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Abstract

Objective: To construct a hemodynamic model of esophagogastric varices in liver cirrhosis and com-
pare the simulation differences between Newtonian and non-Newtonian fluid models under various
boundary conditions. Methods: A patient with typical cirrhotic esophagogastric varices was selected.
Five blood viscosity models were configured using Fluent software to perform computational fluid
dynamics simulations. Hemodynamic parameters in regions including the main portal vein, left por-
tal vein, right portal vein, esophagogastric varices, splenic vein, and superior mesenteric vein were
statistically analyzed using Python. Results: Different blood viscosity models had significant effects
on the prediction of hemodynamic parameters in the portal venous system. Compared with the non-
Newtonian models, the Newtonian model generally underestimated TAWSS, overestimated OSI and
RRT, and predicted stronger local flow disturbances and helical flow structures. Conclusion: In in-
dividualized hemodynamic assessment of patients with cirrhotic portal hypertension, it is recom-
mended to prioritize non-Newtonian fluid models that can capture shear-thinning characteristics.
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2.23. I RFHRE

N A2 K B R B BN 1 (Maass Flow Inlet) 2K, HY 14 R4 1E R AR & 0 B i 5 AT R B .
7E ANSYS Fluent 2022R1 HHiEATBEAS SR AR, 77 - iJEHRE-R A SIMPLE Hik, HENKER 3 M0s)
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Table 1. Parameter settings for the blood rheological models

1. ZMEHEREPHSHIRE
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Power-law 1% %4
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M, =0.0364 Pa-s
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¢=0.45
Quemada 15 K, =433
K, =2.07

7. =1.88s"

DOI: 10.12677/acm.2026.1651883 870 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1651883

WAL th, ERE

10_ }\ll” T T TTTTIT
N ‘ 1 Cross | :
N i Quemada ]
th" — Power-law |
@ ~ \P\ \\ —— Carreau |
. R —-—=' Newtonian
© T \
& . \§§\ |1 _
P 10 \
= - ________________:_'>\ T
-3
10
10" 10° 10" 10° 10’ 10*

BIR (1/s)

Figure 1. Relationship between blood dynamic viscosity and shear rate for different blood rhe-
ological models
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Figure 2. TAWSS distribution predicted by different blood rheological models
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Table 2. TAWSS values (Pa) in different venous segments predicted by various blood rheological models

2. &R E BB TUNE T EERBKEL Y TAWSS {E(Pa)

B[Ry et
(X 42k giitfE SRt
Power-law Carreau Cross Quemada
IR T Mean 0.088 0.150 0.148 0.119 0.144
FIHIK
SD. 0.026 0.037 0.034 0.025 0.036
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Figure 3. Boxplots of TAWSS values in the main portal vein and the esophagogastric
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Figure 4. OSI distribution predicted by different blood rheological models
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Table 3. OSI values in different venous segments predicted by various blood rheological models
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Power-law Carreau Cross Quemada
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[k 3+
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Figure 5. Boxplots of OSI values in the main portal vein and the esophagogastric varices
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Figure 6. RRT distribution predicted by different blood rheological models
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Table 4. RRT values (Pa™') in different venous segments predicted by various blood rheological models
4. BIMRFERE UM AN EFRAKEL A RRT E(Pa)
N - AR A Y
(X 15k it AR Y
Power-law Carreau Cross Quemada
) . Mean 14.256 7.358 7.297 9.042 7.702
[Tk 3T
SD. 6.917 2.374 2.078 2.361 2.490
) . Mean 15.256 7.141 7.120 9.010 7.514
[Tk e 3
SD. 8.791 2.178 1.928 2.384 2.324
) . Mean 40.784 11.560 10.943 15.519 12.323
[ bkcA 2
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¥ R L bk
SD. 2.980 0.834 0.818 1.134 0.915
‘ Mean 13.533 6.844 7.001 9.070 7.192
i bk
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B H R E K
SD. 60.145 39.424 22.973 17.511 24.927
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Figure 7. Boxplots of RRT values in the main portal vein and the esophagogastric varices
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Figure 8. Blood flow streamlines predicted by different blood rheological models
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Figure 9. LNH isosurfaces (LNH = £0.4) predicted by different blood rheological models
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