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Why Bioprosthetic?

• Less incidence of thrombus formation

• Anticoagulation not usually required

• Stented Bioprostheses easy to implant



Why Not Bioprosthetic?

• A bioprosthetic valve provides its peak 
performance the day it is implanted
– Tissue deteriorates over time

• Younger patients who receive 
bioprosthetic valves risk having another 
operation when the tissue valve degrades 
to a point where intervention is required 
(Structural Valve Deterioration – SVD)



Comparison of mechanical and 
biological valve prosthesis



Bioprosthetic Valve Types

• Xenografts – Tissue from different species
– Porcine valve
– Bovine pericardium
– Composite valves

• Homograft / Allograft – Tissue from same 
species
– Human valve – LifeNet Health

• Autograft – Tissue from same individual
– Pulmonary valve to the aortic position –

Ross Procedure



Types of Tissue Valves

• Stented Tissue Valves
– Intact porcine valves

• Medtronic’s tissue valves
– Reduction of muscle shelf bar

• Some Edwards’ porcine tissue valves
– Composite porcine valves

• St. Jude Medical’s stented
tissue valves

– Three separate leaflets –
either the left or the 
non-coronary cusps –
triple composite

– Pericardial valves
• Edwards’ valves

– Pericardial tissue 



Types of Tissue Valves

• Stentless Tissue Valves
-Subcoronary

• Medtronic
• St. Jude Medical

-Full Root
• Edwards
• Medtronic
• St. Jude Medical

– Currently in Europe
– US and other geographies RELEASE CANCELED



Evolution of tissue valves

• The bioprosthesis has been in clinical use 
for 30 years



Tissue Valve History

• Early generation tissue valves
– Intact porcine valves

• Septal muscle bar may reduce blood flow
– High pressure tissue fixation

• Flattened tissue structure
– No anti-calcification treatments

• May have led to early degeneration of tissue



Tissue Valve History

• Next generation tissue valves
– Intact porcine valves

• Reduction of muscle shelf bar
– Composite valves

• Porcine tissue
– Three separate leaflets

• Pericardial tissue
– Low pressure tissue fixation

• Maintained tissue structure
– Introduction of anti-calcification treatments

• May prolong life of tissue valve



Four Predictors of 
Bioprosthetic Performance

1. Durability

2. Hemodynamics

3. Implantability

4. Thromboresistance



Four Predictors of 
Performance: Durability

1. Durability
– Debatably the most important consideration
– Current guidelines recommend bioprosthetic 

valve:
• Patients ≥65 years of age for the aortic position (US)
• Patients ≥65 years of age for the mitral position (US)

– Stented have 20 years of reported clinical 
experience

– Stentless have 10 years of reported clinical 
experience



Four Predictors of 
Performance: Hemodynamics

2. Hemodynamics
– Stented tissue valves (aortic and mitral)

• Typically inferior hemodynamics than stentless
tissue valves or mechanical valves (e.g., Regent)

• Inferiority due to bulk of design within the annulus

– Stentless tissue valves (aortic only)
• Superior hemodynamics due to lack of stent, or 

bulk occluding the annulus



Four Predictors of 
Performance: Implantability

3. Implantability
– Stented tissue valves

• Stent provides support and ease of implantability
• Other factors affect implantability

– Stent material (polymer versus metal)
– Cuff (material, thickness)
– Post height (obstruction)

– Stentless tissue valves
• Lack of artificial support can make implant more time-

consuming
• Takes practice, but can be mastered



Four Predictors of 
Performance:Thromboresistance

4. Thromboresistance
– Tissue valves are naturally thromboresistant

unless they degenerate
– Long-term use of anti-coagulation is not 

usually required
– Immediate 3 months post-op regimen 

currently recommends warfarin, although 
studies are underway to evaluate aspirin  
other anti-platelet drugs only



Types of prosthetic valves and 
thrombogenicity

Goldsmith et al, BMJ, 2002



Reasons for thromboembolism
early after prosthetic valve 

implantation
• The pathologic sequelae of the patients’ 

inherent to valvular disease (atrial
fibrillation, dilated LA, dilated LV) may 
predispose to areas of stasis and 
thrombus formation

• Incomplete endothelial proliferation on the 
raw intracardiac surfaces, sewing ring and 
suture knots in the initial postoperative 
period.



Thromboembolism with 
bioprosthetic valves after the 

first 3 months

Long-term risk for 0.2 – 2.6%/yr

Chest, 2001
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Heras M,et al. JACC, 1995AVR    41%/yr → 3.6%/yr → 1.9%/yr
MVR   55%/yr → 10%/yr →  2.4%/yr 

Days     <10          11-90           >90
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Older age
Low LVEF

Preop. A-fib
Paced rhythm



Mistiaen et al, JTCS, 2004



Optimal antithrombotic 
prophylaxis for AV bioprosthesis

EJCTS, 2007



Ann Thorac Surg, 2010



The Permanente J, 2011



New generation tissue 
valves

• Current developments in tissue valve technology 
includes improved methods of
-Fixation
-Calcification mitigation treatments
-Stentless designs.



Bioprosthetic Valve 
Durability

Durability & thromboresistance of bioprosthetic valves is influenced by
tissue calcification and mechanical stress

Mechanical 
Stress

Tissue 
Calcification+

Minimized by Valve Design

Examples: stent material, tissue 
attachment, fabric, sutures, etc.

Minimized by 
Anticalcification Treatments

Remember, a design that reduces mechanical stresses may play a key role in 
a valve’s ability to resist calcification & platelet activation:  
Anticalcification treatments may delay tissue calcification.



Current Anti-Calcification 
Strategies

• Endcapping (aldehyde free 
ends)

• Removal of phospholipids   
(detergents)

• Blocking hydroxyapatite
deposition (trivalent actions)
– Calcium hydrozyapatite is 

the primary mineral of 
bone and teeth



Requirements of 
Anticalcification Technology

●Schoen, J. Thorac Carciovasc Surg 1992

Efficacy  Safety  
 Effect ive and sustained 

calcific ation inhibition 
 No adverse blood-surface 

interactions (hemolys is, 
platelet adhesion) 

 Adequate valve perfo rmance 
(hemodynamics, durabi lity) 

 Does not enhance local or 
systemic inflammation 

  Does not cause local /  
systemic toxicity 

  Does not potentiate infection 
 



Changes in design of
new generation tissue valves

• True supra-annular design

• Smaller, scalloped sewing ring

Excellent Hemodynamics
• Features: true supra-annular design, smaller 

and scalloped sewing ring
• Ability to obtain 24% greater EOA through

upsizing
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Competitive Overview

Feature Epic Perimount & 
Magna

Hancock II Mosaic and 
Ultra

Tissue Porcine 
w/bovine

Pericardial Porcine Porcine

Design Triple 
composite

Triple 
composite

Complete Complete

Stent 
material

Acetal co-
polymer

Elgiloy (metal) Homopolymer Homopolymer

Fixation
Method

Low pressure 
(<4mmHg)

Low pressure 
(<4mmHg)

Low pressure 
(<4mmHg)

“Zero” pressure

AC
Treatment

Linx XenoLogiX
ThermaFix

T6 AOA



Summary

• Although calcification remains as the main 
clinical concern associated with bioprosthetic 
heart valve replacement, there is evidence 
that tissue deterioration leads to thrombosis.

• Patients with bioprosthetic valves in the mitral 
position as well as patients with bioprosthetic 
valves in the aortic position may be at risk for 
thromboemboli during the first 3 months after 
operation.



• Due to the lack of prospective randomised trial 
data, the optimal antithrombotic or 
anticoagulation regimen in patients following 
bioprosthetic AVR remains unclear.

• Whilst several studies have showed 
equivalence between antiplatelet therapy and 
anticoagulation, to date, no studies have 
demonstrated anticoagulation leads to a 
reduction or increase in adverse outcomes.

Summary



Summary
• There is no study specifically examining the 

safety of omitting warfarin after AVR, and 
therefore, guidelines remain weighted in 
favour of early anticoagulation. 

• Although the new generation tissue valves 
with low blood damage and better 
hemodynamics have been developed, a 
precise antithrombotic protocol after 
bioprosthetic valve replacement remains to 
be developed.




