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Hemodynamic comparison between elastic and rigid vessels for the
central shunt

WANG Feng, LIU You-jun, DING Jin-li, BAI Fan, ZHAO Xi, REN Xiao-chen( College of
Life Science and Bioengineering, Beijing University of Technology, Beijing 100124, China)

Abstract; Objective To study the hemodynamics of central shunt (CS) by numerical simulation and investigate
the effects of the elastic and rigid vessel wall on distributions of hemodynamic parameters in the vessel. Methods

Two idealized CS models were constructed, one with a rigid wall (the rigid model) and the other with an elastic
wall (the elastic model). Numerical calculation was conducted by the finite element method, and the elastic mod-
el adopted the fluid-structure interaction. Results The distribution of flow velocity and pressure in both models
were generally the same. About 68.9% of the aortic blood was directed into the pulmonary artery for the rigid
model, as compared to 70% for the elastic model. The pressure drops within the shunt for the elastic model and
rigid model were about 7.668 8 kPa and 7.222 3 kPa, respectively. The maximum variation in the average cross-
sections along the shunt was about 2.2% for the elastic model, appearing at the proximal end to side (ETS) an-
astomosis. The maximum difference of wall shear stress (WSS) between the two models at five key regions of
each was about 16.1%. Conclusions Generally, the global flow structure in both the CS models remains un-
changed; the elasticity of the vessel wall slightly influenced the flow distributions and pressure drop of the shunt;
the effect from elasticity of the vessel wall on average cross-sections along the shunt was higher at the proximal
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ETS anastomosis than that at the distal ETS anastomosis; the hypothesis that the vessel wall is rigid is accepta-
ble in CS numerical simulations for the treatment of tetralogy of Fallot (TOF). However, the coupling of flow dy-
namics and wall mechanics may lead to a more reliable simulation result in the CS.
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Fig.1 Schematic diagram of the CS (a) and its idealized geomet-

rical model (b)
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Fig.2 Boundary conditions in a cardiac cycle (a) Velocity profile
at the inlet, (b) Pressure profile at the outlet of the aorta, (c¢) Pressure

profile at the outlet of the pulmonary artery
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Fig.3 Flow contour and vector contour at 0.11, 0.12,0.2 and 0.4 s in the rigid model
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Fig.4 Flow contour and vector contour at 0.11, 0.12,0.2 and 0.4 s in the elastic model
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Fig.6 Areas at the seven cross-sections in the elastic model
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