
Accepted Manuscript

Wall shear stress fixed points in cardiovascular fluid mechanics

Amirhossein Arzani, Shawn C. Shadden

PII: S0021-9290(18)30223-9
DOI: https://doi.org/10.1016/j.jbiomech.2018.03.034
Reference: BM 8634

To appear in: Journal of Biomechanics

Received Date: 11 January 2018
Accepted Date: 21 March 2018

Please cite this article as: A. Arzani, S.C. Shadden, Wall shear stress fixed points in cardiovascular fluid mechanics,
Journal of Biomechanics (2018), doi: https://doi.org/10.1016/j.jbiomech.2018.03.034

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jbiomech.2018.03.034
https://doi.org/10.1016/j.jbiomech.2018.03.034


  

Wall shear stress fixed points in cardiovascular fluid

mechanics

Amirhossein Arzania,∗, Shawn C. Shaddenb

aMechanical Engineering Department, Northern Arizona University, Flagstaff, AZ, USA
bDepartment of Mechanical Engineering, University of California Berkeley, Berkeley,

CA, USA

Abstract

Complex blood flow in large arteries creates rich wall shear stress (WSS)

vectorial features. WSS acts as a link between blood flow dynamics and the

biology of various cardiovascular diseases. WSS has been of great interest in

a wide range of studies and has been the most popular measure to correlate

blood flow to cardiovascular disease. Recent studies have emphasized differ-

ent vectorial features of WSS. However, fixed points in the WSS vector field

have not received much attention. A WSS fixed point is a point on the vessel

wall where the WSS vector vanishes. In this article, WSS fixed points are

classified and the aspects by which they could influence cardiovascular disease

are reviewed. First, the connection between WSS fixed points and the flow

topology away from the vessel wall is discussed. Second, the potential role

of time-averaged WSS fixed points in biochemical mass transport is demon-

strated using the recent concept of Lagrangian WSS structures. Finally,

simple measures are proposed to quantify the exposure of the endothelial
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