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70 years of Prosthetic Valves

• 1952  Hufnagel

• 1959  Starr-Edwards Caged Ball
• 1969  Bjork-Shiley Tilting Disc
• 1977   St Jude Bileaflet

• 1966  Carpentier Porcine
• 1971  Ionescu-Shiley Bovine



Mainstream Valve Substitutes
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How to Assess Durability?

Bench Test

Animal Test

Clinical Results



Pulse Duplicator

1 billion cycles = 25 years



Lillehei-Kaster removed after 762 million cycles (19 years) without discernible wear. 

Shiley Pyrolite disc                             973 million cycles            24 years
Starr-Edwards 2320                           150 million cycles            3.8 years
Björk-Shiley Delrin disc                      140 million cycles            3.5 years
Hufnagel trileaflet                               124 million cycles.           3.1 years

Shiley porcine pericardial                     65 million cycles            1.6 years
Hancock porcine                                   62 million cycles           1.6 years
Edwards porcine                                   34 million cycles           0.9 years



J THoRAc CARDIOVASC SURG 92:894-907, 1986

Outlet Strut Fracture Autopsy



https://americanhistory.si.edu/collections/search/object/nmah_1726280





Improved Performance
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Evolution of INR

1995   
Cannegieter et al   INR 2.5-3.9

2017 
AHA/ACC  INR 2.5+ASA, 3.0 caged
ESC           INR 2.5, 3.0 risk factors

+0.5/+1.0/+ASA

INR 2.5



PROACT Trial

Enrollment in the low-risk arm of the 
PROACT trial terminated because of 
increased cerebral TE events in the 
treatment group. 



TE Event p < 0.001

Bleed p < 0.001

Enrollment in the low-risk 
arm of the PROACT trial 
terminated Jan 2014 
because of increased 
cerebral TE events in the 
treatment group. 

PROACT Trial



INR 1.5-2.0



N Engl J Med 2013;369:1206-14.

The trial was terminated prematurely after the 
enrollment of 252 patients because of an excess of 
thromboembolic and bleeding events among patients 
in the dabigatran group.

RE-ALIGN Trial



N Engl J Med 2013;369:1206-14.

These results might be explained by the relative inability of dabigatran to suppress activation of coagulation that occurs when blood is exposed
to the artificial surfaces of the valve prosthesis. The use of dabigatran has no positive value and was associated with excess risk in patients with mechanical heart valves.N Engl J Med 2013;369:1206-14.

Increase TE Increased Bleeding

RE-ALIGN Trial



PROACT Xa





Mechanical vs Tissue Survival

No difference in survival

BV lower risk of bleeding and 
thromboembolism, but higher risk re-
operation



Mechanical Valve Failure
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Mechanical Valves

Durable, no survival advantage

Compliance
INR Monitoring

Thromboembolism
Bleeding

Pregnancy

NOAC



Tissue Valve Durability



1980:

“Considering its hemodynamic 
advantage, if the longterm durability 
of the full-orifice Ionescu-Shiley 
pericardial xenograft valve continues 
to be confirmed by follow-up studies, 
it is our opinion that it is the biologic 
valve of choice.”







Native aortic valves and BHVs have major structural differences. 
Leaflets of the native aortic valve consist of 3 ECM layers: fibrosa, 
spongiosa, and ventricularis, all having different mechanical properties 
that enable load damping, have high elasticity, and provide the 
nonlinear response to stress.

Native vs Fixed Valve



Mechanical stress and structural valve degeneration.



Mechanism of Failure



Key factors of structural valve degeneration (SVD) development and strategies to retard SVD.







J Am Coll Cardiol Intv. 2020 Jan, 13 (2) 235–249

https://www.jacc.org/journal/interventions




J Thorac Cardiovasc Surg 2015;149:340-5



Mechanism of Tissue Failure
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Reoperation for SVD
< 60 years old at implant

Fatigue & Wear
Tested to 25 years



< 60 yrs: 
30% at 25 

years



< 60 yrs: 
50% at 25 

years



< 60 yrs: 
50% at 17 

years



< 60 yrs: 
50% at 18 

years



Conclusions:
Durability of the Carpentier-Edwards PERIMOUNT aortic 
valve is excellent even in younger patients. 
Explant for SVD is related to gradient at implantation, 
especially in younger patients. Strategies to reduce early 
postoperative AV gradients, such as root enlargement or 
more efficient prostheses, should be considered. 



• supra-annular design, smaller and scalloped sewing ring
• 24% greater EOA through upsizing

EOA: Valve Design



EOA: Valve Design



Conclusions: In our experience, early Trifecta valve failure was caused 
by cusp tears or leaflet calcification. Patients with end-renal stage 
disease and prosthesis–patient mismatch should be closely followed. 
Some patients with cusp tears may require urgent surgery.





Porcine vs Pericardial?



Comment
• We found no significant difference in late survival after AVR with 

a Perimount bioprosthesis compared with a Mosaic 
bioprosthesis after 8 years of follow-up. 

• The freedom from aortic valve reoperations was also similar 
between the groups. 

• Even though severe PPM was almost 3 times more common in 
the Mosaic group, it did not affect late survival or the frequency 
of reoperation.

The Annals of Thoracic Surgery Volume 97, Issue 4, April 2014, Pages 1314-1320

https://www.sciencedirect.com/journal/the-annals-of-thoracic-surgery
https://www.sciencedirect.com/journal/the-annals-of-thoracic-surgery/vol/97/issue/4


European Journal of Cardio-Thoracic Surgery 47 (2015) 1067–1074



Failure Mode: Porcine vs Bovine?



AVR



Leaflet 
Tears

Fibrosis/Cal
cification

Porcine 61% 39%

Pericardium 46% 54%

Failure Mode

Conclusions: ……The mode of structural valve deterioration was 
predominantly leaflet tear for porcine valves and fibrosis/ calcification 
for pericardial valves.







SWEDEHEART (Swedish Web-System for Enhancement 
and Development of Evidence-Based Care in Heart 
Disease Evaluated According to Recommended 
Therapies) Registry



Conclusions:
• Patients receiving porcine prostheses had a higher rate of 

reoperation 

• Porcine prostheses were associated with improved long-term 
survival compared with bovine

• The use of bioprosthetic aortic valves has excellent long-term 
outcomes, regardless of the xenograft material used.

SWEDEHEART (Swedish Web-System for Enhancement 
and Development of Evidence-Based Care in Heart 
Disease Evaluated According to Recommended 
Therapies) Registry



Next Generation Valves







Tissue

Physical durability tested to 25 years

Anticalcification Rx appears improving

Clinical Outcomes remains to be Proven



TAVR leaflets speculated to be more susceptible to SVD:
(1) thinner leaflets, 
(2) damages imposed by crimping and balloon expansion, and 
(3) irregular deployment caused by the geometry of the native 

aortic annulus or SAVR stent.

TAVR Durability



European Heart Journal (2021) 42, 2912–2919



European Heart Journal (2021) 42, 2912–2919

Conclusions:  In patients with severe aortic valve 
stenosis at low surgical risk randomised to TAVI or 
SAVR, there were no significant differences in the 
risk for all-cause mortality, stroke, or myocardial 
infarction, as well as the risk of bioprosthetic valve 
failure after 8 years of follow-up.



European Heart Journal (2021) 42, 2912–2919

TAVI EOA

TAVI Gradient

SAVR EOA

SAVR Gradient



Journal of Cardiothoracic Surgery (2020) 15:127



MOD-SEVERE AR

Journal of Cardiothoracic Surgery (2020) 15:127

PARAVALVULAR LEAK

REINTERVENTION



Tissue + TAVR

TAVR durability improved by superior 
EOA, reduced by paravalvular leak

TAVR V-in-V as an extension of SAVR



SAVR:
Age 60 + 25 = 85 yrs old

SAVR+TAVR:
Aged 40 + 25 + 15 = 80 yrs old

https://landgeist.com/2021/05/30/life-expectancy-in-asia/



Conclusion

Mechanical Durability limited by Biocompatibility

Tissue Technology continues to Improve

SAVR + TAVR ViV may allow 50 years Durability


