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Simulation of Hemodynamic Change in LSA Territory
according to Severity of [CA Stenosis

Taehak Kang, Kwang-Yeol Park’, Jaiyoung Ryu

Abstract : Deeper understanding of hemodynamic nature of lenticulostriate arteries(LSAs) grants more
effective surgical or endovascular treatment procedures. This study focuses on the effect of ICA stenosis
progression on LSA flow rate changes. Cases with 50%, 75%, 87.5% stenosis in ICA were examined. MRI
data of a healthy male(age:40) was used to model patient specific cerebral vasculature. Pulsatile inflow and
windkessel RCR boundary conditions were used to simulate LSA-included cerebral circulation model. Open
source programs, SimVascular and Paraview, were used to model, mesh and simulate or visualize the

results. As a result, LSA hemodynamic nature is significantly affected by ICA stenosis and its progression.
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Table 1 Boundary Conditions and Specification (Inlet)

Table 7 Simulation Result Validatoin

Name Boundary TAMV VER Agea
Conditions* (cmy/s) | (ml/min) | (cm®)

ICA Pulsatile Inlet 33.861 355.73 0.1757

BA | / Arterial Wall 19.272 127.83 0.1110

Table 2 Boundary Specification (Outlet) - consistant in
anatomic measurement range

Name 217 (cm) w4 (cm?)
MCA 0.339” 0.090
PCA 02427 0046
ACA 01977 0.030
LSA_L 0.071" 0.0039
LSA_2 0.046” 00016
LSA_3 0.046” 0.0017
Table 3 Boundary Conditions (Outlet)
Rp © Rd
Name Boundary (10%dynes | (10°cm’/d | (10*dynes
Conditions* 5 5
s/cm’) ynes) s/cm’)
MCA 350 10.65 35.38
PCA 737 .77 7451
Aca| Pulsatle 55 [ 514 | 10477
Onlet /
LSA_1 Arterial Wall 86.22 0.24 871.72
LSA_2 206.99 0.10 2092.91
LSA_3 202.32 0.10 2045.64
Table 5 Deformable Wall Conditions
Young’ | Thickn Pois Densi
, Shear
Types |s Modulus | ess son's ty Constant
(MPa) | (mm) | Ratio | (g/cm’)
Cerebral 14 0.5 05 1.0 0.83
LSA 14 0.01 05 1.0 0.83
Table 6 Mesh Independency Test Based on t=0.0005s, 3
cycles, rigid conditions
Mesh Increment Mean Decrement
Quantity Percentage Pressure Percentage
(million) (%) (mmHg) (%)
1.979 - 94.401 -
2.133 782 93.315 1.151
2.398 12.41 93.143 0.184
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*Assumed CCA_MAP=Inlet_MAP
sk Age=69-73, used mean ICA diameter from (7)

Figure 1 Volume-rendered MRA(Left) and complete
model with annotations(Right)
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Figure 2 VFR graph of ICA and BA with
time-averaged mean Velocity<8)
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