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Does non-Newtonian blood rheology matter in large vessels and heart chambers?
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Numerical simulations of blood flow allow computing hemodynamic quantities that are often inaccessible
through in vivo or in vitro measurements, providing cardiac surgeons with valuable information on cardio-
vascular diseases. However, computational models usually involve several hypotheses, which can affect the
reliability of the results. One of the crucial assumptions concerns the constitutive relation of the blood.
Blood is a biphasic fluid that exhibits a shear-thinning, viscoelastic, thixotropic behaviour. Non-Newtonian
effects can become particularly relevant even in large vessels and heart chambers in the presence of diseases,
stagnation regions, and pulsatile flow (see Figure 1a). Nevertheless, blood is often regarded as a Newtonian
fluid in the literature, especially for flows in large vessels1, and accounting for its non-Newtonian properties
is still a debatable topic in the scientific community. Previous studies have addressed this research question,
assessing the influence of different rheological models on the hemodynamics of prosthetic valves2,arteries3,
the left ventricle4, and the left atrium5. Notwithstanding, to the best of the authors’ knowledge, there is no
study investigating the non-Newtonian behaviour of the blood in the left heart considering the interplay
between electrophysiology, structural mechanics and fluid dynamics.
To overcome this gap, we assume a Newtonian and a Carreau (non-Newtonian) rheological model for the
blood viscosity (see Figure 1b) and perform numerical simulations of the fluid-structure-electrophysiology
interaction (FSEI)6,7 in the left heart. We assess the influence of the constitutive relation of the blood on
several key hemodynamic quantities, e.g. the wall shear stress and the hemolysis index.
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Figure 1: (a) Isosurfaces of ν = 2.5ν∞ in the left heart. (b) Kinematic viscosity ν as function of the norm
of the strain rate tensor E according to the Carreau model ( ), uniform viscosity ν∞ for the Newtonian
blood model ( ).
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