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Biaxial Strain Analysis of Various Fixation Models in Porcme
Aortic and Pulmonary Valves.

Sungkyu Cho, M.D.*, Yong-Jin Kim, M.D.*, Soo Hwan Kim, B.S.**, Seung Hwaath'oi,:‘ B.S.** 5

Background: The function of a bioprosthetic heart valve is determined largely by the material properties: of the
valve cusps. The uniaxial tensile fest has been studied extensively. This type of testing, however, does not repli-
cate the natural biaxial loading condition. The objective of the present study was to investigate the regional varia-
bility of the biaxial strain versus pressure relationship based on the types of fixation liquid models. -Material and
Method: Porcine aortic valves and pulmenary valves were assigned to three groups: the untreated fresh group, the
fixed with glutaraldehyde (GA) group, and the glutaraldehyde with solvent (e.g., ethanol) group. For each group we
measured the radial and circumferential stretch characteristics of the valve “as a function: of pressure. change.:
Result: Radial direction elasticity of porcine aortic and pulmonary valves were better than™ circumferential direction
elasticity in fresh, GA fixed, and GA-+solvent fixed groups (p=0.00). Radial and circumferential direction elasti(:lty of
pulmonary . valves -were better than aortic valves in GA fixed and GA+solvent fixed groups (p*O 00).. Radial-and cir
cumferential direction elasticity of aortic valves were decreased after GA and GA-+solvent fixation (p=0.00), except
for circumferential elasticity of GA+solvent fixed valves (p=0.785). The radial (p=0.137) and circumferential (p=0.785)
direction of elasticity of aortic valves were not significantly different between GA fixed and GA-+solvent fixed
groups. Radial (p=0.910) and circumferential (p=0.718) direction of elasticity of pulmonary valve also showed no
significant difference between GA fixed and GA-+solvent fixed groups. Conclusion: When fixing porcine valves -with
GA, adding a solvent does not cause a loss of mechanical properties, but, does not improve -elasticity either.
Radial direction elasticity of porcine aortic and pulmonary valves was better than circumferential direction  elasticity .

(Korean J Thorac Cardiovasc Syur:g,"2009;42':566-575)'
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Biaxial Strain Analysis of Porcine Valve
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Fig. 1. System for axial strain test and dotted porcine valve.
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Tabie 1. Fresh porcine aortic and pulmonary valve

M Q
Biaxial Strain Analysis of Porcine Valve

Fresh aortic valve

Fresh aortic valve

Fresh pulmonary valve  Fresh pulmonary valve

circumferential radial circumferential radial
n 35 35 26 26
Pressure 80 mmHg (%)/ 5.17+2.33/6.39+2.87 27.94+12.70/29.99+12.97 6.68+2.14/7.6412.26 11.04%5.14/12.08+5.49
150 mmHg (%)
3 1=yl L] Xul mlul Pz
35 Fresh aortic & Pulmonary valve distensibility A e Bl il Ugtots ), e shate] &
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Fig. 3. Fresh porcine aortic & pulmonary valve distensibility. Cir=
Circular direcxtion; Rad=Radial direction.
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Table 2. GA fixed porcine aortic valve and pulmonary vaive

GA fixed aortic valve

GA fixed aortic valve

GA fixed pulmonary GA fixed pulmonary

circumferential radial valve circumferential valve radial
n 21 21 21 21
Pressure 80 mmHg (%)/ 3.79+2.76/4.78+3.14 7.56%3.40/9.35+4.02 11.99+7.82/13.83£8.80  27.70+13.65/32.88+£16.33
150 mmHg
GA=Glutaraldehyde.
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Table 3. GA+solvent fixed aortic valve and pulmonary valve

7 9
Biaxial Strain Analysis of Porcine Valve

GA +solvent fixed aortic
valve circumferential

GA +solvent fixed
aortic valve radial

GA +solvent fixed
pulmonary valve
circumferential

GA +solvent fixed
pulmonary valve radial

n 42
Pressure 80 mmHg/ 4.91£5.18/6.21+6.39
150 mmHg (%)

9.14+4.14/11.70+4.90

42 42
12.8849.68/14.81£11.06  27.26114.84/31.26+16.05

GA=Glutaraldehyde.

Distensibility of GA+solvent
fixed porcine aortic & porcine valve
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Fig. 5. GA+solvent fixed aortic valve and pulmonary valve
distensibility. Cir=Circular direcxtion; Rad=Radial direction.
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74 Circumferential destensibility of aortic valve
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Fig. 6. Radial and circumferential distensibility of porcine aortic valve.

16 - Circumferential destensibility of pulmonary valve
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Radial destensibility of aortic valve
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Fig. 7. Radial and circumferential distensibility of porcine pulmonary valve.
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