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Pathology of TAVR 



Surgically Implanted Bioprosthetic Valve: Summary 
    Disadvantages: Limited durability beyond 10 years especially in 

younger patients: cusp degeneration or tears, Ca++, pannus formation 
and endocarditis (1–4% of patients during the 1st year, and in 
approximately 1% per year thereafter.) 
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Years Post SAVR Implant 
Bourguignon T et al. 
Ann Thorac Surg. 
2015;99(3):831-7. 
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Makkar RR et al. N Engl J Med 2015;373:2015-2024. 

Evidence of Reduced Leaflet Motion in Multiple 
Prosthesis Types. 

CoreValve 8% Portico 33% Sapien XT 12% Carpentier-Edwards 7% 

Makkar R, et al/. N Engl J Med 2015;373(21):2015-24 
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S tr a c tu ra l C h a n g e

>30D-180D n=36 
>180D-2Y   n=12 
>2Y              n=18  

Histologic changes of leaflets  
from TAVR valves 

by duration of implant 

Medtronic and Edwards TAVR valve >30 days, n=78 
 Age, years (Median [IQR; range]) 81 (76-88) 

 Male sex 65% 

 Following TAVR, days (Median [IQR; range]) 252 (67-850 [30-1825]) 
 Medtronic / Edwards 61 (73%) / 22 (27%) 

 CoreValve / Evolut R / Sapien / Sapien XT / Sapien 3 60 / 1 / 13 / 6 / 3 
 IE, % (n) *excluded from the analysis 15% (12) 

p=0.04 p=0.0021 

p=0.2 

p=0.04 p=0.01 

p=0.002 

p<0.0001 
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Assessment of Valve Thrombus on Pathology 
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Aortic Surface 
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Yahagi K, et al. Catheter Cardiovasc Interv. 2017  Sep 12.  



De Marchena E,  
R Virmani, et al.  
JACC Cardiovasc Interv.  
2015 Apr 27;8(5):728-39.  

SAPIEN:  
495 days 

CoreValve:  
15 days 

Transcatheter aortic valve failure: Severe Thrombosis (5%) 

Yahagi K, et al.  
Catheter Cardiovasc  
Interv. 2017  
15;90(6):1048-1057.  

Overall 
N=66 

Cases with  
Severe thrombus 

N=12 (18%) 

Cases without  
Severe thrombus 

N=54 (82%) 
P value 

Age 81 (76-88) 85 (76-89) 81 (76-88) 0.7 

Sex (male), % 65% 50% 67% 0.3 

Duration, days 252 (67-850) 257 (86-857) 104 (54-776) 0.3 



Reduced leaflet motion  
in a patient receiving DAPT after TAVR 
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Resolution of reduced leaflet 
motion following 3 months of OAC 

Oral anticoagulation therapy (OAC), but not DAPT, was effective in 
prevention or treatment of subclinical leaflet thrombosis. 



TAVR Stroke Rates with Contemporary Devices 

1 Feldman, et al., EuroPCR 2017; 2Manoharan, et al., J Am Coll Cardiol Intv 2015; 8:  1359-67; 3Moellman, et al., PCR London Valves 2015; 4Grube, 

et al., EuroPCR 2017; 5Kodali, et al., Eur Heart J 2016;  6Vahanian, et al.,  EuroPCR 2015; 7Webb, et. al. J Am Coll Cardiol Intv 2015; 8:  1797-806; 
8DeMarco, et al, TCT 2015; 9Meredith, et al., PCR London Valves 2015; 10Falk, et al. Eur Heart J 2017; 11Kodali, TCT 2016; 12Reardon, M NEJM 

2017; 13Reichenspurner H, et al., JACC 2017; 14Popma et al, JACC:CVInt 2017;10(3):268-75 
 

 Stroke remains an issue (~4.4% average rate) in contemporary TAVR studies.  

 TAVR device trials tend to emphasize only the major/disabling stroke rates. 

Corevalve/ 
Evolut R 

Sapien3 Lotus Centera Accurate 
Neo 

Portico 



TAVI DEVICES 

Foreign material 

NATIVE HEART 

Myocardium 

TRANSVERSE ARCH 

Arterial wall, calcific 

and atherosclerotic 

material 

ASCENDING ARCH  

Arterial wall, calcific 

and atherosclerotic 

material 

STENOTIC VALVE  

Leaflet tissue and 

calcific deposits 

Sources of Debris During TAVR 

99% 99% 

6% 

50% 

94% 

50% 
36% 

16% 

Any Acute
Thrombus

Organizing
Thrombus

Valve
Tissue

Arterial Wall Calcification Foreign
Material

Myocardium

Patients with  
captured debris 
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PARTNER 5-year Echocardiographic performance (SAPIEN) CoreValve 5-year Follow-up (registry) 

Transcatheter Valve Durability 
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89 y.o. female, with a history of AS, DM, HLP, HTN, and CHF 
Died due to congestive heart failure, 1477days (4 years) 
after TAVR implantation 

NCC 

A case with mild structural changes 

base 
tip 

aortic side 

ventricular side 



Eur Heart J 2012;33(5):586 

Aortic view             Ventricular view 

Transcatheter aortic valve failure: Calcification 
Edwards SAPIEN: 5 years CoreValve: 5 years 

Overall 
N=66 

Cases with  
Leaflet calcification 

N=11 (17%) 

Cases without  
Leaflet calcification 

N=55 (83%) 
P value 

Age 81 (76-88) 84 (77-89) 81 (74-88) 0.4 

Sex (male), % 65% 54% 65% 0.5 

Duration, days 252 (67-850) 877 (517-1470) 93 (49-499) 0.0002 

Basal Edge Aortic Surface 



Endocarditis: CVPath Registry  

Bioprosthetic valve failure: Endocarditis 

Overall n=151 >30 days, n=83 

Age, years (Median [IQR; range]) 84 (77-89) 81 (76-88) 

Male sex, % (n) 57% 65% 

Following TAVR, days (Median [IQR; range]) 45 (8-341 [0-1825]) 252 (67-850 [30-1825]) 

Medtronic / Edwards 72% (109) / 28% (42) 73% (61) / 27% (22) 

CoreValve / Evolut R / Sapien / Sapien XT / Sapien 3 107 / 2 / 20 / 17 / 5 60 / 1 / 13 / 6 / 3 

IE, % (n) 8% (12) 14% (12) 

Cases with  
Endocarditis 
N=12 (15%) 

Cases without  
endocarditis 
N=66 (85%) 

P value 

Age 80 (74-87) 81 (76-88) 0.5 

Sex (male), % 67% 65% 0.9 

Duration, days 340 (111-962) 252 (67-850) 0.5 

Cases with Endocarditis N=12 (15%) 

Age 80 (74-87) 

Sex (male), % 67% 

Duration, days 340 (111-962) 

TAVR and subsequent Infective endocarditis incidence is 1.1%per person-year (age 80, 64% men)  
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Pathology of mitral devices 



Mitral Valve repair vs. Replacement 

Christina M. 
Vassileva et al. 
Circulation. 
2013;127:1870-1876 

Survival following  

Mitral Valve 

Repair by age 

Survival following  

Mitral Valve 

Replacement by 

age 

Cumulative 

proportion 

surviving 



CE-marked Transcatheter Mitral 

Valve Repair Technologies  

Taramasso  M, et al., EuroIntervention 2016 



Latest Transcatheter Mitral Valve 
Annuloplasty Devices 

 Presented by  Maisano F @ TCT2017 



Mitral Clip implanted for Functional MR  

AML 

PML 
Bridge  

Atrial View 

Mitral 
Clip 

Ventricular view 

AML 

A B 

Mitral orifice 
Mitral orifice 

Implant duration 356 days 



Anterior 
Leaflet 

Posterior 
Leaflet 

MAC 



Transcatheter mitral valve replacement 
technologies: early clinical experiences.  

 

Taramasso  M, et al., EuroIntervention 2016 

Intrepid 

Several TMVR devices are currently under clinical evaluation and the early experience  
has demonstrated the feasibility of TMVR 



Intrepid TMVR: Medtronic 
APOLLO Trial - pivotal trial designed to 
evaluate the Intrepid(TM) TMVR system 

• Intra-annular,  trileaflet bovine pericardial valve 
contained in a self-expanding nitinol frame.  

• The inner stent houses the valve and the outer 
fixation ring accommodates the variability of the 
Mitral valve.  

• Notice the trough completely covered by 
organized neoendocardial tissue.  

Inner stent 

Trough 

Inner stent Fixation ring 

Leaflet 



CardiAQ (Edwards) 

Left ventricle 

Left atrium 

Native 
mitral 
valve 

• Self-expanding supra-annular trialeaflet valve composed of 
bovine pericardial tissue.  

• The nitinol frame has 2 sets of opposing anchors which secure 
the device to the mitral apparatus.  

• The ventricular anchors rest behind the mitral leaflets and sub-
valvular apparatus preserving the chords and using native 
leaflets as support.  

• Currently, Cardia-Q is undergoing design evaluation so we can 
expect to see this device soon in a clinical trial . 



 

Tiara CE marked 

 

• Neovasc Tiara TMVR it is the only valve with a D-shape design.  
• It is a self –expanding trialeaflet valve made of bovine pericardium and a nitinol 

frame.  

Leaflet 



4C Medical 

• The first transcatheter MR treatment that preserves the native mitral valve and left ventricle 
using a supra-annular, atrial-only fixation technology. 

• The device is placed and anchored entirely in the left atrium. 

Atrial Roof 

Posterior 

Anterior 

Lateral 

Medial 

MicroCT 



Summary 
TAVR 

 Pathological severe thrombosis, that may cause reduced leaflet 
motion;  was seen in 12% in CVPath TAVR registry.  

 Oral anticoagulation therapy, but not DAPT, is effective in 
prevention or treatment of subclinical leaflet thrombosis. 

 Structural changes of the leaflet are likely the main causation of 
late (>5 year) bioprosthetic valve failure. 

Mitral devices 

 Transcatheter valve repair in patients with high operative surgical 
risk are an extremely relevant clinical group for percutaneous 
repair than replacement.  

 It is likely that combinations of percutaneous repair or valve 
replacement will be needed to achieve optimal results. 

 Percutaneous repair may be the preferred alternative. 

 



Acknowledgments 

Washington DC 

CVPath Institute, Inc. 

CVPath Institute 

Hiroyuki Jinnouchi, MD 
Atsushi Sakamoto, MD 
Sho Torii, MD 
Liang Guo, PhD 
Robert Kutyz, MS 
Russ Jones 
Ed Acampado, DVM 
Abebe Atiso, HT 
Jinky Beyer 
Lila Adams, HT 
Frank D Kolodgie, PhD 
Aloke V Finn, MD 


