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Abstract
Aims: This analysis aimed to evaluate the incidence and predictors of the need for permanent pacemaker 
(PPM) implantation following implantation of the repositionable and fully retrievable LOTUS Aortic Valve 
Replacement System.

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-naïve 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.
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Abbreviations
AV atrioventricular
CI 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 II trial with extended cohort, 32.0% of pacemaker-
naïve patients required a new PPM at 30 days, and 36.0% of 
pacemaker-naïve 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 previously1 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 

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 ≥II), 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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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-naïve 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 

Figure 1. The LOTUS valve. Graphic of the LOTUS valve in situ.

Intent-to-treat (N=250)

No Lotus valve implanted (N=2)

Patients with
pre-existing

pacemaker: 9.3%
(23/248)

Excluded from 
this analysis

Newly implanted
pacemaker

up to 30 days:
29.0% (72/248)

Lotus valve implanted day 42
(N=1)

Newly implanted
pacemaker up to 1 year:

32.5% (81/249)

No pacemaker
up to 30 days:

61.7% (153/248)

No pacemaker
up to 1 year:

58.2% (145/249)

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

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

pacemaker-naïve 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 
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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% 

Table 3. Procedural characteristics by analysis group.

Variable
No new PPM 

(n=145)
New PPM 
(n=81)

p-value

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, 
mm 20.5±2.9 (145) 20.6±1.8 (81) 0.84

New conduction 
disturbance after 
valvuloplasty

26.9% (39/145) 32.1% (26/81) 0.41

Depth of implantation 
(LCS), mm 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, %*¶ 8.4±8.4 (145) 11.4±8.4 (81) 0.01

Patients with ≥10% 
LVOT overstretch 38.6% (56/145) 58.0% (47/81) 0.005

Annular overstretch, %*¶ 5.4±5.7 (145) 7.5±6.4 (81) 0.01

Patients with ≥10% 
annular overstretch 21.4% (31/145) 32.1% (26/81) 0.08

Valve repositioned 33.8% (49/145) 37.0% (30/81) 0.62

Values are percent (n/N) or mean±standard deviation (n). *Area-derived. 
¶Overstretch 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

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

Variable
No new PPM  

(n=145)
New PPM 
(n=81)

p-value

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 
diabetes 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 III or IV 77.2% (112/145) 74.1% (60/81) 0.59

Atrial fibrillation 33.8% (49/145) 38.3% (31/81) 0.50

Right bundle branch 
block 4.1% (6/145) 24.7% (20/81) <0.001

Left bundle branch 
block 9.0% (13/145) 1.2% (1/81) 0.02

First-degree AV block 16.6% (24/145) 22.2% (18/81) 0.29

Among first 5 patients 
enrolled at site 33.1% (48/145) 38.3% (31/81) 0.43

Annulus diameter, 
mm* 23.7±2.0 (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

Total LVOT calcium 
volume, mm3 26.8±50.2 (145) 33.1±59.5 (81) 0.40

Values are percent (n/N) or mean±standard deviation (n). *Area-derived. 
¶Defined as perpendicular to the maximum diameter divided by the 
maximum diameter. ‡Semi-quantitative scale from 0 (none) to 6 
(severe). LVEF: left ventricular ejection fraction; LVOT: left ventricular 
outflow tract; NYHA: New York Heart Association; STS: Society of 
Thoracic Surgeons

[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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between 31 days and one year to determine multivariate predictors 
of new PPM during that time frame.

Discussion
In the REPRISE II trial with extended cohort, 32.0% of pacemaker-
naïve 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-naïve 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 valves2-5, 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 predilatation6, 
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 valves7,8. 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 mm3 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 valves9-11. 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 tissue4,12. 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 mortality13-15, the majority of studies have found 
no association between mortality and the need for new PPM post 
TAVI6,16-18.

Unlike findings with the CoreValve® (Medtronic, Minneapolis, 
MN, USA)3,19, 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)20-22 and 11% to 25% for the Medtronic CoreValve 
Evolut™ R valve23-26. 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 

Table 4. Significant multivariate predictors of new PPM at 
30 days.

Variable Odds ratio 95% CI p-value

Baseline right bundle branch 
block 12.70 4.45, 36.22 <0.001

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 mm3 increase 1.80 1.03, 3.14 0.04

LVOT: left ventricular outflow tract; PPM: permanent pacemaker
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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-naïve 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.

Acknowledgements
The authors thank Hong Wang, MS (Boston Scientific Corpora-
tion), for statistical analysis.

Funding
The REPRISE II study with extended cohort was funded and spon-
sored by Boston Scientific Corporation (Marlborough, MA, USA).

Conflict of interest statement
N. Dumonteil has received consultant fees/honoraria from Boston 
Scientific, Edwards, and Medtronic, and proctor fees from Boston 
Scientific, Edwards, and Medtronic. I. Meredith has received grant 
support/research contracts from Boston Scientific, and Medtronic, 
and consultant fees/honoraria from Boston Scientific. D. Blackman 
has received consultant fees/honoraria from Boston Scientific and 
Medtronic. D. Hildick-Smith has received proctor/consultant fees 
from Medtronic, Edwards, and Boston Scientific. M. Spence has 
received honoraria/proctor fees from Boston Scientific, Edwards, 
and Medtronic. D. Walters has received grant support/research 
contracts from Edwards, Boston Scientific, and St. Jude, and con-
sultant/proctor fees from Edwards and Boston Scientific. J. Harnek 

has received proctor fees from Boston Scientific. S. Worthley has 
received grant support/research contracts from Medtronic, St. Jude 
Medical, and Boston Scientific, and honoraria from Medtronic, 
and St. Jude Medical. G. Rioufol has received consultant fees/
honoraria from Medtronic, and St. Jude, and grant support from 
Hexacath. T. Lefèvre has received consultant fees/honoraria from 
Boston Scientific, Edwards, Sanofi, and Tryton, and grant support/
research contracts from Boston Scientific, Direct Flow, Symetis, 
and The Medicines Company. N. Van Mieghem has received 
research grants from Boston Scientific. V. Houle, D. Allocco 
and K. Dawkins have salary/equity interest in Boston Scientific. 
D. Tchétché and T. Modine have no conflicts of interest to declare.

References
 1. Meredith Am IT, Walters D, Dumonteil N, Worthley SG, 
Tchétché D, Manoharan G, Blackman DJ, Rioufol G, Hildick-
Smith D, Whitbourn RJ, Lefèvre T, Lange R, Müller R, Redwood S, 
Allocco DJ, Dawkins KD. Transcatheter aortic valve replacement 
for severe symptomatic aortic stenosis using a repositionable valve 
system: 30-day primary endpoint results from the REPRISE II 
study. J Am Coll Cardiol. 2014;64:1339-48.
 2. Erkapic D, De Rosa S, Kelava A, Lehmann R, Fichtlscherer S, 
Hohnloser SH. Risk for permanent pacemaker after transcatheter 
aortic valve implantation: a comprehensive analysis of the litera-
ture. J Cardiovasc Electrophysiol. 2012;23:391-7.
 3. Lenders GD, Collas V, Hernandez JM, Legrand V, 
Danenberg HD, den Heijer P, Rodrigus IE, Paelinck BP, Vrints CJ, 
Bosmans JM. Depth of valve implantation, conduction disturbances 
and pacemaker implantation with CoreValve and CoreValve 
Accutrak system for Transcatheter Aortic Valve Implantation, 
a multi-center study. Int J Cardiol. 2014;176:771-5.
 4. Maan A, Refaat MM, Heist EK, Passeri J, Inglessis I, 
Ptaszek L, Vlahakes G, Ruskin JN, Palacios I, Sundt T, Mansour M. 
Incidence and Predictors of Pacemaker Implantation in Patients 
Undergoing Transcatheter Aortic Valve Replacement. Pacing Clin 
Electrophysiol. 2015;38:878-86.
 5. Siontis GC, Jüni P, Pilgrim T, Stortecky S, Büllesfeld L, 
Meier B, Wenaweser P, Windecker S. Predictors of permanent 
pacemaker implantation in patients with severe aortic stenosis 
undergoing TAVR: a meta-analysis. J Am Coll Cardiol. 2014;64: 
129-40.
 6. Gensas CS, Caixeta A, Siqueira D, Carvalho LA, Sarmento-
Leite R, Mangione JA, Lemos PA, Colafranceschi AS, Caramori P, 
Ferreira MC, Abizaid A, Brito FS Jr; Brazilian Registry in 
Transcatheter Aortic Valve Implantation Investigators. Predictors 
of permanent pacemaker requirement after transcatheter aortic 
valve implantation: insights from a Brazilian registry. Int J Cardiol. 
2014;175:248-52.
 7. Staubach S, Franke J, Gerckens U, Schuler G, Zahn R, 
Eggebrecht H, Hambrecht R, Sack S, Richardt G, Horack M, 
Senges J, Steinberg DH, Ledwoch J, Fichtlscherer S, Doss M, 
Wunderlich N, Sievert H; German Transcatheter Aortic Valve 
Implantation-Registry Investigators. Impact of aortic valve 



802

EuroIntervention 2
0
17;1

3
:79

6
-8

0
3

calcification on the outcome of transcatheter aortic valve implanta-
tion: results from the prospective multicenter German TAVI regis-
try. Catheter Cardiovasc Interv. 2013;81:348-55.
 8. Fujita B, Kütting M, Seiffert M, Scholtz S, Egron S, 
Prashovikj E, Börgermann J, Schäfer T, Scholtz W, Preuss R, 
Gummert J, Steinseifer U, Ensminger SM. Calcium distribution 
patterns of the aortic valve as a risk factor for the need of permanent 
pacemaker implantation after transcatheter aortic valve implanta-
tion. Eur Heart J Cardiovasc Imaging. 2016;17:1385-1393.
 9. Bleiziffer S, Ruge H, Hörer J, Hutter A, Geisbüsch S, 
Brockmann G, Mazzitelli D, Bauernschmitt R, Lange R. Predictors 
for new-onset complete heart block after transcatheter aortic valve 
implantation. JACC Cardiovasc Interv. 2010;3:524-30.
 10. Nazif TM, Dizon JM, Hahn RT, Xu K, Babaliaros V, 
Douglas PS, El-Chami MF, Herrmann HC, Mack M, Makkar RR, 
Miller DC, Pichard A, Tuzcu EM, Szeto WY, Webb JG, 
Moses JW, Smith CR, Williams MR, Leon MB, Kodali SK; 
PARTNER Publications Office. Predictors and clinical outcomes 
of permanent pacemaker implantation after transcatheter aortic 
valve replacement: the PARTNER (Placement of AoRtic 
TraNscathetER Valves) trial and registry. JACC Cardiovasc 
Interv. 2015;8:60-9.
 11. Rodriguez-Olivares R, Van Gils L, El Faquir N, Rahhab Z, Di 
Martino LF, van Weenen S, de Vries J, Galema TW, Geleijnse ML, 
Budde RP, Boersma E, de Jaegere P, Van Mieghem NM. Importance 
of the left ventricular outflow tract in the need for pacemaker 
implantation after transcatheter aortic valve replacement. Int J 
Cardiol. 2016;216:9-15.
 12. Rubin JM, Avanzas P, del Valle R, Renilla A, Rios E, Calvo D, 
Lozano I, Anguera I, Diaz-Molina B, Cequier A, Moris de la 
Tassa C. Atrioventricular conduction disturbance characterization 
in transcatheter aortic valve implantation with the CoreValve pros-
thesis. Circ Cardiovasc Interv. 2011;4:280-6.
 13. Athappan G, Patvardhan E, Tuzcu EM, Svensson LG, 
Lemos PA, Fraccaro C, Tarantini G, Sinning JM, Nickenig G, 
Capodanno D, Tamburino C, Latib A, Colombo A, Kapadia SR. 
Incidence, predictors and outcomes of aortic regurgitation after 
transcatheter aortic valve replacement: meta-analysis and system-
atic review of literature. J Am Coll Cardiol. 2013;61:1585-95.
 14. Dworakowski R, Wendler O, Halliday B, Ludman P, 
DeBelder M, Ray S, Moat N, Kovac J, Spyt T, Trivedi U, Hildick-
Smith D, Blackman D, Marlee D, Cunningham D, MacCarthy PA. 
Device-dependent association between paravalvar aortic regurgita-
tion and outcome after TAVI. Heart. 2014;100:1939-45.
 15. Van Belle E, Juthier F, Susen S, Vincentelli A, Iung B, 
Dallongeville J, Eltchaninoff H, Laskar M, Leprince P, Lievre M, 
Banfi C, Auffray JL, Delhaye C, Donzeau-Gouge P, Chevreul K, 
Fajadet J, Leguerrier A, Prat A, Gilard M, Teiger E; FRANCE 2 
Investigators. Postprocedural aortic regurgitation in balloon-expand-
able and self-expandable transcatheter aortic valve replacement 
procedures: analysis of predictors and impact on long-term mortal-
ity: insights from the FRANCE2 Registry. Circulation. 2014;129: 
1415-27.

 16. Ledwoch J, Franke J, Gerckens U, Kuck KH, Linke A, 
Nickenig G, Krülls-Münch J, Vöhringer M, Hambrecht R, Erbel R, 
Richardt G, Horack M, Zahn R, Senges J, Sievert H; German 
Transcatheter Aortic Valve Interventions Registry Investigators. 
Incidence and predictors of permanent pacemaker implantation fol-
lowing transcatheter aortic valve implantation: analysis from the 
German transcatheter aortic valve interventions registry. Catheter 
Cardiovasc Interv. 2013;82:E569-77.
 17. Urena M, Webb JG, Tamburino C, Munoz-Garcia AJ, 
Cheema A, Dager AE, Serra V, Amat-Santos IJ, Barbanti M, 
Immè S, Briales JH, Benitez LM, Al Lawati H, Cucalon AM, Garcia 
Del Blanco B, Lopez J, Dumont E, Delarochellière R, Ribeiro HB, 
Nombela-Franco L, Philippon F, Rodés-Cabau J. Permanent pace-
maker implantation after transcatheter aortic valve implantation: 
impact on late clinical outcomes and left ventricular function. 
Circulation. 2014;129:1233-43.
 18. Ludman PF, Moat N, de Belder MA, Blackman DJ, Duncan A, 
Banya W, MacCarthy PA, Cunningham D, Wendler O, Marlee D, 
Hildick-Smith D, Young CP, Kovac J, Uren NG, Spyt T, Trivedi U, 
Howell J, Gray H; UK TAVI Steering Committee and the National 
Institute for Cardiovascular Outcomes Research. Transcatheter aor-
tic valve implantation in the United Kingdom: temporal trends, pre-
dictors of outcome, and 6-year follow-up: a report from the UK 
Transcatheter Aortic Valve Implantation (TAVI) Registry, 2007 to 
2012. Circulation. 2015;131:1181-90.
 19. Petronio AS, Sinning JM, Van Mieghem N, Zucchelli G, 
Nickenig G, Bekeredjian R, Bosmans J, Bedogni F, Branny M, 
Stangl K, Kovac J, Schiltgen M, Kraus S, de Jaegere P. Optimal 
Implantation Depth and Adherence to Guidelines on Permanent 
Pacing to Improve the Results of Transcatheter Aortic Valve 
Replacement With the Medtronic CoreValve System: The 
CoreValve Prospective, International, Post-Market ADVANCE-II 
Study. JACC Cardiovasc Interv. 2015;8:837-46.
 20. Webb J, Gerosa G, Lefèvre T, Leipsic J, Spence M, Thomas M, 
Thielmann M, Treede H, Wendler O, Walther T. Multicenter evalu-
ation of a next-generation balloon-expandable transcatheter aortic 
valve. J Am Coll Cardiol. 2014;64:2235-43.
 21. Thourani VH, Kodali S, Makkar RR, Herrmann HC, 
Williams M, Babaliaros V, Smalling R, Lim S, Malaisrie SC, 
Kapadia S, Szeto WY, Greason KL, Kereiakes D, Ailawadi G, 
Whisenant BK, Devireddy C, Leipsic J, Hahn RT, Pibarot P, 
Weissman NJ, Jaber WA, Cohen DJ, Suri R, Tuzcu EM, 
Svensson LG, Webb JG, Moses JW, Mack MJ, Miller DC, 
Smith CR, Alu MC, Parvataneni R, D’Agostino RB Jr, Leon MB. 
Transcatheter aortic valve replacement versus surgical valve 
replacement in intermediate-risk patients: a propensity score analy-
sis. Lancet. 2016;387:2218-25.
 22. Husser O, Pellegrini C, Kessler T, Burgdorf C, Thaller H, 
Mayr NP, Ott I, Kasel AM, Schunkert H, Kastrati A, 
Hengstenberg C. Outcomes After Transcatheter Aortic Valve 
Replacement Using a Novel Balloon-Expandable Transcatheter 
Heart Valve: A Single-Center Experience. JACC Cardiovasc 
Interv. 2015;8:1809-16.



803

EuroIntervention 2
0
17;1

3
:79

6
-8

0
3

REPRISE II extension PPM determinants

 23. Manoharan G, Walton AS, Brecker SJ, Pasupati S, 
Blackman DJ, Qiao H, Meredith IT. Treatment of Symptomatic 
Severe Aortic Stenosis With a Novel Resheathable Supra-Annular 
Self-Expanding Transcatheter Aortic Valve System. JACC 
Cardiovasc Interv. 2015;8:1359-67.
 24. Ben-Shoshan J, Konigstein M, Zahler D, Margolis G, Chorin E, 
Steinvil A, Arbel Y, Aviram G, Granot Y, Barkagan M, Keren G, 
Halkin A, Banai S, Finkelstein A. Comparison of the Edwards 
SAPIEN S3 Versus Medtronic Evolut-R Devices for Transcatheter 
Aortic Valve Implantation. Am J Cardiol. 2017;119:302-307.
 25. Noble S, Stortecky S, Heg D, Tuller D, Jeger R, Toggweiler S, 
Ferrari E, Nietlispach F, Taramasso M, Maisano F, Grunenfelder J, 

Jüni P, Huber C, Carrel T, Windecker S, Wenaweser P, Roffi M. 
Comparison of procedural and clinical outcomes with Evolut R ver-
sus Medtronic CoreValve: a Swiss TAVI registry analysis. 
EuroIntervention. 2017;12:e2170-e2176.
 26. Popma JJ, Reardon MJ, Khabbaz K, Harrison JK, 
Hughes GC, Kodali S, George I, Deeb GM, Chetcuti S, 
Kipperman R, Brown J, Qiao H, Slater J, Williams MR. Early 
Clinical Outcomes After Transcatheter Aortic Valve Replacement 
Using a Novel Self-Expanding Bioprosthesis in Patients With 
Severe Aortic Stenosis Who Are Suboptimal for Surgery: Results 
of the Evolut R U.S. Study. JACC Cardiovasc Interv. 2017;10: 
268-275.


