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Expanding heart valve opportunity 

 

Aging global populations in developed markets 

Expanding tissue valve segment: 

 

- Addressing younger patients with  

   innovative tissue valve solutions 

- Growing incomes drive adoption of  

   tissue valves in emerging markets 

 

 

 

 







Results AVR 

Early 

Mortality 2,6% (95%CI:1.4-4.4%) 

Stroke 1% (0-7%) 

Reexploration for bleeding 3% (0-10%) 

Reop for AR = 2% (0-16%) 

 

Late 

Endocarditis 0.23%/pt-years (0-0.78%/pt-years) 

Neuro complications 0.52%/pt-years  

(0.95%/pt-years) 

 

 

Re opération for AVR 

2.4%/pt-years (0-4.2%/pt-years) 
 

Risk of Re intervention Bioprothesis > 70 years = 10% 15/20 years 



End of the debate?  
 



TAVI  

for all  

AS patients ? 

https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiQ8PmzlqPaAhUFaVAKHWvWBAYQjRx6BAgAEAU&url=https://pixabay.com/de/hellseher-kristallkugel-wahrsager-1026092/&psig=AOvVaw2wEqfdnqXt-EBa_JALBfVV&ust=1523019008413661


‘Medtronic expects the overall TAVR segment to reach a market value of 

around $4.6 billion in 2021.’ 



TAVR in all AS patients: ‚I predict that TAVR will be a HOMERUN!‘   
Martin  B. Leon – TVT 2017 

https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiBl5n93q_aAhVLtxQKHYQECC0QjRx6BAgAEAU&url=https://cardiovascularnews.com/past-issues/&psig=AOvVaw2oWMUYXixpBi8vST9ZcC2G&ust=1523450887889144


TAVI vs. AVR in Germany 
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Assessment Aortic Valve 
Chirurgie Valvulaire 



Messika-Zeitoun JACC 2010 

Géométrie de l’anneau aortique 

27.5 ±3.1 mm 

21.7 ±2.3 mm 

Forme ovalaire 

Ø moyen anneau aortique TDM > ETT et ETO 

Méthode 3 cavités Méthode biplan 



Rational 

In High risk patients, TAVR is non inferior to SAVR 

Recent trial in intermediate risk patients showed  non inferiority of TAVR 

Center and registry data report good results of TAVR in selected low risk patient 

How those data strongly support generalisation of TAVR indication in less sick 

patients? 
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Choix TAVI vs SAVR 



 Ongoing issues with TAVI and 
Bioprosthesis in intermediate risks pts 
 

PVL and Performance 

Permanent Pacemaker (PM)  

Stroke 

Durability 

Thrombosis 

Economics 

Which valve for which patient? 







Etiology 

Nataatmadja, Circulation, 2002 

Wall tension =  
pressure x radius 

2 (thickness aortic wall)  

Marfan Bicuspidy Normal 

Aneurysms Ascending Aorta 



TDM with cardiac synchronisation 

Confirmation of diameters 

Aortic arch 

3D Reconstruction  



Two morphotypes 

20% 80% 

Aorta Ascending Aneuvrysms  



ESC/EACTS GUIDELINES – 2017 



Causes of Bioprosthetic Valve Dysfunction 

Modified from Capodanno et al. EJCTS 2017; 52:408–417 



A CE valve that had been in place for 15 years. This prosthesis 

shows extensive calcification of the cusps (asterisks) and a tear 

(arrows) at one stent post. The tissue close to this tear shows 

nodular thickening (arrowhead). 



Pannus overgrowth after mitral valve replacement with a CE valve. 

Increased pannus can extend onto the cusp surfaces and can lead to 

thickening of the cusps, increasing its stiffness and thereby affecting 

its ability to open fully, ultimately resulting in stenosis and possibly 

incompetence when the collagen matures and the cusps retract like 

the pleats of an accordion. 



Extensive thrombosis of the prosthetic sinuses of Valsalva of a 

stenotic CE valve.  
 

 



A CE valve explanted from a 75-year-old woman with history of 

chronic atrial fibrillation. It was rigid, heavily calcified, with minimal 

open movement of the 3 cusps. Specimen radiograph demonstrating 

extensive calcium deposits in the cusps*.  
___________________ 

*There is evidence in the literature that extensive calcification of bioprosthetic 

valves depends on thrombosis of the leaflets  



A CE valve showing pannus overgrowth and a tear in leaflet 1 (white 

arrow). X-ray of the valve showed calcification on leaflets 2 and 3. 

 

Pannus formation, on the cusps can shrink the cusps and cause 

regurgitation. Pannus itself can become calcified and lead to further 

valve dysfunction. 
 

 



SJM Trifecta 

valve 

Sorin Mitroflow 

valves 

Carpentier-Edwards 

valves 

Current bioprosthetic valves 

are not recommended for 

patients younger than 60 

years of age who require 

aortic valve replacement. 



A CE valve from a 43-year-old female, at 16 years after implantation. The 

valve is rigid with multiple calcific deposits, pannus overgrowth, leaflet 

hematoma, various disruptions and multiple leaflet  tears . X-ray analysis 

shows extensive calcium deposits in the cusps. 



A CE valve from an adolescent sheep, at 5 months after implantation 

(pannus growth onto the leaflets). 



Stented THV – Long term data 
comparison 

  
 



The Gold Standard in AVR 

Surgical AVR with standard THV? 



Bioprosthesis and Mechanical Valves 



Freedom from structural deterioration Freedom from reopration due to 

structural deterioration 



Courtesy of T. Doenst: 
Durability of Tissue Valves in the Aortic Position. September 2018. 

doi:10.25373/ctsnet.7029461.   

Freedom from SVD  

at 10 Years 

Freedom from SVD  

at 15 Years 

Freedom from SVD  

at 20 Years 

https://doi.org/10.25373/ctsnet.7029461.v1


 Ongoing issues with TAVI and 
Bioprosthesis in intermediate risks pts 
 

PVL and Performance 

Permanent Pacemaker (PM)  

Stroke 

Durability 
Thrombosis 

Economics 

Which valve for which patient? 



Durability ? 



Progression of Mean Gradients 4Ys after TAVI; n=1521 

Del Trigo et al. JACC 2016;67:644-55 

1year 2years 

3years 4years! 



Freedom from THV Degeneration (n=378) 
Combined Vancouver-Rouen Experience 

Dvir D, et al. EuroPCR 2016, Paris 



Dvir D, et al. EuroPCR 2016, Paris 

No marks for 

censoring 

No confidence 

interval 

≈10% of the 

initial sample 

Longitudinal outcome 

definition with no mention 

of snapshots frequence 

No statistical correction for  

competing risk of death  

and informative censoring 

Opportunistic 

snapshots 

Freedom from THV Degeneration (n=378) 



Structural Valve Deterioration 7 years after TAVI  
Case report, 80 y/o female 

SVD after CoreValve 2009  
 TEE at 7y follow-up  

 AS severe, pMean 56mmHg 

 AR moderate-severe 



Structural Valve Deterioration in TAVI 

 CoreValve Explant 

 sAVR (CE-Perimount 

Magna Ease 23mm) 

 Root enlargement  

 Subvalv. myectomy 

 Ao. asc replacement  



Early failure 1 year after self expandable TAVR 



THV Device-anatomy Interaction – In vitro 
Flow patterns and turbulences in TAVI 

Time-resolved overlay of velocities in a 2-D coronal plane 

along with a 3-D rendering of TKE values of all TAVI valves 

Time-resolved traces of particle ejected at 

level C3 of all TAVI valves  

Giese et al. MAGMA 2018; 31:165-172 



Morganti et al. J Biomech 2014;47:2547-55 

THV Device-anatomy Interaction – in vivo 
Asymetric expansion and in-vivo fixation: 



Possible reasons for reduced THV durability 

THV characteristics 
 Lack of advanced anticalcification treatment 

 Limited years of practice 

 Leaflet morphology and design  

THV deployment 
 Valve crimping 

 Small sheath delivery / balloon inflation 

THV device-anatomy interaction 
 No native valve decalcification 

 Device underexpansion / asymetric expansion 

 Paravalvular regurgitation 

Li et al. Ann Biomed Eng 2010 

Sun et al. J Biomech 2010 

Martin et al. J Biomech 2015 

Kiefer et al. ATS 2011 

SVD due to crimping 

SVD due to asymetric expansion  



Tissue Damage due to Crimping on Pericardial Leaflets 

electron microscopy (EM) second-harmonic EM damage indices 

Alavi et al. ATS 2014;97:1260-66 



A B 

C D 

Alteration of the pericardium after crimping 
Crimping should not exceed 30 minutes 



 Ongoing issues with TAVI and 
Bioprosthesis in intermediate risks pts 
 

PVL and Performance 

Limited number of TAVR ViV procedures 

Depends of the native aortic annulus 

 

Importance of native annular anatomy (bicuspid, calcifications, septal 
hypertrophy) 

 



 Ongoing issues with TAVI and 
Bioprosthesis in intermediate risks pts 
 

PVL and Performance 

Permanent Pacemaker (PM)  

Stroke 

Durability 

Thrombosis 
Economics 

Which valve for which patient? 



Subclinical Valve Thrombosis in TAVI  
by Volume-rendered 4D-CT 



Importance  
Limited data exists on clinical or manifest TAVI valve 

thrombosis. Prior studies focused on subclinical thrombosis. 

Study Design 
A retrospective analysis from a single-center registry,  

642 TAVI patients, 2007-2015 

Manifest Valve Thrombosis after TAVI 

Conclusion 
TAVI valve thrombosis is more common than previously 

considered, characterized by imaging abnormalities and 

increased gradients and NTproBNP levels. 

Jose et al. JACC. 2017;10:686-97 



Subclinical Valve Thrombosis after TAVI 

Ruile et al. Clin Res Cardiol 2017;106:85-95 

528 Patients, Follow-up CT (60%) 5 days after TAVI 

Leaflet thickening in 51 patients (9.7%)  



Makkar et al., NEJM 2015;373:2015-24  

CoreValve Protico Sapien XT CE-Perimount 

Subclinical Thrombosis in Bioprosthetic Aortic Valves 

Subclinical thrombosis was shown in bioprosthetic aortic valves: 

THV 21%, SHV 7%  
The condition resolved with therapeutic anticoagulation.  



 sub aortic septal hypertrophy 

Consider balloon expandable 



Anatomy,Calcifications, Bicuspid, Eccentricity 



N=13.857 patients 

EuroSCORE: 22.1±13.7 

1y survival 83% 

2y survival 75% 

3y survival 65% 

5y survival 48% 

7y survival 28% 



 Ongoing issues with TAVI and 
Bioprosthesis in intermediate risks pts 
 

PVL and Performance 

Permanent Pacemaker (PM)  

Stroke 

Durability 

Thrombosis 

Economics 
Which valve for which patient? 





TAVI COST EFFECTIVENESS 

 TAVI MORE EXPENSIVE THAN SAVR 

 

 

Cost-effectiveness of transcatheter aortic valve implantation (TAVI) for aortic stenosis in patients who are high risk or contraindicated for surgery: a model-based economic evaluation R Orlando, M Pennant, S Rooney, S 

Khogali, S Bayliss, A Hassan, D Moore and P Barton 

HEALTH TECHNOLOGY ASSESSMENT VOLUME 17 ISSUE 33 AUGUST 2013ISSN 1366-5278 

R. Orlando; Cost-effectiveness of 

transcatheter aortic valve implantation 

(TAVI) for aortic stenosis in patients who 

are high risk or contraindicated for 

surgery: a model-based economic 

evaluation 

study 
“…The results for TAVI compared with medical 

management in patients unsuitable for surgery are 

reasonably robust and suggest that TAVI is likely to be 

cost-effective. For patients suitable for SAVR, 

TAVI could be both more costly and less 

effective than SAVR…” 

 

R. M. Reynolds, Cost-Effectiveness of 

Transcatheter Aortic Valve Replacement 

with a Self-Expanding Prosthesis 

Compared with Surgical Aortic Valve 

Replacement in High Risk PatientsResults 

from the CoreValveUS High Risk Study 

Corevalve high risk trial 

61 



Increase cost for TAVR vs SAVR 
 
Could have a negative impact for cost containment 
if extended to intermediate risks 
 



 Ongoing issues with TAVI and 
Bioprosthesis in intermediate risks pts 
 

PVL and Performance 

Permanent Pacemaker (PM)  

Stroke 

Durability 

Thrombosis 

Economics 

Which valve for which patient? 



Orban et al. Circulation. 2013;127:e265-e266 

Infective Endocarditis after TAVI 



Association Between TAVI and Infective Endocarditis 

Importance  
Limited data exist on clinical characteristics and outcomes of pts 

with infective endocarditis (IE) after TAVI 

Study Design 
International Registry, IE after TAVI, 47 sites in Europe, North and 

South America, 2005-2015. 

Results  
 A total of 250 cases with IE occurred in 20006 pts after TAVR = 

Endocarditis incidence 1.1% 
 Characteristics associated with higher risk of IE after TAVI was: 

younger age, male, diabetes, and mod-severe AR 

 Most frequently Enterococci spec. and Staph. aureus  

 In-hospital mortality was 36%, and 14.8% underwent surgery  

 The 2-year mortality rate was 66.7% 

Regueiro et al. JAMA. 2016;316:1083-1092. 



 Ongoing issues with TAVI and 
Bioprosthesis in intermediate risks pts 
 

PVL and Performance 

Limited number of TAVR ViV procedures 

Depends of the native aortic annulus 

 

Importance of native annular anatomy (bicuspid, calcifications, septal 
hypertrophy) 

 



3.4% of patients in FRANCE TAVI (150 procedures in France in 2015, with increasing use) 

Grover et al, JACC 2016 

STS/ACC TVT registry 

Auffrey et al, JACC 2017 

 

Background 
• TF = gold standard 

• But: 10 to  15% of patients are ineligible to TF approach 
 



Année 2014 

TAVI 
Autres voies d’accès 

 



2000 2020 

Transfemoral 

retrograde 

First-in-man 

TAVI 

Transseptal 

Anterograde 

2002 2006 

Transapical 

2007 

Transaortic 

Transcarotid 

2010 

Transsubclavian 

Surgical 

Transsubclavian 

Percutaneous 

2017 

Transcaval 

Experience 

Transfemoral 

Transapical 
Transcarotid 

Transsubclavian 

Surgical 

Transaortic 

Transsubclavian 

Percutaneous 

Transcaval 

Approach 

2014 

Relative experience with alternative approaches 



Good  candidate 

 Annulus > 18mm et <27mm 

 no bicuspidy … 

 eccentricity index low 

 Calcifications “spreaded” 

 Enough High with coronaries 



5 Steps for MSCT Analysis of Aorto-Iliac Arteries 

SIZING 

CALCIFICATIONS 

TORTUOSITY 

ANGULATION 

CONTRAINDICATIONS 



Tortuosity 



Angulation > 90° 



Calcifications « Calcified Ring > 60% » 



ABDOMINAL ANEURYSM 



Previously Treated Abdominal Aneurism 



Severe Angulation Of The Aorta 



Double Severe Angulation Of The Aorta 



Embolic Plaques 



A Propensity-Matched Comparison With the Femoral Access 

Petronio, J Am Coll Cardiol 2012;60:502–7 



Subclavian 

Approach: Surgical 

Closure: Surgical 

Critical point : No dedicated 

devices, kinking at the origin 

Pros: Shorter distance 

Risks: Dissection 

Clinical experience : Medium 
 

 

Good candidate 
 No calcification, 

 No tortuosity 

 Easy access to artery 

 

 



TransAortic 

Approach: Surgical 

Closure: Surgical 

Critical point : Distance to aortic 

valve > 6cm 

Pros: Easy access, familiar for 

cardiac surgeons 

Risks: Dissection 

Clinical experience : Small 
 

 



Limitations: Aortic Calcifications 



Carotid 



Why Carotid artery? 
 

• The femoral approach is possible only in 80% of 
cases. 

• Apical:problematic in respiratory insufficiency, higher 
† 

• Trans aortic: chest opening, indirect access 

• Subclavian: fragility and tuortuosity of the vessel 

• The carotid approach offers a direct vascular access 
to the aortic valve, easily accessible, well known 
approach 
 

   
 



Transcarotid procedure/ Anesthesia 

Anesthesia: 

 General (can be done regional block) 

 Radial catheter, and venous peripheral line 

 NIRS 

 Warming blanket 

 5 cm curvilinear incision 2 finger breaths 

from the manubrium 

 

 

 

 

 

 



Small 30 silicone drain on the introducer sheath 

Sheath introduction and prosthesis deployment 

Self expendable or ballloon expendable (Certitude) 

 

 

 

 

 

 

 

 

 

Transcarotid procedure/ TAVI 



Removal of sheath, clamping of the carotid 

Vascular closure, carotid purging 

Closure on a small drain 

 

 

 

 

 

 
 

 

 

Transcarotid procedure/ Closure 
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Conclusions 
Patient referred for 

TAVI 
Femoral Access 

Feasible 

YES NO 

TransApical 

Subclavian 

Carotid 

TransAortic 

1-ROLE OF MSCT 
2-EXPERIENCE 
3-CONFIDENCE 

Reconsider 

Surgery 
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