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Effect of aortic stenosis on blood flow characteristics in the left ventricle
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Abstract: The 3D model of the left ventricle is reconstructed and optimized based on CT scan data. In combination with the
motion characteristics of myocardium wall, the mathematical models of left ventricular wall motions are established. The
degree of aortic stenosis is characterized by hydraulic radius, and the moving grid technique is used to explore the effect of
aortic stenosis on left ventricular blood flow. It is found that hydraulic radius is negatively correlated with the degree of aortic
stenosis. The decreased outlet area results in higher velocity and pressure at the outlet in systole and increasing shear stress.
During diastole, the velocity and pressure increase first and then decrease. With small hydraulic radius, the shear stress at the
left ventricular valve is larger, and the maximum shear stress at the initial stage of contraction is 0.81 Pa. The dynamic
simulation of the heart provides significant reference for the subsequent research on the heart.
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Figure 1 3D models of the left ventricle
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Figure 2 Left ventricular wall motion simulation intervals
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Figure 3 Unstructured grid of the left ventricle
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Figure 5 Monitoring point location
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Figure 6 Circular open mesh of aortic stenosis of varying degrees
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Figure 7 Internal flow fields of the left ventricle under different degrees of aortic stenosis at 1/8T
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Figure 8 Internal flow fields of the left ventricle under different degrees of aortic stenosis at 3/8T
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Figure 9 Internal flow fields of the left ventricle under different degrees of aortic stenosis at 4/8T

FROE 10 B JRAE R RO o A T SRR E
WY 30 Ak P 8 3 T 4 A, PRk DX 3 B0 A TR
AR 3 BEA B o WA A, 700 % N IR BRI
Weibs , I 20 & A b7 DL s BEAL L/
e -

Wi oE iU, E BRI, U 2038 AR I
B /b, D ER AR RN, AEE Rk, T
Bl KA A 0 28 BT 5K B P AR A AL T OGRS L AR

OF B fe b G2 [ T RETT . 4 ) 0 i AR A A R AT
Ze 0 B AR 1 B R 2R A LR N TR B A AR
= N B MR AR o Ze 0 S B sk, AR
AR A e T A DI, O JRA T T f IS, TR B
I, QIR B A R R e o Y R B KOETT I
FR A /N, P JRE 1] P 0 9 HIC, 8 PR B R
AV 2 DX dal o B O 10 i AR 4 K, i 30 2 [ ) B
PR g S DX B AR K, A BT s BE AR Y AR DX



3 - - 389 -

Velocit i i

Comouy 1 \Clg‘rﬁgll}ry 1 ggltggll}y 1
1.756e-01 1.762e-01 1.764e-01
1.630e-01 1.637e-01 1.638e-01
1.505e-01 1.511e-01 1.512e-01
1.380e-01 1.385e-01 1.386e-01
1.254e-01 1.259e-01 1.260e-01
1.129e-01 1.133e-01 1.134e-01
1.003e-01 1.007e-01 1.008e-01
8.779e-02 8.812e-02 8.818e-02
7.525e-02 7.553e-02 7.558e-02
62716-02 6.294-02 6.299¢-02
5.017e-02 5.035e-02 5.039e-02
3.762e-02 3.777e-02 3.779e-02
2.508e-02 2.518e-02 2.5196-02
1254602 1.259¢-02 1.260e-02
0.0006+00 0.000e+00 0.000e+00

[m s*-1] [ms™1] [m s*-1]

a: EFBKIHRE 1 b: EFIPKMEERE 3 c: EFPKMIRE S

10 THZIARERE XK E T L LERBRIAE

Figure 10 Internal flow fields of the left ventricle under different degrees of aortic stenosis at T
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Figure 11 Velocity variations at different monitoring points
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Figure 12 Shear stress variations at different monitoring points
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