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Abstract; Objective To establish an ideal model of the mitral valve, including the left heart and blood, and study
the motion characteristics of the mitral valve in blood flow using the fluid-structure interaction ( FSI) simulation.
Methods Based on anatomical parameters, models of the mitral valve, left heart, and blood were established.
The finite-elements combined immersed boundary method was used for FSI to simulate the motion of the mitral
valve using the LS-DYNA software. Morphological, mechanical, and hemodynamic parameters were compared
with those obtained from structural simulations. Results The morphological results of the mitral valve from the
two simulations differed significantly, and the FSI results matched the ultrasound images. The stress distributions
of the leaflets in the FSI and structural simulations were consistent. The maximum first principal stresses
calculated by FSI and structural simulations were 1. 48 MPa and 1. 53 MPa, respectively, with a relative error of
3.27% . The fluid field in the left heart was complex with vortex structures, and the maximum mitral flow velocity
was 1.02 m/s during diastole, consistent with the physiological data of healthy humans (0.89+0.15 m/s).
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Conclusions The morphological results of the mitral valve obtained from the FSI simulation were closer to those

in the physiological state. FSI simulations can provide flow patterns that are indispensable for clinical diagnosis.

Structural simulations are more efficient for studying leaflet stress distribution.

Key words: mitral valve; fluid-structure simulation (FSI) ; finite-elements combined immersed boundary method;

structural simulation
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Tab.2 Material parameters of the mitral valve leaflets.
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Fig.2 Curves for material and boundary condition setting
(a) Stress-strain curve of the chordae tendineae,

(b) Pressure waveforms of healthy human heart
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Fig.3 Morphological results of the mitral valve (a) Leaflets
morphology during the closing phase, (b) Geometric

orifice area ratio of the mitral valve.

TRIAGSE M A I, AR 07 EL R RS

TV 8 22 S R, 45 R A7 A 1) i e OO AR T O
IR A 017 L DO TR [ UL 4 (a) ], WA
SN PR AT LI B w0 5 1T (B4R ) 5
PRS- 1] (L2 AR L3 B, I AN 2 1) AU TR

S5nREMATENRTHSESEM S
Kl 4(b) ],
o e
4-K/ﬁ ! isieie
2._
0._
>~*2_
*4_
k6_
_.8_
10

-4 -20 2 4 6 8 1012 14 16 18
X
() R4 R

(o) NMEBHEG
B4 ZRBIBEASHMERMES

Fig.4 Leaflets configuration during the stable closed phase

(a) Simulation results, (b) Ultrasound image
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Fig.5 Mechanical results of the mitral valve (a) Stress distribution of the leaflets during the stable closed phase, (b) Maximum first
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Tab.3 Maximum velocity of the mitral valve
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