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Computation of Nonlinear Elastic Strains Occurring in the Leaflet of the Edwards
MIRA Mechanical Heart Valve by the Applied High Blood Pressure
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Abstract

This paper presents a computation of nonlinear elastic strains that may occur in the leaflet of the Edwards MIRA mechanical
heart valve by the applied high blood pressure using the finite element analysis methodology. By adopting numerical analysis
techniques of the commercial finite element analysis code, NISA, structural analyses of the Edwards MIRA mechanical heart valve
are performed for the slight variation of leaflet thickness to get the elastic strains occurring in the leaflet while the high blood fluid
pressures are applied to the leaflet surface in order that the maximum stress occurring in the leaflet may be less than the yield
stress of the leaflet material(Si-Alloyed PyC). And so, only the geometric non-linearity is assumed because large geometric
nonlinear elastic strains are expected rather than material nonlinear strains due to the applied high blood pressure. Computed linear
and nonlinear elastic strains are compared to make sure the non-linearity of the computed elastic strain. The comparison result
shows that large elastic strains occur clearly in the very thin leaflets as high blood pressures are applied. However, only the linear
elastic strains occur for low blood pressures, and also for thick leaflets even for the high blood pressures. Hence the nonlinear
structural analysis is very required in the structural design of a mechanical heart valve.
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Table 1 Commercially available heart valve replacements
most commonly implanted

Type of valve Brand names Manufacturer

On-X" Prosthetic
Heart Valves

ATS Open

Medical Carbon
Research LLC

0 ATS
‘ Pivot® Heart Valve
Mechanical St. Jude Medical® St. Jude
Bileaflet .
Valves Medical
Valves
Sorin Carbomedics _
. Sorin
Valves
Medtronic
® dtroni
Advantage® Valves Medtronic
Stented Carpentier Edwards Edwards
Pericardial Perimount® Valves Lifesciences
Valves Sorin Carbomedics Sori
(Cow Tissue) Mitroflow® Valve ern
Stented Tissue Hancock 117 .
Valves Bioprostheses Medtronic
(Pig Tissue) b s
. Medtronic Freestyle®
b‘iﬁntless Aortic Root Medtronic
issue . .
Bioprosthesis
Valves L —
. . St. Jude St. Jude
(Pig Tissue) o i
Toronto SPV® Valve Medical
Homograft
Tissue Valves CryoValve® CryoLife
(Human Donor
Tissue)
Pyrolytic CarbonolA Pure Carbon. 2 7} #eln S5t
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Fig. 4 FE model of leaflet(A in Fig. 3(c)) and imposed
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Table 2 Material properties of Si-Alloyed PyC

Property Data
Young's modulus(E) 30.5GPa
Yield stress(oy) 407.7MPa
Density(p) 2,116kg/m’
Poisson's ratio(v) 0.3
Yield strain(ey) 1.28 %
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