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Abstract
Paravalvular leak (PVL) following transcathetertaovalve replacement (TAVR) is associated
with worse long-term outcomes. The Lotus Valve npooates an innovative adaptive seal
designed to minimize PVL. This analysis evaluatedlihcidence and predictors of PVL
following implantation of the Lotus transcathetertec valve. The REPRISE |l study with
Extended Cohort enrolled 250 high-surgical riskgyas with severe symptomatic aortic
stenosis. Aortic regurgitation was assessed bycacmgraphy pre-procedure, at discharge and
30 days by an independent core lab. Baseline asmkegural predictors of mild or greater PVL at
30 days (or at discharge if 30-day data were nail@ve) were determined using a multivariate
regression model (N=229). Among 229 patients, B&P4) had no/trace PVL, 30 had mild, and
2 had moderate PVL; no patient had severe PVL.ifgignt predictors of mild/moderate PVL
included device:annulus area ratio (odds ratio [@Y7 (95% CI. 0.83-0.92p<0.001), LVOT
calcium volume (OR:2.85;(1.44-5.63)7=0.003), and annulus area (OR:0.89(0.82-0.96);
P=0.002). When the device:annulus area ratio washelrate of mild/moderate PVL was 53.1%
(17/32). The rates of mild/moderate PVL with 0-8941,0%, and >10% annular oversizing by
area were 17.5% (11/63), 2.9% (2/70), and 3.2%3)2(&spectively. Significant independent
predictors of PVL included device:annulus areaoraiid LVOT calcium volume. When the
prosthetic valve was oversized ¥§%, the rate of mild or greater PVL was only 3%. In
conclusion, the overall rates of PVL with the LoWmve are low and predominantly related to

device/annulus areas and calcium; these findings maplications for optimal device sizing.

Key Words: aortic valve stenosis, transcatheter aortic vatyglantation, clinical trial,

paravalvular regurgitation



Paravalvular leak (PVL) is a significant predictdmortality following transcatheter
aortic valve replacement (TAVR)Reported predictors of PVL post-implantation wfitist-
generation transcatheter aortic valves include lasfaevice size mismatch; annulus
eccentricity; excessive calcification in the annulus, leaftatteft ventricular outflow tract
(LVOT); device implantation depth; baseline aodranitral regurgitation; baseline atrial
fibrillation; and valve choice (CoreValve versup®m)3®° The Lotus Aortic Valve (Boston
Scientific, Marlborough, MA, USA) incorporates amovative Adaptive Seal™ designed to
minimize PVL. Although the overall incidence of PWith the Lotus valve is low, mild PVL
has been reported in up to 10-15% of patients aa38’° The objective of this analysis was to
assess patient, anatomic, and procedural charstaterihat predicted PVL following TAVR

with the Lotus Valve in the REPRISE Il Study witktEnded Cohort.

Methods

Key features of the Lotus Valve (Boston Scientifitariborough, MA, USA) are shown
in Figure 1. The valve incorporates bovine pericardium leafieto a woven nitinol frame and
has a central radiopaque marker to enable preosgning. An Adaptive Seal™ at the base of
the valve is designed to prevent PVL by sealingyaular interstices between the concentric
valve frame and eccentric anatomy. The Lotus Vaweployed via controlled mechanical
expansion, with no rapid pacing required, and fimmst early in the deployment cycle to
facilitate hemodynamic stability. The valve is refimnable and fully retrievable even after full
deployment, allowing assessment of paravalvulanngtation and the need for repositioning if
necessary. Two valve sizes, 23mm and 27mm, weikablafor use in this study. Balloon pre-

dilatation was mandated in the study protocol.



The REPRISE Il study design and methods have besfiopsly described®. In brief,
the REPRISE Il Study Extended Cohort was a prosgeaingle-arm, multicenter trial designed
to evaluate the safety and performance of the L\dalge System for the treatment of patients
with symptomatic aortic stenosis. Patients agéd years with New York Heart Association
(NYHA) functional classll, and a baseline aortic annulus sSE20mm but<27mm were
considered eligible for enrollment if they had ai®bty of Thoracic Surgery (STS) Scor&% or
were deemed to be at high surgical risk by thellHeart Team due to comorbidities or frailty.
All Heart Team assessments were confirmed by aaerdse review committee prior to
enroliment. One-hundred and twenty patients werelledl into the original REPRISE 1l trial,
and an additional 130 patients were enrolled irBkieended Cohort for a total of 250 patients.
Patients were enrolled between October 2012 and 2(it4 at 20 sites in Europe and Australia.
Follow-up occurred post-procedure, at hospitalltasge or 7 days (whichever came first), and

30 days. Follow-up will continue at 3 and 6 mon#usd then annually through 5 years.

The primary performance endpoint for the first pa@ients enrolled in REPRISE 1l was
the mean aortic valve pressure gradient at 30 @ayadjudicated by an independent core
laboratory. The primary safety endpoint for the RESE Il trial Extended Cohort was the rate
of 30-day all-cause mortalify*° Anatomic measures at baseline, including aorticeva
dimensions and calcification, were assessed by atedgomography (CT) in end-systole using
a pre-determined standardized system (3mensio Miekdinaging BV, Bilthoven, The
Netherlands). Paravalvular leak was assessed logaahography at baseline, discharge, and 30
days according to VARC-2 critertd? Independent core labs analyzed both CT (Bethlisrae
Deaconess Medical Center, Boston, USA) and echmgaephic (MedStar, Washington DC,
USA) results. An independent clinical events cottesi adjudicated all adverse clinical events.
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An Institutional Review Board or Ethics Committgmeoved the protocol at each site
prior to patient enroliment. All patients providetitten informed consent. The study complied
with the principles set forth in the DeclarationH¥Isinki, and is registered at

www.clinicaltrials.gov under the identifier NCTO1B8291.

Patient baseline and procedural characteristice w@mpared for patients with and
without mild or greater PVL at 30 days (or at hespdischarge if 30-day data were not
available) using a 2-sided chi-square or Fishectebest for categorical variables, as appropriate,
and Student t tests for continuous variables. \Galuere expressed as mean + standard deviation
for continuous variables and percent (n/N) for gateal variables. Clinical, anatomic,
electrocardiographic, and procedural charactesistiere evaluated as predictors of mild or
greater PVL by multivariate analysis; these factoese assessed by logistic regression with
Wald’s chi-square test and expressed as odds mitlo®©5% confidence intervals. Significance
was defined aP<0.05. Statistical analysis was performed using $#@tware version 9.2 or

above (SAS Institute, Cary, North Carolina, USA).

Results

Two-hundred and fifty patients were enrolled in REEPRISE I trial Extended Cohort
(Figure2). A total of 243 (97.2%) patients underwent clalifollow-up at hospital discharge or
7 days (7 patients died prior to discharge), artl(82.2%) patients had TTE assessment at
discharge, of which 201 were considered evaluahl®YL by the core laboratory. For clinical
follow-up at the primary endpoint of 30 days, ligat withdrew consent at day 11, and 3
patients missed the 30-day follow-up visit withlater follow-up performed, for a total clinical
follow-up or death rate of 98.4% (246/250). Thidgy TTE assessment was performed in 215

patients, of which 177 were considered evaluabl®¥i_ by the core laboratory.



Discharge/7-day PVL data were incorporated intoatha&ysis for those patients who did
not have available 30-day PVL data; this resulted fotal of 229 patients with evaluable
echocardiograms (Figure 2), of whom 183 (79.9%) t@a&VL, 14 (6.1%) had trace PVL, 30
(13.1%) had mild PVL, and 2 (0.9%) had moderate Pafid thus comprised the analysis

population for this manuscripEigur e 3).

Baseline patient and anatomic characteristics vépis with and withoutmild PVL at
discharge/30 days are showriliable 1. Patients wittemild PVL were significantly more likely
to be older, female, have medically treated hypekimia, and have a higher pre-procedure
mean aortic gradient. Calcium volume in the LVO@ amnulus/leaflets was also significantly
greater in patients witamild PVL, particularly with regard to the LVOT (B*9.4mnfvs

22.4+43.3mrhno PVL;P=0.008).

Procedural factors for patients with and witheatild PVL are shown i able 2.
Compared to patients with no PVL, patients withild PVL were significantly more likely to
have received the 23mm valve, to have a lower @itthe maximum balloon diameter to the
valve area, a lower device:annulus area ratio,aalogver device:LVOT area ratio (Table 2).
Patients witlemild PVL were also more likely to have a less deeplantation; this difference
was statistically significant when measured fromn lgft coronary sinus, but not when measured
from the non-coronary sinus. The degree of valhergizing in relation to both the annulus and
LVOT was significantly correlated with a decreasat of PVL (Table 2). Valve repositioning
or retrieval during implantation and measured walsfined as minimum valve diameter divided
by maximum valve diameter) were not significantiffetent between patients with and without

PVL.



Mortality was not significantly different betweerogps in this analysis. Kaplan-Meier
rates of all-cause mortality at 1 year were 87.Q%adtients wittemild PVL versus 91.7% in
patients with none/trace PVL (log-raf&0.41), although it should be noted that this comspa

is underpowered.

Significant independent predictorshild PVL by multivariate analysis were the
annulus area, the ratio of the device area torthelas area, and LVOT calcium volumkaple
3). Leaflet and annulus calcium volume trended tolwdoeing an independent predictopafild
PVL, but the difference did not reach statisticgghgicance P=0.06). Medically treated

hyperlipidemia was also a significant independeattor of decreased PVP#£0.01).

The correlation between various levels of valversizéng in relation to the annulus and
the rate obmild PVL is shown irFigure 4. When the valve was undersized (ie, nominal valve
area less than the annular area), the ratendfl PVL was 53.1%. In contrast, slight oversizing
of the valve (0% to 5%) resulted ireanild PVL rate of 17.5%. Above 5%, there appearelego
a plateau effect, with the rateafild PVL remaining at ~3% for both 5% to 10% &arikD%

annular overstretch.

The correlation between various levels of valversizeng and the rate of permanent
pacemaker implantation is shownRigure 5. The pacemaker rate trended higher when
oversizing of the valve in relation to the annukes>10% (38.5% (25/65) vs 25.5% (47/184),
P=0.2), although this did not reach statistical gigance. The pacing rate was more closely
correlated with oversizing in relation to the LVO®ith a significantly higher rate when the

valve was>10% bigger than the LVOT by area (37.4% (43/11521/$% (29/134)P=0.05).

Discussion



In the REPRISE 1l Trial Extended Cohort, overatesaof PVL with the Lotus valve were
very low, with 86% of patients having no or tracéLPas assessed by an independent core lab.
Significant independent predictors of mild/modef@t4. included the ratio of device area to
annulus area, LVOT calcium volume, and annulus. ideen the nominal valve area was
smaller than the annulus, i.e. device:annulus @@ <1, the rate of mild or moderate
paravalvular regurgitation was 53.1%. The ratemitd/moderate paravalvular regurgitation
with 0-5%, 5-10%, and >10% annular oversizing aarere 17.5%, 2.9%, and 3.2%,
respectively, suggesting that optimal valve ovémgizo minimize PVL is >5% by area. While
sizing was universally performed using CT in thisdy, trans-esophageal echocardiography

(TEE) including 3D TEE could also be employed.

General predictors of PVL following TAVR have beeneviously identified as
annulus/device size mismaféh TAVR access routé; annulus eccentricify calcification in
the annulus, leaflets or LVGT? device implantation deptfi; valve post-dilatatiol; moderate
baseline aortic or mitral regurgitatibh™> baseline atrial fibrillatio’ and the use of CoreValve
versus Sapien/Sapien XT**4 In studies of valve-specific PVL predictors, fintors of PVL
following CoreValve implantation include LVOT diatee. annulus/device size mismattit®
and depth of implantatioh:*® For the Edwards Sapien valves (Sapien, SapierS4pien 3),
significant predictors of PVL include size mismatth'®and annular/leaflet/LVOT

calcification®171°

The mechanism for the contribution of annulus/vaiize mismatch to the development
of PVL is intuitive; moreover, overall annulus ovOT size as independent predictors are likely
to be related to size mismatch given that all vahamufacturers have only a discrete number of

valve sizes available. Depth of implantation withr€Valve is likely related to PVL by also
8



affecting the annulus/valve diameter ratio, giviem ¢onical nature of the devit®ln the current
analysis, annulus/size mismatch and annulus sszeestherged as independent predictors of PVL
for the Lotus Valve, a finding that was likely exalcated by the fact that only 2 valve sizes
(23mm and 27mm) were available for the study. Drata the RESPOND registry, in which a
25mm valve was also available, demonstrated eweerloates of PVL with Lotus, with mild or
greater PVL in only 8.0% of patients, potentiai§iecting the ability to select a more optimal
valve size across a greater range of patient aneséfrSpecifically, in the REPRISE Il cohort, a
number of patients with annular diameters abover23were treated with an undersized 23mm
Lotus, increasing the risk of PVL. Balloon pre-thlgon was less frequently performed in the
RESPOND registry than in this study (53.9% vs 100REPRISE Il Extension), though how

this might have impacted on the relative rates\df B less clear.

In contrast, annulus eccentricity and calcificattmmtribute to PVL by preventing full
apposition of the device against the aortic wdllbvang the development of paravalvular jets.
The Adaptive Seal of the Lotus Valve was develdjpealddress this issue and the Lotus valve
has the lowest reported PVL rates of currently labée valves, although even with the Adaptive
Seal, calcification continues to remain a significaredictor of PVL. We found that calcium in
the LVOT was a stronger predictor of PVL than waswdar calcium. This raises the possibility
that sealing in the LVOT may be more important teaaling at the level of the annulus and
leaflets. Patients withmild PVL did have a less deep implant (5.2£2.7mimantthose without
(6.7+£2.8mm;P=0.007), although depth of implant did not emerg@mindependent predictor of
PVL. It is unclear why hyperlipidemia or its treagn would be a preventative factor for PVL
with Lotus. This finding will require further evaldtion in larger studies including the ongoing

REPRISE 11l pivotal trial.



Based on this study and others reported in theatitee, optimal valve sizing for the
prevention of PVL varies according to valve typathéll transcatheter valves, undersizing
results in significantly increased PVL, leavingjuestion the appropriate degree of oversizing
for each. With the Lotus valve, the current resutply that 5% to 10% oversizing results in
~3%>mild PVL, with no further benefit in terms of PVLithr oversizing greater than 10% by
area, suggesting that minimal oversizing of theusatalve is needed to prevent PVL. In
contrast, for Sapien 3, 5% to 10% oversizing hanlseiggested as the optimal sizing and is
associated with 13.3%mild PVL®; similarly, for Sapien XT, >10% oversizing was @sated
with >20% mild PVL)® Although valve sizing has not been studied in geafmild or greater
PVL for CoreValve, one study has noted that 15%5% oversizing of the valve was associated

with the lowest rates of PVL, resulting:i6.3% rates of moderate PV

It is important to note that oversizing of a TAVRIwe in relation to the LVOT and/or
annulus diameters has also been associated wititi@ased need for a permanent
pacemakef?“3which implies there is a need to balance the @degf@versizing to prevent these
two different adverse outcomes (PVL or pacemakléris analysis found that the permanent
pacemaker rate increased with valve oversizinglOPsb in relation to the annulus, although this
finding was not statistically significant; there svao difference in pacing rate with sizing ratios
below this threshold. This strongly suggests tiptin@al oversizing of the Lotus valve to
minimize risk of both PVL and pacemaker rate i90841 It should be noted, however, that
frequency of permanent pacemaker implantation iseratmsely correlated with overstretch in
the LVOT, and that although annular rupture dueuversizing was not observed in the
REPRISE Il study plus Extended Cohort, it has lreported in approximately 0.3% to 0.8% of

patients undergoing TAVFK.
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This study has the usual limitations implicit isiagle-arm, open-label study; however, a
key strength was that all angiographic and echaography results from this trial were
adjudicated by independent core labs. As notediqusly for the REPRISE Il study,only two
valve sizes (23mm and 27mm) were available atithe of the study, while a 25mm valve is
now also available in clinical practice. The rediicate of echocardiographic follow-up
compared with clinical follow-up is also a commanitation in current TAVR trial$° which
was addressed in this analysis by using dischaatgewhere 30-day information was not
available. Further, the limitations of TTE itseifassessing PVL must be considetediowever,
this is the standard for all published valve stadied therefore is broadly applicable. Finally, the
rate of mild or greater PVL with the Lotus Valve<i$5%, meaning that the analysis population
for predictors of PVL in this study is relativelgnall and these results should be regarded as

hypothesis-generating until confirmed in a large t

Acknowledgements

The authors thank Hong Wang, MS (Boston Scien@ificporation) for statistical analysis.

Declaration of interest:

Dr. Daniel J. Blackman reports receiving consulfaes or honoraria from Boston Scientific and
Medtronic. Dr. lan T. Meredith reports receivin@gt support research contracts from Boston
Scientific and Medtronic, and consultant fees ardraria from Boston Scientific. Dr. Nicolas
Dumonteil reports receiving consultant fees andonaria from Biotronik, Boston Scientific,
Edwards Lifesciences, and Medtronic, and proctes feom Boston Scientific, Edwards
Lifesciences, and Medtronic. Dr. David Hildick-Smieports receiving proctor fees or
participating in advisory boards for Medtronic, Eatds Lifesciences, and Boston Scientific. Dr.

Mark S. Spence reports receiving honoraria andtprdees from Boston Scientific and Edwards
11



Lifesciences and proctor fees from Medtronic. Darfen L. Walters reports receiving grant
support or research contracts from Edwards Lifesgs, Boston Scientific, and St Jude,
consultant fees for advisory board participationEdwards Lifesciences, and proctoring for
Edwards Lifesciences and Boston Scientific. Dr. damek reports receiving proctor fees from
Boston Scientific. Dr. Stephen G. Worthley repoeseiving grant support or research contracts
from Medtronic, St. Jude Medical, and Boston Sdientand honoraria from Medtronic and St.
Jude Medical. Dr. Gilles Rioufol reports receivicmnsultant fees or honoraria from Medtronic
and St. Jude Medical, and grant support from Heka€x. Thierry Lefévre reports receiving
consultant fees or honoraria from Boston Scientifidwards Lifesciences, Sanofi, and Tryton,
and grant support or research contracts from BoStoentific, Direct Flow, Symetis, and the
Medicines Company. Drs. Vicki M. Houle, DominicAllocco and Keith D. Dawkins are full-
time employees of and have equity interest in Bo&oientific. Dr. Didier Tchétché reports that

he has no relationships relevant to the contentisi®fpaper to disclose.

12



1. Kodali S, Pibarot P, Douglas PS, Williams M, Xu¥jourani V, Rihal CS, Zajarias A, Doshi
D, Davidson M, Tuzcu EM, Stewart W, Weissman NEr$&son L, Greason K, Maniar H, Mack
M, Anwaruddin S, Leon MB, Hahn RT. Paravalvularuegtation after transcatheter aortic
valve replacement with the Edwards sapien valubenPARTNER trial: characterizing patients
and impact on outcomeBur Heart J 2015;36:449-456.

2. Wong DT, Bertaso AG, Liew GY, Thomson VS, CunnorgMS, Richardson JD, Gooley R,
Lockwood S, Meredith IT, Worthley MI, Worthley S&elationship of aortic annular
eccentricity and paravalvular regurgitation poahscatheter aortic valve implantation with
CoreValve.The Journal of invasive cardiology 2013;25:190-195.

3. Athappan G, Patvardhan E, Tuzcu EM, Svensson leGds PA, Fraccaro C, Tarantini G,
Sinning JM, Nickenig G, Capodanno D, Tamburino &tith A, Colombo A, Kapadia SR.
Incidence, predictors and outcomes of aortic reitatign after transcatheter aortic valve
replacement: Meta-analysis and systematic reviekteohture.J Am Coll Cardiol
2013;61:1585-1595.

4. Dworakowski R, Wendler O, Halliday B, Ludman P Haéder M, Ray S, Moat N, Kovac J,
Spyt T, Trivedi U, Hildick-Smith D, Blackman D, Mae D, Cunningham D, MacCarthy PA.
Device-dependent association between paravalvc aegurgitation and outcome after TAVI.
Heart 2014.

5. Van Belle E, Juthier F, Susen S, Vincentelli AdwB, Dallongeville J, Eltchaninoff H,
Laskar M, Leprince P, Lievre M, Banfi C, Auffray JDelhaye C, Donzeau-Gouge P, Chevreul
K, Fajadet J, Leguerrier A, Prat A, Gilard M, Teige Postprocedural aortic regurgitation in

balloon-expandable and self-expandable transcathetéc valve replacement procedures:

13



analysis of predictors and impact on long-term adayt insights from the FRANCE2 Registry.
Circulation 2014;129:1415-1427.

6. Yang TH, Webb JG, Blanke P, Dvir D, Hansson NCrddard BL, Thompson CR, Thomas
M, Wendler O, Vahanian A, Himbert D, Kodali SK, HaRT, Thourani VH, Schymik G,
Precious B, Berger A, Wood DA, Pibarot P, Rodesdabal Jaber WA, Leon MB, Walther T,
Leipsic J. Incidence and severity of paravalvulatia regurgitation with multidetector
computed tomography nominal area oversizing or tgiziag after transcatheter heart valve
replacement with the Sapien 3: a comparison wighSapien XTJACC Cardiovasc Interv
2015;8:462-471.

7. Meredith IT, Walters DL, Dumonteil N, Worthley SG¢hetche D, Manoharan G, Blackman
DJ, Rioufol G, Hildick-Smith D, Whitbourn RJ, LefexT, Lange R, Muller R, Redwood S,
Allocco DJ, Dawkins KD. Transcatheter Aortic ValReplacement for Severe Symptomatic
Aortic Stenosis Using a Repositionable Valve SystédaDay Primary Endpoint Results From
the REPRISE Il Studyl Am Coll Cardiol 2014;64:1339-1348.

8. Meredith IT, Dumonteil N, Blackman D, Tchetche\Malters D, Hildick-Smith D,
Manoharan G, Harnek J, Worthley SG, Rioufol G, ke#eT, Modine T, Van Mieghem N,
Allocco DJ, Dawkins KD. One-year outcomes with Byfuepositionable and retrievable
percutaneous aortic valve in 250 high surgical patients: results from the REPRISE 1l trial
extended cohort PCR London Valves 2015. Berlinn@zery, 2015.

9. Kappetein AP, Head SJ, Genereux P, Piazza N, vaghé¥m NM, Blackstone EH, Brott TG,
Cohen DJ, Cutlip DE, van Es GA, Hahn RT, Kirtane Kducoff MW, Kodali S, Mack MJ,

Mehran R, Rodes-Cabau J, Vranckx P, Webb JG, Wkedte®, Serruys PW, Leon MB. Updated

14



standardized endpoint definitions for transcathatetic valve implantation: the valve academic
research consortium-2 consensus docundeitn Coll Cardiol 2012;60:1438-1454.

10. Leon MB, Piazza N, Nikolsky E, Blackstone EH, QuiDE, Kappetein AP, Krucoff MW,
Mack M, Mehran R, Miller C, Morel MA, Petersen §itna JJ, Takkenberg JJ, Vahanian A,
van Es GA, Vranckx P, Webb JG, Windecker S, SerRM§ Standardized endpoint definitions
for Transcatheter Aortic Valve Implantation clini¢aals: a consensus report from the Valve
Academic Research ConsortiudnAm Coll Cardiol 2011;57:253-269.

11. Unbehaun A, Pasic M, Dreysse S, Drews T, Kukuckd/ldenow A, Ivanitskaja-Kuhn E,
Hetzer R, Buz S. Transapical aortic valve implaatatincidence and predictors of paravalvular
leakage and transvalvular regurgitation in a sexfe368 patients] Am Coll Cardiol
2012;59:211-221.

12. Buellesfeld L, Stortecky S, Heg D, Gloekler S, Bta8, Wenaweser P, Windecker S. Extent
and distribution of calcification of both the acrinnulus and the left ventricular outflow tract
predict aortic regurgitation after transcathetatiamalve replacemenEur ol ntervention
2014;10:732-738.

13. Hayashida K, Lefevre T, Chevalier B, Hovasse Tm@oo M, Garot P, Bouvier E, Farge A,
Donzeau-Gouge P, Cormier B, Morice MC. Impact oftgarocedural aortic regurgitation on
mortality after transcatheter aortic valve implaiata JACC Cardiovasc Interv 2012;5:1247-
1256.

14. O'Sullivan KE, Gough A, Segurado R, Barry M, Sy Hurley J. Is valve choice a
significant determinant of paravalular leak poanscatheter aortic valve implantation? A

systematic review and meta-analy&ar J Cardiothorac Surg 2014;45:826-833.

15



15. De Carlo M, Giannini C, Fiorina C, Bedogni F, Ndpao M, Klugmann S, Tamburino C,
Maisano F, Santoro G, Ettori F, Petronio AS. Pdrawar leak after CoreValve implantation in
the Italian Registry: Predictors and impact onichhoutcomelnt J Cardiol 2013;168:5088-
5089.

16. Ali OF, Schultz C, Jabbour A, Rubens M, MittalMiphiaddin R, Davies S, Di Mario C, Van
der Boon R, Ahmad AS, Amrani M, Moat N, De JaedePe Dalby M. Predictors of
paravalvular aortic regurgitation following selfganding Medtronic CoreValve implantation:
the role of annulus size, degree of calcificateamg balloon size during pre-implantation
valvuloplasty and implant deptmt J Cardiol 2015;179:539-545.

17. Watanabe Y, Lefevre T, Arai T, Hayashida K, Bou#g Hovasse T, Romano M, Chevalier
B, Garot P, Donzeau-Gouge P, Farge A, Cormier BjdddVIC. Can we predict postprocedural
paravalvular leak after Edwards SAPIEN transcattestetic valve implantation@atheter
Cardiovasc Interv 2015;86:144-151.

18. Gripari P, Ewe SH, Fusini L, Muratori M, Ng AC, faa C, Delgado V, Schalij MJ, Bax JJ,
Marsan NA, Tamborini G, Pepi M. Intraoperative 28D transoesophageal
echocardiographic predictors of aortic regurgitatdter transcatheter aortic valve implantation.
Heart 2012;98:1229-1236.

19. Khaliqgue OK, Hahn RT, Gada H, Nazif TM, Vahl TPe@&ge |, Kalesan B, Forster M,
Williams MB, Leon MB, Einstein AJ, Pulerwitz TC, &son GD, Kodali SK. Quantity and
location of aortic valve complex calcification pretd severity and location of paravalvular
regurgitation and frequency of post-dilation aftaloon-expandable transcatheter aortic valve

replacementJACC Cardiovasc Interv 2014;7:885-894.

16



20. Falk V, Wohrle J, Hildick-Smith D, Bleiziffer S,I8ckman DJ, Abdel-Wahab M, Gerckens
U, Linke A, Ince H, Wenaweser P, Allocco DJ, DawkiKD, Van Mieghem NM. The
RESPOND Study: safety and efficacy of a fully raposable and retrievable aortic valve used
in routine clinical practice EuroPCR 2016. Parigr€e, 2016.

21. Popma JJ. CT Valve Sizing Algorithms for the CanbM Self-Expanding Valve: Lessons
from the U.S. CoreValve Experience Transcathetedi@Gaascular Therapeutics 2014.
Washington, D.C., USA, 2014.

22. Nazif TM, Dizon JM, Hahn RT, Xu K, Babaliaros VpDglas PS, EI-Chami MF, Herrmann
HC, Mack M, Makkar RR, Miller DC, Pichard A, Tuz&M, Szeto WY, Webb JG, Moses JW,
Smith CR, Williams MR, Leon MB, Kodali SK. Predictoand Clinical Outcomes of Permanent
Pacemaker Implantation After Transcatheter Aortadveé Replacement: The PARTNER
(Placement of AoRtic TraNscathetER Valves) Triad &egistry JACC Cardiovasc Interv
2015;8:60-69.

23. Dumonteil N, Meredith IT, Walters D, Worthley SE;hétché D, Manoharan G, Blackman
D, Rioufol G, Hildick-Smith D. Need for permanergggemaker following implantation of the
repositionable second-generation LOTUS devicelerttanscatheter aortic valve replacement:
Results from the REPRISE Il trial ACC 2015. SandoieCA, USA, 2013.

24. Généreux P, Head SJ, Van Mieghem NM, Kodali Stalkig AJ, Xu K, Smith C, Serruys
PW, Kappetein AP, Leon MB. Clinical outcomes aftanscatheter aortic valve replacement
using Valve Academic Research Consortium defingtighweighted meta-analysis of 3,519
patients from 16 studie§. Am Coll Cardiol 2012;59:2317-2326.

25. Meredith IT, Walters D, Dumonteil N, Worthley SG;hétché D, Manoharan G, Blackman

DJ, Rioufol G, Hildick-Smith D, Whitbourn RJ, LefevT, Lange R, Miller R, Redwood S,

17



Allocco DJ, Dawkins KD. Transcatheter aortic vateplacement for severe symptomatic aortic
stenosis using a repositionable valve system: 30pdanary endpoint results from the REPRISE
Il study.J Am Call Cardiol 2014;64:1339-1348.

26. Sorajja P, Pedersen W. Next-generation trans@athettic valve replacement: evolution of a
revolution.J Am Coll Cardiol 2014;64:1349-1351.

27. Sherif MA, Abdel-Wahab M, Beurich HW, Stocker Bachow D, Geist V, Tolg R, Richardt
G. Haemodynamic evaluation of aortic regurgitatfter transcatheter aortic valve implantation

using cardiovascular magnetic resonatzeol ntervention 2011;7:57-63.

18



FigureTitlesand L egends
Figure 1. The Lotus Valve
Figure 2. Study Flow
Figure 3. Aortic regurgitation over time.

Figure 4. Effect of valve sizing on paravalvular leak. Oveztth was defined as the nominal

valve area divided by the annular area.

Figure 5. Effect of valve sizing on newly implanted permaingacemaker (PPM) through
30 days. A) Rate of new PPM by annulus overstré@¢tiRate of new PPM by left ventricular
outflow tract (LVOT) overstretch. Overstretch wasided as the nominal valve area divided by

the annular or LVOT area.
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Table 1. Baseline Patient and Anatomical Char acteristics

Paravalvular Leak

Variable None/Trace >Mild Pvalue
(n=197) (n=32)
Age (years) 84 £5 (197) 86 £5 (32) 0.048
Woman 93/197 (47%) 22/32 (69%) 0.02
STS Score (v2.73) (%) 6.2 + 3.8 (197) 6.8+4.6(32 0.46
Treated diabetes mellitus 55/197 (28%) 4/32 (13%) 0.06
Treated hypertension 152/197 (77%) 23/32 (72%) 510.
Treated hyperlipidemia 121/197 (61%) 13/32 (41%) 0.03
Prior coronary artery disease 104/197 (53%) 14432) 0.34
Prior cerebral vascular accident 13/197 (7%) 3B3) 0.47
Baseline LVEF (%) 53 + 10 (99) 54 + 13 (18) 0.76
Baseline atrial fibrillation 41/196 (21%) 8/32 @% 0.60
Pre-procedure aortic regurgitation (any) 137/1784Y 23/29 (79%) 0.90
Pre-procedure mean aortic gradient (mmHg) 44 AT8) 53 £ 15 (29) <0.001
Annulus diameter (mm)* 24 £ 2 (196) 24 £ 2 (32) 0.8
Annulus area (mAf) 444 + 74 (196) 444 + 55 (32) 0.96
Annulus eccentricity 0.8 £0.1 (196) 0.8+0.1(32) 0.65
LVOT diameter (mm)* 23 +£2(196) 23+2(32) 0.80
LVOT area (mrf) 423 + 81 (196) 417 + 61 (32) 0.72
LVOT eccentricity 0.7 +0.1 (196) 0.7+ 0.1 (32) 0.65
Total LVOT calcium volume (mf) 22 +£43 (196) 71 +£94 (32) 0.008
Total leaflet & annulus calcium volume 836 £ 589 (196) 1109 + 620 (32) 0.02

(mn)



Right coronary cusp leaflet/annulus calcium 229 + 163 (196) 307 £217 (32) 0.06
volume (mmj)

Left coronary cusp leaflet/annulus calcium 285 £ 427 (196) 381 £ 233 (32) 0.07
volume (mm)

Non-coronary cusp leaflet/annulus calcium 322 + 209 (196) 421 + 303 (32) 0.08
volume (mmnj)

Values are mean = standard deviation (n) or n/Mc@re). Anatomic characteristics assessed by
independent core laboratory angiographic analysis.

*Area-derived

TEccentricity defined as perpendicular to the maxmannulus diameter divided by the maximum
annulus diameter.

Abbreviations: LVEF=left ventricular ejection fraah; LVOT=left ventricular outflow tract;
STS=Society of Thoracic Surgeons



Table 2. Procedural Characteristics

Paravalvular L eak
Variable None/Trace il (n=32) P value
(n=197) -
Valve size implanted (mm)
23 79/197 (40%) 24/32 (75%) <0.001
27 118/197 (60%) 8/32 (25%) <0.001
Valve repositioned or retrieved 78/197 (40%) 10/3%0) 0.37
Maximum balloon diameter:valve area ratio 0.9 £(96) 0.8+£0.1(32) 0.004
Measured waist reduction [min/max] (%)* 12.2 + {98) 13.0+4.9 (17) 0.53
Depth of device implantation, left coronary sinus 6.7+2.8(173) 5.2+ 2.7 (28) 0.007
(mm)
Depth of device implantation, non-coronary sinus 5.1 £2.5(171) 4.7 £2.8 (27) 0.52
(mm)
Device area : Annulus area ratio 1.2+£0.1(196) 0 #10.1 (32) <0.001
Annulus overstretch
Any (>0%) 181/196 (92%) 15/32 (47%) <0.001
>5% 129/196 (66%) 4/32 (12.5%) <0.001
>10% 61/196 (31%) 2/32 (6.3%) 0.004
Device area:LVOT area ratio 1.2 +0.2 (196) 1.1232) <0.001
LVOT overstretch
Any (>0%) 181/196 (92%) 22/32 (69%) <0.001
>5% 141/196 (72%) 13/32 (41%) <0.001
>10% 95/196 (49%) 8/32 (25%) 0.01

Values are mean + standard deviation (n) or n/Mc@org). Anatomic characteristics assessed by inkype core

laboratory angiographic analysis.

*Defined as minimum valve diameter divided by maximvalve diameter

TArea-derived

*Overstretch defined as the nominal valve area divioly the LVOT or annular area.

Abbreviations: LVOT=left ventricular outflow tract



Table 3. Multivariate Predictorsof >Mild Paravalvular L eak

Variable OddsRatio 95% ClI P value
Ratio of device area to annulus area (%) 0.87 032 <0.001
Annulus area (per 10 nfin 0.89 0.82,0.96 0.002
Treated hyperlipidemia 0.29 0.11,0.74 0.01
LVOT calcium volume (per 100min 2.85 1.44,5.63 0.03
Leaflet & annulus calcium volume (per 100Mm 1.07 1.00, 1.16 0.06

Abbreviations: Cl=confidence intervals; LVOT=letntricular outflow tract



