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Shear stress results when fluids move along solid boundaries
and is the tangential frictional force produced when fluid interacts
with the boundary. In the human body, blood exerts shear stress
on the arterial wall and its magnitude is dependent on regional
geometry, blood flow, and blood viscosity. Given the complexity
of these factors, measurement of coronary blood flow and
viscosity, careful three dimensional reconstruction of vascular
geometry, and computational fluid dynamics are required to
calculate regional wall shear stress (WSS). WSS plays a crucial
role in atherosclerotic plaque development, vascular remodeling,
and endothelium maintenance [1,2].
Physiological WSS, derived from the pulsatile laminar flow
of the cardiac cycle, protects and promotes healthy vasculature.
It prevents endothelial cell turnover, enhances vasodilation,
and augments anticoagulant, antiinflammatory, and antioxidant
effects [1-3]. It occurs in regions of the arterial tree with uniform
geometry, where the blood flow is generally unidirectional. In
other areas, where the arterial tree has branching, curves, and
narrowings, this flow is disrupted, thus creating uneven WSS
as well as secondary oscillatory turbulent flows. Within the
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curvatures, WSS is higher on the outer side and lower along
the inner edge. The non-uniform distribution of WSS may help
explain the different localization of atherosclerotic lesions in the
coronary arteries [4].

Atherosclerosis tends to develop in areas of low WSS. Figure 1
shows blood flow across a curved vessel. Diminished shear stress
along the inner edge is linked to decreased endothelial repair and
nitrous oxide production as well as accelerated endothelial cell
turnover with distorted cell morphology and increased reactive
oxygen species, leukocyte adhesion, and lipoprotein permeability
[1]. These abnormalities play roles in the formation of the lipid
core and the composition of plaque capsules. Low WSS has been
shown to be an independent determinant of plaque progression
[5-7]. At the other end of the spectrum, high WSS is associated
with thinning of the fibrous cap and plaque ulceration as well
as the expansion of calcified areas and extensive vascular
remodeling [8]. The alteration between low and high WSS may
be the destabilization factor which leads to the vulnerable plaque
formation and eventually plaque rupture.

Figure 1 Curvature of the vessel results in different WSS contributing to plaque development.
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Another clinically relevant influence of WSS is observed in
patients undergoing percutaneous coronary intervention. Stent
placement in coronary arteries affects the vascular anatomy
and the spatial distribution of WSS which can influence the
progression of endothelialization, neointimal hyperplasia, and
restenosis [9-12]. The disrupted blood flow occurs between the
stent struts, leading to abnormal circulatory currents and low
WSS that promotes re-endothelialization. These findings have
led to the development of drug-eluting stents to help prevent
restenosis by reducing the neointimal hyperplasia process.
Post-stent computational fluid dynamics have also informed
the structural design of vascular stents and bioabsorbable
scaffolds. Indeed, biomechanical investigation of such devices
focusing on stent diameter and length, scaffold flexibility, and
strut arrangement is contributing to future stent and scaffold
design to restore the natural geometry of the vasculature prior to
atherosclerotic development.
In summary, assessment of WSS can be a substantial factor
in the development of diagnostic and therapeutic strategies in
managing patients with coronary artery disease. WSS is affected
by any intervention which may distort the coronary anatomy and
translating the mechanistic link between WSS and atherogenesis
adds a novel dimension beyond plaque morphology. Continued
development of methodology to calculate WSS on patients in
real time could be used to identify susceptible areas, guide
intervention, monitor therapeutic response, and predict
outcomes.
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