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Numerical simulation of hemodynamics in Budd-Chiari syndrome
caused by membrane obstruction of the inferior vena cava
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Abstract Objective: To investigate the vascular hemodynamic changes during the formation of obstructive membrane of
the inferior vena cava (IVC) in Budd-Chiari syndrome (BCS) using computer simulation methods.
Methods: The vascular model of BCS caused by membranous obstruction of the IVC was established based on
MRA slice images, and then numerical simulation of hemodynamic parameter changes was demonstrated by using
Ansys Fluent software.
Results: The vascular model of BCS with membranous obstruction of the IVC was established successfully. The
results of numerical simulation experiments demonstrated that during the formation of the obstructive membrane,
there was a low flow speed region between the membrane and the region of confluence of the IVC and the three
main hepatic veins, which increasingly enlarged with the extension of the membrane; with the development of
the membrane, the low shear stress field located close to the IVC and the right hepatic vein was continuously

amplified, and moreover, the shear stress gradually increased.
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Conclusion: The formation and development of the obstructive membrane of the IVC is a process of slow

change, which may be closely related to alterations in shear stress of the wall of IVC.
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Budd-ChiariZE&fE ( Budd-Chiari syndrome,
BCS ) &P K 5 E &K (hepatic vein,
HV ) F/BLHTE T IE# K (inferior vena cava, IVC)
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Figure 1 Flow chart of the establishment of 3D model and
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Figure2 Membrane model A, B, C: Membrane size accounting for 20%, 40%, and 60% of the vascular lumen, respectively

2 # R KL A A 5 B8 B 2 T8 A — K X, 12 X el i FR
Fifi [ B %) T2 BT 498 4 0 T AR o L I R AR Ak
21 MiREESHE A E W E 3T R .

TE R R A A e, AR Rk S 35 £

Vo Magntuge. Vialocty Magnuce
042 iz
4 o
i3 =
o oM
77 w2
B3 w
1% [t}
ik i
[ g;?
02
nis g
0ig (10}
i 1
15 w2
1] i
s g
o o
D [T
e A w G

B3 mimEEDE (& ks A e {RERE ) A IEH M MFEE S B, C. D: FRIEBIR /303K 20% .
40% . 60% It B 43 A
Figure 3 Blood velocity profiles (arrows showing the characteristic low speed region) A: Normal flow velocity distribution; B, C, D:

Flow velocity distribution with the membrane size reaching 20%, 40%, and 60% of the vascular lumen, respectively
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Figure 4 Distribution of shear stress (arrows showing the low shear stress field) A: Shear stress distribution without membrane

obstruction; B, C, D: Shear stress distribution with the membrane size reaching 20%, 40%, and 60% of the vascular lumen, respectively
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