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 Approximately 200 000 surgical aortic valveApproximately 200 000 surgical aortic valve Approximately 200,000 surgical aortic valve Approximately 200,000 surgical aortic valve 
replacements are performed annually.replacements are performed annually.

 Over the last 10 years, the majority of surgically Over the last 10 years, the majority of surgically y , j y g yy , j y g y
implanted aortic valves have been implanted aortic valves have been bioprostheticbioprosthetic..

 With a life expectancy of 10With a life expectancy of 10--20 years, and implantation 20 years, and implantation 
in younger patients, there will be a significant increase in younger patients, there will be a significant increase 
in the number of patients requiring redo surgery for in the number of patients requiring redo surgery for b p s q g d s g yb p s q g d s g y
failed failed bioprosthesesbioprostheses..

Brown JM et al; The Journal of Thoracic and Cardiovascular Surger; V.137; No.1; 1/09; p82



 Reoperation (redo) is the standard of care for failed Reoperation (redo) is the standard of care for failed p ( )p ( )
bioprostheticbioprosthetic valves.valves.

 Operative mortality for an elective redo aortic valve Operative mortality for an elective redo aortic valve 
surgery ranges fromsurgery ranges from 22% to% to 77%; however it can increase%; however it can increasesurgery ranges from surgery ranges from 22% to % to 77%; however, it can increase %; however, it can increase 
to to 3030% in high% in high--risk or frail patientsrisk or frail patients

 TAVI provides a minimally invasive alternative to TAVI provides a minimally invasive alternative to 
ti l dti l dconventional redo surgery.conventional redo surgery.

Piazza et al.; JACC: CARDIOVASCULAR INTERVENTIONS, VoL. 4, NO. 7, 2011



TECHNIQUESTECHNIQUES



Anatomy of (Stented) Anatomy of (Stented) y ( )y ( )
BioprostheticBioprosthetic Valve Valve 

A – Sewing ring

B – Frame / Stent Post

C LeafletsC - Leaflets



I t t T h i l StI t t T h i l StImportant Technical StepsImportant Technical Steps

 Choose correct sizeChoose correct size

 PositionPosition transcathetertranscatheter valve in correct positionvalve in correct position Position Position transcathetertranscatheter valve in correct positionvalve in correct position



Choosing Correct SizeChoosing Correct SizeChoosing Correct SizeChoosing Correct Size
Need to know true internal diameter of valveNeed to know true internal diameter of valve

 To choose the right size of TAVI deviceTo choose the right size of TAVI device
 To avoid PP mismatch and valve dysfunctionTo avoid PP mismatch and valve dysfunction



ID ChartsID Chartsss
Size Type Stent Internal 

Diameter 
(mm)

Profile Height 
(mm)

(mm)

19
Perimount 18 14
Perimount 
Magna Ease

18 13
Mitroflow 15.4 11.0
Mosaic 17.5 13.5

21
Perimount 20 1521 Perimount 
Magna Ease

20 14

Mitroflow 17 3 13 017.3 13.0
Mosaic 18.5 15

23
Perimount 22 16
Perimount 22 15Perimount 
Magna Ease

22 15
Mitroflow 19.0 14.0
Mosaic 20.5 16

25
Perimount 24 17
Perimount 
Magna Ease

24 16.0
Mitroflow 21 0 15 0Mitroflow 21.0 15.0
Mosaic 22.5 17.5



T ID ?T ID ?True ID ?True ID ?
Eff f l fl iEff f l fl i d i i IDd i i IDEffect of leaflet mounting Effect of leaflet mounting –– reduction in IDreduction in ID

Porcine Valves Thin Pericardial Leaflets  Leaflets outside
insideThe stent The stentCE Porcine std, CE 

Porcin SAV,Hancock
2 Mosaic Intact

Perimount, Perimount Mitroflow, Soprano, 
2, Mosaic, Intact, 
Biocor/Epic, 
Biocor/Epic Supra, 
A i

2700, Magna/Magna ease Trefecta





Correct PlacementCorrect Placement
Sewing Ring provides the AnchorSewing Ring provides the Anchor

 Narrowest diameter is at Narrowest diameter is at 
the level of sewing ringthe level of sewing ringthe level of sewing ringthe level of sewing ring



CoreValve SAPIEN

Typically positioned ~6mm 
b l i i

Typically positioned 
4 b l ibelow sewing ring ~4mm below sewing 

ring; Ensure not too 
low to leavelow to leave 
uncovered leaflets



R diR di M kM kRadioRadio--opaque Markers opaque Markers 

‐ Sewing ring‐ Sewing ring
‐ Frame
‐ None



R diR di S i RiS i RiRadioRadio--opaque Sewing Ringopaque Sewing Ring

Hancock II, Epic, Soprano, Mitroflow

Place CoreValve 6mm below radio-opaque sewing ring

Place SAPIEN 4mm below radio-opaque sewing ring
(due to foreshortening, may need to start ~1/3 below sewing ring



R diR di FFRadioRadio--opaque Frameopaque Frame

Frame below sewing ring

Perimount CE PorcinePerimount, CE Porcine

Place transcatheter valve inflow
At same level as frame inflowAt same level as frame inflow

Frame same level as sewing ring

Magna, Trifecta
Place transcatheter valve inflow
b l f i flbelow frame inflow
- CoreValve 6mm below
- SAPIEN 4mm below



RadioRadio--opaque stent tipsopaque stent tipsp q pp q p
MosaicMosaic



N R diN R di M kM kNo RadioNo Radio--opaque Markersopaque Markers

Aspire; Medtronic Intact

Use TOE and aortography



Vinnie Bapat
St Th ’ H it l UKSt Thomas’ Hospital, UK

Bapat, V., et al. Catheter Cardiovasc Interv. 2013;81:853-61



OUTCOMESOUTCOMES



Gl b l lGl b l l ii l i tl i tGlobal valveGlobal valve--inin--valve registryvalve registry



Global Valve in Valve Registryg y
Patients undergoing VIV procedures in 63 sites in Europe, North-

America, Australia, New Zealand, South Africa, South America 
and the Middle-Eastand the Middle-East

(n=681)

After Data Lock
Isolated Mitral  VIV / VIR

Isolated Tricuspid VIV / VIR
(n=134)

After Data Lock
April 2013 (n=88)

(n 134)

Aortic  VIV 
procedures*procedures

(n=459)

Stenosis RegurgitationCombined**Stenosis
(n=181)

Regurgitation
(n=139)

Combined
(n=139)

* Including 3 cases of combined aortic VIV and mitral VIV.
** At least a moderate degree of both stenosis and regurgitation while both mechanisms are comparable in their severity** At least a moderate degree of both stenosis and regurgitation while both mechanisms are comparable in their severity. 



Baseline DemographicsBaseline Demographics

Stenosis
n= 181

Regurgitation
n= 139

Combined
n= 139

P

Age (yrs) 78.8± 7.8 77.1± 10.6 76.6± 11.1 0.10 

Gender (% male) 48 66 9 55 4 0 002Gender (% male) 48 66.9 55.4 0.002 
LogEuroSCORE 32.3 ± 17.1 30.3 ± 18.8 34.1 ± 18.6 0.24 
STS score (%) 12.3 ± 10.3 11.2 ± 8.4 13.4 ± 13.1 0.24 ( )
NYHA class IV 26.2% 36.7% 38.1% 0.001 
Height (cm) 167.1 ± 9.9 168.1± 9.7 166.5 ± 9.8 0.20 
Weight (kg) 77.6 ± 16.5 72 ± 13.3 70.8 ± 14.1 0.0003 

BMI (kg/m2) 27.7 ± 4.8 25.4 ± 3.9 25.5 ± 4.2 <0.0001

BSA (m2) 1.89  ± 0.24 1.83 ± 0.2 1.8  ± 0.21 0.002 

Stented bioprosthesis 95.6% 60.4% 78.4% <0.0001 

Label size <=21mm 37% 20.9% 26.6% 0.005 



Baseline DemographicsBaseline Demographics

Edwards 
SAPIEN CoreValve

213
PSAPIEN

n= 246
n= 213

Age (yrs) 77.6 ± 9.7 77.6 ± 10 0.95 

Gender (% male) 58.5% 53.1% 0.25 

LogEuroSCORE 33 ± 19.2 31.3 ± 16.8 0.31 

STS score (%) 11.9 ± 10.5 12.8 ± 10.6 0.42 

Chronic renal failure 57.3% 38% <0.0001

PVD 31.3% 17.4% <0.0001

Stented bioprosthesis 87% 71.4% <0.0001 

Label size <=21mm 26.4% 31.9% 0.19 



Procedural Characteristics
All

(n=459)
CoreValve

(n=213)
SAPIEN
(n=246) p Value*

Device size
20-mm
23-mm

1 (0.2%)
183 (39.9%)

-
5 (2.3%)

1 (0.4%)
178 (72.4%)

<0.0001

23 mm
26-mm
29-mm
31-mm

183 (39.9%)
236 (51.4%)
36 (7.8%)
3 (0.7%)

5 (2.3%)
171 (80.3%)

34 (16%)
3 (1.4%)

178 (72.4%)
65 (26.4%)

2 (0.8%)
-( ) ( )

Access
Transfemoral
Transapical

270 (58.8%)
171 (37 3%)

197 (92.5%)
-

73 (29.7%)
171 (69 5%)

<0.0001

Transapical
Transaxillary
Transaortic

171 (37.3%)
13 (2.8%)
5 (1.1%)

13 (6.1%)
3 (1.4%)

171 (69.5%)
-

2 (0.8%)
General anesthesia 321 (69 9%) 116 (54 5%) 205 (83 3%) <0 0001General anesthesia 321 (69.9%) 116 (54.5%) 205 (83.3%) <0.0001

TEE usage 293 (63.8%) 96 (45.1%) 197 (80%) <0.0001

Pre-implantation 
valvuloplasty

137 (29.8%) 41 (19.2%) 96 (39%) <0.0001



Procedural CharacteristicsProcedural Characteristics

All CoreValve SAPIEN p Value*(n=459) (n=213) (n=246) p Value*

Attempted device 
retrieval

22 (10.3%) 22 (10.3%) NA NA
retrieval

Post-implantation 
valvuloplasty

48 (10.5%) 40 (18.8%) 8 (3.3%) <0.0001
valvuloplasty

Second TAVR 
device 

26 (5.7%) 16 (7.5%) 10 (4.1%) 0.052

implantation



Post procedure Echocardiographyp g p y

Stenosis Regurgitation Combined
P

n=181 n=139 n=139
P

AV area (cm2) 1.37± 0.33 1.56± 0.49 1.56± 0.65 0.01AV area (cm ) 1.37± 0.33 1.56± 0.49 1.56± 0.65 0.01

AV max gradients 
( H ) 32.2± 14.7 22.4± 11.6 29.1± 13.6 <0.001(mmHg)

AV mean gradients 18 4± 9 8 12 0± 6 7 16 0± 8 3 <0 001(mmHg) 18.4± 9.8 12.0± 6.7 16.0± 8.3 <0.001

AR (≥2) 2.8% 9.4% 5% 0.04AR (≥2) % % %

LVEF (%) 53.7± 9.9 49.0± 11.6 51.2± 12.9 0.002



30-day Clinical Outcomes

Stenosis Regurgitation Combined
P

y

n=181 n=139 n=139
P

Death 10.5% 4.3% 7.2% 0.04

Cardiovascular death  8.8% 3.6% 6.5% 0.06

Major stroke‡ 0 6% 2 2% 2 9% 0 26Major stroke‡  0.6% 2.2% 2.9% 0.26

Death or major 
stroke

10.5% 6.5% 10.1% 0.42
stroke 

Major vascular 
complication‡

7.7% 7.2% 12.9% 0.11
co p cat o

Major/life‐
threatening bleeding

11% 3.6% 8.6% 0.01

Acute kidney injury * 
(VARC≥2)

8.8% 7.2% 5.8% 0.58

















Independent Predictors for 1-Year Mortality 
P t A ti VIVPost Aortic VIV

The strongest independent predictor is bioprosthesis stenosis.

p 95% Confidence Interval HR 

0 0021 8 12 54 8
Baseline stenosis vs. 

0.0021.8 – 12.54.8
combined 

0.0081.4 – 7.73.2
Baseline stenosis vs. 

it tiregurgitation 

0.002 1.01 – 1.05 1.03 STS score (%) 

0.09 0.95 – 1.0 0.98 
Baseline left‐ventricular 
ejection‐fraction (%) 

Included in the analysis and found non‐ significant:
Patient age during VIV procedure, gender, diabetes mellitus, baseline renal failure the 

d d d i d d i VIV d (Ed d SAPIEN C V l )access used and device used during VIV procedure (Edwards SAPIEN vs. CoreValve). 



Safety & Efficacy Concern 1:
Device MalpositioningDevice Malpositioning

P= 0.04



Safety & Efficacy Concern 2:
Ostial Coronary ObstructionOstial Coronary Obstruction

Stenosis Regurgitation Combined P

Coronary 3 9% 0 7% 0 7% 0 02Obstruction 3.9% 0.7% 0.7% 0.02



Examples of  Ostial Coronary Obstruction

Center #29, case#7

Sorin Freedom Stentless 21mm (ID 19mm)

Center #30, case#3

Sorin Freedom Stentless 21mm (ID 19mm)
Balloon Valvuloplasty
before attempted CoreValve implantation

Ce te 30, case 3

Mitroflow 25mm (ID 21mm)
Tranapical Edwards‐SAPIEN 23mm

Sorin Mitroflow
Center #13, case#4

Sorin Freedom Stentless 23mm (ID 21mm)
Transfemoral CoreValve 26mmSorin Freedom Stentless

CryoLife O’Brien Stentless
Center #37, case#9

Mitroflow 21mm (ID 17.3mm)
Transapical Edwards‐SAPIEN 23mm

CryoLife O Brien Stentless
Mosaic

Center #27, case#3

CryoLife O’Brien (stentless) 25mm (ID 23mm)
Transfemoral CoreValve 29mm

Center #34, case#6

Mitroflow 21mm (ID 17.3mm)
Tranfemoral CoreValve 26mm

Center #11, case#11

Mosaic 21mm (ID 18.5mm)
Transapical Edwards‐SAPIEN 23mm



Safety & Efficacy Concern 3:
Ele ated Post Proced ral GradientsElevated Post Procedural Gradients



Safety & Efficacy Concern 3:
Ele ated Post Proced ral GradientsElevated Post Procedural Gradients

Independent Predictors for Elevated GradientsIndependent Predictors for Elevated Gradients

p95% Confidence IntervalHR

<0.0012.94 – 12.506.25
Baseline stenosis vs. 

it tiregurgitation

0.0061.23 – 3.402.05
Edwards SAPIEN (vs. 
CoreValve)CoreValve)

Included in the analysis and found non‐ significant:
t f bi th i ( t t d t tl ) bi th i i t l di ttype of bioprosthesis (stented vs. stentless), bioprosthesis internal‐diameter, 
postimplantation valvuloplasty.



The leaflets are positioned within the The leaflets are positioned above
surgically implanted valve; thus are 
highly dependent on the inner 
dimension of the surgical

the surgically implanted valve; 
reducing dependence on the inner 
dimension of the surgical dimension of the surgical 

bioprosthesis.
dimension of the surgical 
bioprosthesis.



C l iC l iConclusionConclusion

 ValveValve--inin--valve as a treatment for patients with a failed valve as a treatment for patients with a failed 
aorticaortic bioprosthesisbioprosthesis is feasible safe and effectiveis feasible safe and effectiveaortic aortic bioprosthesisbioprosthesis is feasible, safe and effective.is feasible, safe and effective.

 PostPost--procedural gradients in Valveprocedural gradients in Valve--inin--Valve procedures Valve procedures 
are usually higher than in native aortic valve repairare usually higher than in native aortic valve repairare usually higher than in native aortic valve repair.are usually higher than in native aortic valve repair.
 Especially with SAPIEN valve used in small Especially with SAPIEN valve used in small bioprosthesisbioprosthesis

 MalpositioningMalpositioning and coronary occlusion are specific and coronary occlusion are specific p gp g y py p
concernsconcerns



C l iC l iConclusionConclusion

 PrePre--case planning is critical to procedural successcase planning is critical to procedural success..

 UnderstandUnderstand Understand Understand 
 Correct SizingCorrect Sizinggg
 Correct positioning Correct positioning –– and use of and use of fluroscopicfluroscopic markersmarkers



Complicated valve‐in‐valve‐in‐valve treatment of a 
stenotic bioprosthetic aortic valvestenotic bioprosthetic aortic valve

Gerald Yong MBBS (Hons) FRACP FSCAI

Interventional CardiologistInterventional Cardiologist

Royal Perth Hospital

lWestern Australia



Safety & Efficacy Concern 3:
Ele ated Post Proced ral Gradients

Post VIV Procedure Severe Aortic Stenosis

Elevated Post Procedural Gradients

Post VIV Procedure Severe Aortic‐Stenosis

Mitroflow 21mm (ID 17.3mm)
Transapical Edwards‐SAPIEN 23mmp
Post TAVR mean gradients: 88/58mmHg

Mitroflow 21mm (ID 17 3mm)Mitroflow 21mm (ID 17.3mm)
Tranfemoral Edwards‐SAPIEN XT 23mm
Post TAVR gradients: 93/48mmHg





Safety & Efficacy Concern 4: Durability?
Severe AR 3 yrs following TAVI within failed stentless valve and one year after suspected endocarditisSevere AR 3 yrs following TAVI within failed stentless valve and one year after suspected endocarditis 



Future Directions / Unanswered Questions/ Q

• Treatment of “operable” high-risk patients with 
failed bioprosthetic valves.failed bioprosthetic valves.

• Durability of VIV-procedure devices.u ab ty o p ocedu e de ces

• Treatment of failed small surgical valves.g

• Sizing during VIV procedures.g g

• Appropriate changes in surgical valve replacement 
tipractice.



Acknowledgement
Center Key Personnel 

St Paul’s, Vancouver, 
Canada

John Webb, Marco Barbanti, Anson 
Cheung, Jian Ye

Center Key Personnel 

Clinical Institute S. Ambrogio, 
Milan, Italy

Francesco Bedogni, Luca Testa, Nedy 
Brambilla, Maria Luisa Laudisa

d i i i l ik iGerman Heart Center, 
Munich, Germany

Sabine Bleiziffer, Rüdiger Lange, 
Nicolo Piazza, Domenico Mazzitelli

Asklepios Clinics St. Georg, 
Hamburg, Germany

Ulrich Schaefer, Christian Frerker, 
Felix Kreidel, Dimitry Schewel, Karl-

Odense University Hospital, 
Denmark 

Henrik Nissen

University of Heidelberg, 
Germany

Raffi Bekeredjian

Spedali Civili Brescia, Italy Ettori Federica, Claudia Fiorina
Heinz Kuck

Deutsches Herzzentrum 
Berlin, Berlin, Germany

Miralem Pasic, Unbehaun A, Dreysse S, 
Buz S, Drews T, Kukucka M, Mladenow A, 
Klein C, Hetzer R

San Raffaele Scientific Antonio Colombo Azeem Latib Matteo

Hemodynamic and Invasive 
Cardiology Unit, IRCCS 
Istituto Clinico Humanitas, 
Milan, Italy

Marco Giovanni Mennuni, Patrizia 
Presbitero

University Hospital of Enrico Ferrari Ludwig von SegesserSan Raffaele Scientific 
Institute, Milan, Italy

Antonio Colombo, Azeem Latib, Matteo 
Montorfano, Alaide Chieffo, Francesco 
Maisano

University Heart Center 
Hamburg, Hamburg, 
Germany

Hendrik Treede, Moritz Seiffert

University Hospital of 
Lausanne, Lausanne, 
Switzerland

Enrico Ferrari, Ludwig von Segesser

Leids Universitair Medisch 
Centrum, Leiden, the 
Netherlands

Frank van der Kley, Meindert 
Palmen, Arend de Weger

Germany
Quebec Heart and Lung 
Institute, Quebec city, 
Canada

Josep Rodés-Cabau, Luis Nombela-
Franco, Eric Dumont, Daniel Doyle, 
Robert DeLarochellière

Sussex Cardiac Centre, David Hildick-Smith, Uday H Trivedi

Netherlands
Bern University Hospital, Bern, 
Switzerland

P Wenaweser, C Huber, Stephan 
Windecker, Thierry Carrel

University of Padova, Italy Massimo Napodano, Giuseppe 
Tarantini, Giambattista Isabella

Brighton, UK
Royal Brompton Hospital, 
UK

Neil E Moat, Simon Davies

Hospital Bichat, Paris, 
France

Alec Vahanian, Dominique Himbert, 
Fleur Descoutures

,
Hopital Jacques Cartier, 
Massy, France

Thierry Lefevre, Kentaro Hayashida

University Heart Center 
Dresden, Dresden, Germany

Manuel Wilbring; Utz Kappert; Klaus 
Matschke

St George's Hospital, London, Stephen Brecker, David Roy, Marjan 
Rabin Medical Center, 
Israel

Ran Kornowski, Abid Assali, Hana 
Vaknin-Assa

G. Pasquinucci Hospital, 
Massa, Italy

Alfredo Giuseppe Cerillo, Sergio Berti, 
Mattia Glauber, Cataldo Palmieri

Columbia University. New Susheel Kodali, Mat Williams, Marti 

g p , ,
UK

p , y, j
Jahangiri

Ospedale Niguarda Ca' 
Granda, Milan, Italy

Federico De Marco, Silvio Klugmann, 
Giuseppe Bruschi, Jacopo Oreglia

Clinique Pasteur, Toulouse, 
F

Didier Tchetche, Olivier Vahdat, 
B F h J F j d ty

York, USA
, ,

Leon
Kerckhoff HeartCenter, 
Bad Nauheim, Germany

Thomas Walther, Won-Keun Kim, Helge 
Möllmann, Jörg Kempfert

Universitaetsklinikum 
Regensburg, Germany

Christian Hengstenberg, Michael Hilker, 
Oliver Husser

France Bruno Farah, Jean Fajadet

Hospital de Santa Cruz, 
Lisboa, Portugal 

Rui Campante Teles, Jose Neves

Sheba Medical Center, Israel Victor Guetta, Amit Segev



Acknowledgement
Center Key Personnel 

Rangueil University Hospital, 
Toulouse, France

Nicolas Dumonteil, Bertrand 
Marcheix

Center Key Personnel 

Tel-Aviv Medical Center Arik Finkelshtein

Azienda Ospedaliero Universitaria Antonio Marzocchi FrancescoMarcheix
Segeberger Kliniken GmbH, Bad 
Segeberg, Germany

Mohamed Abdel-Wahab, Gert 
Richardt

Azienda Ospedaliero-Universitaria 
Pisana, Pisa, Italy Anna Sonia Petronio

Azienda Ospedaliero Universitaria 
di Bologna. Policlinico Sant'Orsola 
Malpighi, Bologna, Italy

Antonio Marzocchi, Francesco 
Saia

Centro Hospitalar de Vila Nova de 
Gaia, Vila Nova de Gaia, Portugal

Vasco Gama Ribeiro

, , y
Hospital de Santa Cruz, Lisboa, 
Portugal Rui Campante Teles, Jose Neves

Sheba Medical Center, Israel Victor Guetta, Amit Segev
Rangueil University Hospital Ni l D t il B t d

Medizinische Klinik und Poliklinik 
II, Universitaetsklinikum Bonn, 
Bonn, Germany

Jan-Malte Sinning, Nikos 
Werner, Georg Nickenig, 
Eberhard Grube

University Hospital Duesseldorf, 
Germany

Marc W. Merx, Malte Kelm,
Rangueil University Hospital, 
Toulouse, France

Nicolas Dumonteil, Bertrand 
Marcheix

Segeberger Kliniken GmbH, Bad 
Segeberg, Germany

Mohamed Abdel-Wahab, Gert 
Richardt

Azienda Ospedaliero Universitaria

y

Azienda Policlinico Vittorio 
Emanuele, Catania, Italy 

Gian Paolo Ussia, Corrado 
Tamburino

Hamilton hospital WDHB, New 
Zealand

Sanjeevan Pasupati, Gerald 
Devlin, Rajesh Nair

Azienda Ospedaliero-Universitaria 
Pisana, Pisa, Italy Anna Sonia Petronio

Hospital Universitario Virgen de la 
Victoria. Málaga, Spain

José María Hernández‐García, 
Antonio J. Muñoz‐García, Juan H 
Alonso‐Briales Manuel F

Zealand 

Charles Nicolle Hospital, 
University of Rouen, France

Helene Eltchaninoff, Alain 
Cribier, Christoph Tron

Villa Azzurra Hospita, Rapallo, 
Italy

Paolo Pantaleo

Alonso‐Briales, Manuel F 
Jiménez‐Navarro 

Bergmannsheil Ruhr-University, 
Bochum, Germany

Michael Gotzmann, Waldemar 
Bojara

West-German Heart Center Essen, 
E U i i H i l E

Philipp Kahlert, Matthias 
Thi l D i l W d

Silesian Center for Heart Diseases 
in Zabrze, Poland

Piotr Chodor, Krzysztof 
Wilczek

AKH Linz, Austria Michael Grund

Alfred Hospital Melbourne, 
Australia

Antony Walton, Stephen Duffy
Essen University Hospital, Essen, 
Germany

Thielmann, Daniel Wendt, 
Thomas Konorza

Cardio-Angiological Center 
Bethanien, Frankfurt, Germany

Holger Eggebrecht

Bristol Heart Institute, UK Andreas Baumbach, Ali 
Kh di M k T

Australia
Blackpool, UK David H Roberts

Cardiocentre Royal Vineyards, 
Prague, Czech republic

Viktor Kocka

University Hospital of Geneva, Stephane Noble, Marco Roffi
Khavandi, Mark Turner

Sahlgrenska University Hospital, 
Gothenburg, Sweden

Dan Ioanes

y p ,
Switzerland

p ,

Washington Hospital Center, 
Washington DC, USA

Ron Waksman, Rebecca 
Torguson, Lowell F Satler, 
Augusto D Pichard



Bioprosthetic Market Bioprosthetic Market pp
BackgroundBackground

 Approximately Approximately 200200,,000 000 surgical aortic valve surgical aortic valve 
l f d lll f d ll 11replacements are performed annuallyreplacements are performed annually11..

 Over the lastOver the last 1010 years the majority of surgicallyyears the majority of surgically Over the last Over the last 10 10 years, the majority of surgically years, the majority of surgically 
implanted aortic valves have been implanted aortic valves have been bioprostheticbioprosthetic..

 With a life expectancy of With a life expectancy of 1010--20 20 years, and years, and 
implantation ofimplantation of bioprostheticbioprosthetic valves in youngervalves in youngerimplantation of implantation of bioprostheticbioprosthetic valves in younger valves in younger 
patients, it is expected that there will be a patients, it is expected that there will be a 
significant increase in the number of patients significant increase in the number of patients 
requiring redo surgery for failedrequiring redo surgery for failed bioprosthesesbioprostheses..requiring redo surgery for failed requiring redo surgery for failed bioprosthesesbioprostheses..

1. Brown JM et al; The Journal of Thoracic and Cardiovascular Surger; V.137; No.1; 1/09; p82



R l f TAVIR l f TAVIRole of TAVIRole of TAVI
 Reoperation (redo) is the standard of care for failed Reoperation (redo) is the standard of care for failed bioprostheticbioprosthetic valves.valves.

 However, for patients who are elderly and have associated comorbidities, redo However, for patients who are elderly and have associated comorbidities, redo 
surgery may not be a viable option.surgery may not be a viable option.
 Operative mortality for an elective redo aortic valve surgery ranges from Operative mortality for an elective redo aortic valve surgery ranges from 22% % to to 77%%; however, ; however, 

it can increase to it can increase to 3030% % in highin high--risk and nonrisk and non--elective patientselective patients11

 Risk is especially high for patients who have undergone a previousRisk is especially high for patients who have undergone a previous sternotomysternotomy and areand are Risk is especially  high for patients who have undergone a previous Risk is especially  high for patients who have undergone a previous sternotomysternotomy and are and are 
typically frail.typically frail.

 TAVI provides a minimally invasive alternative to conventional redo surgery.TAVI provides a minimally invasive alternative to conventional redo surgery.

 Results up to Results up to 1 1 year show positive outcomes for the use of TAVI in failed year show positive outcomes for the use of TAVI in failed 
surgical bioprosthesessurgical bioprostheses22. . 
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1. Piazza et al.; JACC: CARDIOVASCULAR INTERVENTIONS, VoL. 4, NO. 7, 2011
2. Dvir et al., CirculationAHA. Oct 2012



Type of Type of BioprostheticBioprosthetic Valve Valve 
F ilF ilFailureFailure

Categorized as Categorized as ASAS, , AR or CombinedAR or CombinedAortic Stenosis  (AS)( )

Indicator Mild Moderate Severe
Jet Velocity (m/second) Less than 3.0 3.0-4.0 > 4.0

Mean gradient (mm Hg)* Less than 25 25-40 > 4.0

Valve area (cm2) Greater than 1.5 1.0-1.5 < 1.0

Valve area index (cm2 per m2) < 0.6Va ve a ea de (c pe ) 0.6

Aortic Regurgitation (AR)

Angiographic Grade 1+ 2+ 3-4+

Color Doppler jet width Central jet, width less 
<25% of  LVOT

>Mild but 
no signs of  severe AR

Central jet,
width > 65% LVOT

Doppler vena contracta width (cm) Less than 0.3 0.3-0.6 > 0.6

Regurgitant volume (ml/beat) Less than 30 30-59 ≥ 60

Regurgitant fraction (%) Less than 30 30-49 ≥ 50

Regurtitant orifice area (cm2) Less than 0.10 0.10-0.29 ≥ 30

Left ventricular size -- -- Increased

1. Bonow et al;  ACC/AHA Practice Guidelines. JACC Vol. 48, No.3, 2006.



Causes of Valve FailureCauses of Valve FailureCauses of Valve FailureCauses of Valve Failure

Piazza et al.; JACC: CARDIOVASCULAR INTERVENTIONS, VoL. 4, NO. 7, 2011



VIV Procedure:  PreVIV Procedure:  Pre--case case 
PlanningPlanningCareful preCareful pre--case planning is essential to Valvecase planning is essential to Valve--inin--Valve procedural successValve procedural success

Patient Selection Patient Selection Valve IdentificationValve Identification Valve SizingValve Sizing

Avoid patients presenting 
with a degenerative 

Verify model of  failed 

valve through
Utilize CoreValve size 

chart to determine
surgical valve that:

• Has significant concomitant 
PVL

valve through 

fluoroscopic imaging

• CT is highly recommended 

chart to determine 

appropriate size 

CoreValve to implant

• Is not securely fixed in the 
native annulus

• Is not structurally intact

to validate ID of  failed 
bioprosthesis

• Determine valve height
• Has a partially detached 

leaflet (could potentially 
obstruct coronary ostium)

Medtronic CoreValve System Procedural Best Practices for Stented UC201304471 EE and for Stentless UC201304805 EE



VIV P d P d l TiVIV P d P d l TiVIV Procedure:  Procedural TipsVIV Procedure:  Procedural Tips
 BalloonBalloon predilatationpredilatation of aof a stenoticstenotic surgical aorticsurgical aortic bioprosthesisbioprosthesis has not beenhas not been Balloon Balloon predilatationpredilatation of a of a stenoticstenotic surgical aortic surgical aortic bioprosthesisbioprosthesis has not been has not been 

evaluated.  In cases where there is severe stenosis, evaluated.  In cases where there is severe stenosis, predilatationpredilatation of the surgical of the surgical 
aortic aortic bioprosthesisbioprosthesis may be performed, and the steps used are identical to the may be performed, and the steps used are identical to the 
native valve native valve predilatationpredilatation

 Determine valve positioning relative to the ringDetermine valve positioning relative to the ring

 In In stentlessstentless –– use anatomic or reference markers and/or root injectionsuse anatomic or reference markers and/or root injections

 Avoid too low/ too high implantation*Avoid too low/ too high implantation*/ g p/ g p

 The need for rapid pacing is the same as in a native procedureThe need for rapid pacing is the same as in a native procedure

A h i k f l i b h i l l l flA h i k f l i b h i l l l fl Assess the risk of coronary occlusion by the surgical valve leaflet Assess the risk of coronary occlusion by the surgical valve leaflet 
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Medtronic CoreValve System Procedural Best Practices for Stented UC201304471 EE and for Stentless UC201304805 EE
*Recommended implant depth is 4mm-6mm



S l S i l V lS l S i l V lSample Surgical Valves Sample Surgical Valves 

Medtronic Hancock II CE Porcine

Medtronic Mosaic St. Jude Biocor Supra



Valve PositioningValve PositioningValve PositioningValve Positioning
Location of Angiographic Markers in Surgical Valves VariesLocation of Angiographic Markers in Surgical Valves Varies

Markers located in crown

Markers located in sewing ring

Markers located belo se ing ringMarkers located below sewing ring



VIV P d H d iVIV P d H d iVIV Procedure:  HemodynamicsVIV Procedure:  Hemodynamics
G di d f ll i VIV d i ll hi h hG di d f ll i VIV d i ll hi h h Gradients measured following VIV procedures are typically higher than Gradients measured following VIV procedures are typically higher than 
gradients observed in native annulus procedures.   Higher postgradients observed in native annulus procedures.   Higher post--procedural procedural 
gradients can be attributed to two factors:gradients can be attributed to two factors:gg

 PatientPatient--prosthesis mismatchprosthesis mismatch

 VIV procedures will not resolve gradients caused by mismatch of the originallyVIV procedures will not resolve gradients caused by mismatch of the originally VIV procedures will not resolve gradients caused by mismatch of the originally VIV procedures will not resolve gradients caused by mismatch of the originally 
implanted surgical valve; however, it will reduce gradients resulting from subsequent implanted surgical valve; however, it will reduce gradients resulting from subsequent 
failure of that valve.failure of that valve.

 Decreased orifice areaDecreased orifice area

 VIV procedures inherently decrease the aortic valve area (AVA) within the annulusVIV procedures inherently decrease the aortic valve area (AVA) within the annulus

 IntraIntra--annular annular designs further decreasing the aortic valve designs further decreasing the aortic valve area.area.

 CoreValveCoreValve maximizes AVA with its supramaximizes AVA with its supra--annular design; therefore, only the annular design; therefore, only the NitinolNitinol frame and frame and 
skirt rest within the failed surgical valve.skirt rest within the failed surgical valve.gg
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Dvir et al., CirculationAHA. Oct 2012



V lV l ii V l St diV l St diValveValve--inin--Valve StudiesValve Studies

 Multiple studies have produced results showing ValveMultiple studies have produced results showing Valve--inin--Valve Valve implantation to implantation to be a be a 
viable treatment option for extreme and high risk patients. viable treatment option for extreme and high risk patients. 

 The Global The Global ValveValve--inin--Valve Valve Registry Registry has reported on Valvehas reported on Valve--inin--Valve Valve procedures in procedures in 
more than 460 patients using both the more than 460 patients using both the CoreValveCoreValve bioprosthesisbioprosthesis and SAPIEN and SAPIEN device in device in 
a variety of different degenerative a variety of different degenerative bioprostheticbioprosthetic valvesvalves..y gy g pp

 Two additional studies conducted by Two additional studies conducted by BedogniBedogni et al., and et al., and LinkeLinke et al., evaluated et al., evaluated 
CoreValveCoreValve in Valvein Valve--inin--Valve procedures with 25 and 27 patients respectively. Valve procedures with 25 and 27 patients respectively. 



Gl b l V lGl b l V l ii V l R i tV l R i tGlobal ValveGlobal Valve--inin--Valve RegistryValve Registry

Overview:  Overview:  Retrospective collection of data; Retrospective collection of data; 38 38 centers from Europe, North America, centers from Europe, North America, 
Australia, New Zealand and the Middle East.  Australia, New Zealand and the Middle East.  
 The CoreValve The CoreValve 2626mm & mm & 2929mm and Sapien mm and Sapien 2323mm & mm & 2626mm devices were used in this study.mm devices were used in this study.

Purpose: Purpose: To evaluate the efficacy and safety of To evaluate the efficacy and safety of ViVViV proceduresprocedures

Objectives:

• Examine clinical outcomes• Examine clinical outcomes

• Evaluate results of ViV procedures 
performed inside bioprostheses types

• Give correlates for high post-procedural 
gradients  

• Supply data on possible rare complications• Supply data on possible rare complications

• Compare procedural characteristics and 
clinical results of performing Valve in Valve 
b t SAPIEN d C V l

Note: This study was physician initiated and not supported 
b M dt i
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Dvir et al., CirculationAHA. Oct 2012
between SAPIEN and CoreValve by Medtronic



Global Valve in Valve Registry Global Valve in Valve Registry g yg y
DesignDesign

Patients undergoing ViV procedures in 55 sites in Europe, Northa‐America, 
Australia, New Zealand and the Middle‐East (n=566)

18 patients enrolled after data 
lock (September 10th 2012) were Isolated Mitral VIV / ViR

(n 88) not analyzed(n=88)

Aortic VIV 
procedures* (n=460)

Regurgitation
(n=139)

Combined**
(n=139)

Stenosis
(n=182)

* Including 3 cases of combined aortic VIV and mitral VIV.
** At least a moderate degree of both stenosis and regurgitation while both mechanisms are comparable in their severity.



B li D hiB li D hiBaseline DemographicsBaseline Demographics
St i R it ti C bi dStenosis

n= 182
Regurgitation

n= 139
Combined

n= 139
p Value

Age (yrs) 78.8± 7.8 77.1± 10.6 76.6± 11.1 0.10

Gender (% male) 47.5 66.9 55.4 0.002

LogEuroSCORE 32.3 ± 17.1 30.3 ± 18.8 34.1 ± 18.6 0.24

STS score (%) 12.3 ± 10.3 11.2 ± 8.4 13.4 ± 13.1 0.24

Diabetes Mellitus (%) 40.1 21.2 21.4 <0.001

Peripheral VascularPeripheral Vascular 
Disease (%) 30.6 23.5 22.9 0.22

Chronic Renal Failure 
(%) 44.5 50.8 51.9 0.37(%)

Previous stroke (%) 13.3 12.8 9.2 0.52

Dvir et al., TCT. Miami, Fl. Oct 2012



Procedural OutcomesProcedural Outcomes
High Procedural SuccessHigh Procedural Success

Procedural Results
Total 

(n=202)
CoreValve
(n=124)

SAPIEN
(n=78) p ValueProcedural Results (n=202) (n=124) (n=78) p Value

Procedural Success 188 (93.1%) 120 (96.8%) 68 (87.2%) 0.009

2nd TAVR Valve 17 (8.4%) 10 (8.1%) 7 (9%) 0.82V V v ( %) ( %) ( %)

Coronary obstruction 7 (3.5%) 4 (3.2%) 3 (3.8%) 1.0

Emergent surgery 4 (2%) 1 (0.8%) 3 (3.8%) 0.3g g y ( ) ( ) ( )

Post-implantation BAV 25 (12.4%) 21 (16.9%) 4 (5.1%) 0.01

Dvir et al., CirculationAHA. Oct 2012



P d l O tP d l O tProcedural OutcomesProcedural Outcomes
Total CoreValve SAPIEN

30-Day Outcomes
Total 

(n=202)
CoreValve
(n=124)

SAPIEN 
(n=78) p Value

Death 17 (8.4%) 9 (7.3%) 8 (10.3%) 0.45

Major Stroke 4 (2%) 2 (1.6%) 2 (2.6%) 0.64

Death or Major Stroke 20 (10.4%) 11 (8.9%) 9 (11.5%) 0.48

Major Vascular Complication 7 (3.5%) 2 (1.6%) 5 (6.4%) 0.11

Permanent pacemaker 15 (7.4%) 11 (8.9%) 9 (11.5%) 0.48p ( ) ( ) ( )

Mean gradients (mmHg) 15.9 ± 8.6 13.9 ± 7.5 19.2 ± 9.2 <0.0001

Dvir et al., CirculationAHA. Oct 2012



Global ValveGlobal Valve--inin--Valve Registry Valve Registry g yg y
SurvivalSurvival

Dvir et al., CirculationAHA. Oct 2012

Note: the chart reflects results including both CoreValve and Sapien.



Global ValveGlobal Valve--inin--Valve Registry Valve Registry 
Improvements in AV area, mean gradients, and regurgitation in Valve in Valve Improvements in AV area, mean gradients, and regurgitation in Valve in Valve 

dd

g yg y
ResultsResults

proceduresprocedures

100%97%100%

AR ≥ 2AV Area (cm2)
AV Mean Gradients

(mmHg)

Post- Post-

70%

80%

90%

Stenosis 

Baseline Post
Procedure Baseline Post

Procedure

Stenosis
(n=182) 0.70 ± 0.20 1.37 ± 0.33 46.4 ± 16.1 18.4 ± 9.8

40%

50%

60%
(n=182)

Regurgitation 
(n=139)

C bi i

Regurgitation
(n=139) 1.48 ± 0.60 1.56 ± 0.49 18.0 ± 10.1 12.0 ± 6.7

Combination 0.91± 0.30 1.56 ± 0.65 37.6 ± 14.9 16.0 ± 8.3

11% 10%
10%

20%

30%

40% Combination 
(n=139)

(n=139) 0.91± 0.30 1.56 ± 0.65 37.6 ± 14.9 16.0 ± 8.3

p value <0.001 0.01 <0.001 <0.001

Note: the chart and graph reflect results including both 
CoreValve and Sapien.

2% 4%

0%

10%

Baseline Post-procedure
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CoreValve and Sapien.

Dvir et al., TCT. Miami, Fl. Oct 2012



Global ValveGlobal Valve--inin--Valve RegistryValve RegistryGlobal ValveGlobal Valve inin Valve Registry Valve Registry 
Hemodynamic ResultsHemodynamic Results

Dvir et al., TCT. Miami, Fl. Oct 2012



Hemodynamics in ValveHemodynamics in Valve--inin--Valve Valve 
I l iI l iImplantationImplantation

Large potential orifice area
Leaflets sit above the annulus 
where the frame is least 
constrained opening up the valveconstrained, opening up the valve 
for greater flow

25% larger Potential Orifice 
Area than SAPIEN XT

1. Dvir et al., TCT. Miami, Fl. Oct 2012
2. Medtronic Data on File. Comparison between CoreValve and SAPIEN XT in surgical bioprosthesis



Global ValveGlobal Valve--inin--Valve RegistryValve RegistryGlobal ValveGlobal Valve inin Valve RegistryValve Registry
Predictors of High PostPredictors of High Post--Procedural GradientProcedural Gradient

Dvir et al., CirculationAHA. Oct 2012



Additi l V lAdditi l V l ii V l St diV l St diAdditional ValveAdditional Valve--inin--Valve StudiesValve Studies
Low gradient, high procedural success and high survival rates were also observed in 

ddi i l di l i C V l i l i l dtwo additional studies analyzing CoreValve in valve-in-valve procedures. 

Linke et al

(n=27)

Bedogni et al

(n=25)

Procedural Success 100% 100%
Mean Gradient at 30 Days 13 ± 9 13.8 ± 8.5
Survival at 30 Days 92.6% 88%
Survival at 1 Year 88% N/A*
N P k I l i 3 7% 12%New Pacemaker Implantation 3.7% 12%

*Survival at 6 months was 84%Survival at 6 months was 84%

1. Linke et al., Circ Cardiovasc Interv. Oct 2012
2. Bedogni et al., Cardiovascular Interventions. Vol.4.no.11, 2011



SupraSupra--Annular Valve Function in Annular Valve Function in pp
VIVVIV

Medtronic Hancock II Medtronic Mosaic


