Bart 11 o [ B2 2 P g Vol.41 No.11
20244F 11 H Chinese Journal of Medical Physics November 2024 _ 1421 _

DOI:10.3969/j.issn.1005-202X.2024.11.015 * M h r_?é_l_:‘, ;H—7H—
ET B0 R IREE G N B kMR MR 1 F 51

EFA R A WA SRR
1L ZR I BE R R 22 B 28 — BE BeoO R, JRJRVT. BRI 1500005 2. ARALHL ) KRB IR S5 80 ) TR 2=B , Ak 54k 1320125 3.4
IRIEERIRE ISR S — R B AL REIAR R, SRRV M /K 150000

[(BEIE T &0 9 R IRE ARG, R A 6 B 5 TA2 AR AR K AR B b b i 2 o 27 % PR A B ARAE AL |l i 3
S 3 AV PR A SRR, 66 A AR i A | AE AR R AR i B ) AR A AR A B AR e AR A 3B R SRR S
TR AT IR S FAAAREDL, T SR I BE & B b ) A B ALt BAR AR A 5 S B ) SR A, FHR R A A B Bk A
FRACTS R B 8 7T RE AL o AR50 K I i 3% JE A R A SRR R K P B Bk R s 23 e By B e B 1R FIARGER TR KB
o, LE RS 5% iR £ FRRK, IMU I AR BARA R R R, R M FEAZRDAER TABR—ANEA
MR P S AT RIR, %2 T TR B 4T SR AR 5 AR AT AR, R G BARLL 2 e oA b B B MUK IR R 69 2R B4R R
T, A do % PR 4IRS R R R R T G T AT I -F B BN AR IB AR AR AL, ARAR T BUAR SR BE A | JE R AR R AR A
A8 AE A RAR iR B AR X T iR B ) R ARAA R KR £ T, EAE R R A WAL B F s L, A s R
1o TR B RS

[ 3429 ) o bk B 3 o PR S Bk s B AR 5 3k 2R AR 5 ik 30 4 3 s Ak 3R 5 AR AR

[ E %25 ]R318.01;R811 [ ZEktrERmE]A [XE=%H2]1005-202X(2024)11-1421-07

Two-phase hemodynamic analysis of intracranial arteries based on high-resolution magnetic

resonance tube wall imaging
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Abstract: Based on high-resolution magnetic resonance tube wall imaging, reverse medical engineering modeling techniques are
used to obtain individualized intracranial artery models of high prevalence in ischemic stroke. Three types of intracranial artery
models, including Newtonian fluid model, non-Newtonian fluid model and non-Newtonian fluid with two-phase flow model, are
established for transient numerical simulations using computational fluid dynamics method. The hemodynamic parameters such
as blood flow field, wall shear stress distribution and erythrocyte volume distribution are analyzed to investigate the possible
mechanisms involved in the formation and progression of intracranial atherosclerosis. It is found that blood flow velocity increased
significantly at the end of the internal carotid artery and the middle cerebral artery. Low-speed vortex flow and disturbed flow appear
in the local vessels. The difference in blood flow velocity between the center and the edge of the wall is large, with an obvious low-
flow velocity area on the outer side. A clear central core area is formed in the stenotic wall under the action of high-speed blood
flow, resulting in thinner edge layer and lower erythrocyte volume fraction. The combination of low erythrocyte distribution in
the edge layer and low flow velocity on the outer side of the wall exacerbates endothelial cell necrosis, hypoxia, endothelial
dysfunction, and leads to atherosclerosis. Compared with Newtonian and non-Newtonian fluid models, non-Newtonian fluid with
two-phase flow model has greater variability for hemodynamic parameters and shows higher fidelity in simulating blood flow,
which provides a reference for clinical diagnosis and treatment of cerebrovascular diseases.
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Figure 1 Three—dimensional model of the internal carotid artery
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Figure 2 Internal carotid artery meshing
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Figure 3 Inlet velocity curve
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Figure 4 Blood flow velocity streamlines of T model
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Figure 5 Cross—sectional nephograms of blood flow velocity (¢,=0.12 s)
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Figure 6 Wall shear stress distribution nephograms of T model
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model
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