning may help to reduce the
rate of PPM with the LOTUS valve.
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