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THE RELATIVE IMPORTANCE OF NON-NEWTONIAN CHARACTERISTICS OF BLOOD
IN THE HEMODYNAMICS OF THE CAROTID BIFURCATION

S.W. Lee"

In this study, we attempted to quantify the relative importance of assumptions regarding blood rheology. Three
patient-specific carotid bifurcation geometries and time-varying flow rates were obtained using magnetic resonance
imaging. For each subject, CFD simulations were carried out assuming two different non-Newtonian rheology models
(Carreau and Ballyk models) and rescaled Newtonian viscosities based on characteristic shear rates to account for
the shear-thinning property of blood. The sensitivity of WSS and oscillatory shear index (OSI) were contextualized
with respect to the reproducibility of the reconstructed geometry and to assumptions regarding the inlet boundary
conditions. We conclude that the assumption of Newtonian fluid is reasonable for studies aimed at quantifying the

and D.A. Steinman'

distribution of WSS-based extrema in an image-based CFD model of carotid bifurcation.
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Reference Rheological influence Geometric influence
Newtonian Carreau Ballyk He,mean He,min Hct=.35 Week 2 Week 3

Subject A

Subject B

Subject C

(a)
Fig. 1 Distribution of time-averaged WSS, based on the Week 1 geometry and assuming: (a) constant viscosity of 3.5¢cP; (b)
Carreau and (c) Ballyk viscosity models; rescaled Newtonian viscosity derived from each subject’s characteristic inlet shear
rate at (d) mean and (¢) minimum flow; (f) Newtonian viscosity assuming Hct=0.35. Also shown are WSS patterns based
on (g) Week 2 and (h) Week 3 models assuming a Newtonian viscosity of 3.5¢P
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Reference Rheological influence Geometric influence
Newtonian Carreau Ballyk He,mean He,min Hct=.35 Week 2 Week 3

Subject A

Subject B

®

Subject C

(a) (b) (9) (h)
Fig. 2 Distribution of oscillatory shear index (OSI). Refer to caption of Fig. 1 for details
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Table 1 RMS differences in time-averaged wall shear stress (WSS) and oscillatory shear index (OSI), relative to the respective Week 1

model with a constant viscosity of 3.5 cP

Rheological influence Geometric influence
Variable viscosity Constant viscosity (From ref.[15])
WSS (dyn/cmz) Carreau Ballyk Je,mean Je,min Het=0.35 Week 2 Week 3
Subject A 0.87 0.97 0.70 1.09 1.10 3.33 3.84
Subject B 0.90 0.93 1.30 2.20 0.94 11.5 6.79
Subject C 1.20 1.52 231 3.09 0.66 7.42 11.2
Average* 0.97 1.10 1.32 1.98 0.93 7.10 6.74
WSS (%)
Subject A 8.65 9.64 6.96 10.8 10.9 32.6 37.6
Subject B 5.03 5.19 7.26 12.3 5.25 64.7 38.2
Subject C 7.70 9.76 14.8 19.8 4.24 47.2 714
Average* 7.21 8.20 9.11 13.7 7.21 47.0 46.7
0SI(x107)

Subject A 8.35 133 11.1 15.9 9.51 35.0 36.7
Subject B 3.69 5717 5.53 9.01 4.45 38.2 28.3
Subject C 10.8 13.5 17.3 18.7 11.6 79.8 76.1
Average* 745 10.7 10.9 14.4 8.39 47.8 443
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