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ABSTRACT 

Arterial stiffness is one of the important biomarkers for many cardiovascular diseases. Shear Wave 
Elastography (SWE) uses the Acoustic Radiation Force (ARF) to excite the artery, and then measure the 
wave propagation characteristics. SWE data has been employed to back-calculate the arterial wall material 
moduli by matching the dispersion curve (phase velocity as a function of frequency). Although matching 
the dispersion curve can estimate the elastic modulus, it does not yield the required accuracy for the 
viscoelasticity estimation, sinse the phase-velocity dispersion is not strongly influenced by the 
viscoelasticity of the arterial waveguide. This problem can be addressed through simulating the full-wave 
data where we include not only the propagating waves, also the evanescent waves with the appropriate 
mode contribution factor. A natural challenge for full-wave simulation is the computational time. We 
address this issue and present a novel computational approach that is highly efficient, without sacrificing 
any accuracy. 

In the SWE experiment, the shear wave is generated inside the arterial wall by exciting the wall with the 
transducer and then the shear wave propagation is recorded through the same transducer. Therefore, the 
model involves cylindrical geometry, which can be obtained from the B-mode images of the human carotid 
artery. Since the waves tend to propagate outward with minimal reflections, it can be assumed as 
unbounded. Given this idealized, we utilize Semi-Analytical Finite Element (SAFE) model [1] which solves 
the Elastodynamic equation in the solid medium, acoustic wave equation in the fluid medium (blood and 
surrounding tissue), with the appropriate fluid-structure interface conditions. The model in [1], which is 
focused on computing dispersion curves, is reformulated with the aim of computing complete displacement 
response of the arterial wall. This is performed by using finite elements in the radial direction, Fourier 
transform in two of the remaining dimensions (including time), and utilizing modal expansion in the 
remaining dimension. The efficiency of the resulting method is further increased by performing 
computation only on a sparsely distributed points in the Fourier domain, and interpolating using Padé 
approximants. At the end, it is observed that the proposed method reduces the computational cost of full-
wave simulation by orders of magnitude, making it feasible to perform full-wave form inversion of SWE 
data. In this talk, we detail the overall methodology, present various numerical examples illustrating the 
efficiency, and perform validation studies with real data from SWE experiments on artery phantoms. 
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