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Correlation Between Vascular Calcification and Hemodynamic
Parameters in Arteriovenous Fistulas
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Abstract: Arteriovenous fistulas (AVFs) are the primary vascular access for patients undergoing hemodialysis. AVF
calcification is one of the most common postoperative complications, which can cause AVF dysfunction, reduce
AVF survival rates, and lead to surgical failure. However, research on the mechanism of AVF calcification and the
impact of hemodynamic factors contributing to it is not sufficient. Investigating the relationship between hemody-
namic parameters and AVF calcification can provide a basis for early prediction of calcification sites. This study em-
ploys patient AVF data obtained through computed tomography to reconstruct a detailed three-dimensional geometric
model of blood vessels. MIMICS 17 software was used to smooth the surface of the modeled geometry. Doppler ultra-
sound image data were analyzed using fast Fourier transform, reconstructing the flow velocity based on the first 11
orders to define the radial artery inlet and outlet flow velocities. On this basis, the flow field inside blood vessels was

solved using the Navier-Stokes equations based on Reynolds averaged incompressible non-Newtonian fluids in the
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computational fluid dynamics simulation software ANSYS Fluent. The numerical simulation results were processed

and calculated to obtain the distribution map of wall shear stress 7y, oscillatory shear index I, time-averaged wall

shear stress 7,, and relative residence time #zz on the vascular walls. The comparison and analysis of these indicators

with the actual calcified areas of patients showed that in areas with high 7, values and low 7, values, the vascular wall

is more prone to calcification. By combining /,; and 7, measurements, identifying certain areas of the vascular wall

prone to calcification is possible. frr can be used as a single indicator to describe atherosclerosis; however, it shows a

weaker correlation for predicting the location of calcification. Instead, fzg primarily complements /,; and 7, to predict

the extent of calcification.

Keywords: arteriovenous fistula; vascular calcification; wall shear stress; oscillatory shear index; time-averaged

wall shear stress; relative residence time
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Fig.2 Smoothed geometric model and its associated mesh
partitioning scheme
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Fig.3 Doppler ultrasound images of the radial artery
inlet and outlet flow velocities in patients
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Fig.5 Streamline diagram of the maximum radial artery
inlet velocity during a cardiac cycle
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