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ABSTRACT

This patient specific study of a peripheral bypass graft gggnexplores measures, based onwlad
shear stress (WSS), to identify regions at risk from atherogenisis. &aHup scans are used to study
the post-operative vascular remodelling, in this caseisting in re-stenosis, resulting in re-operation
to insert a jump graft, which also failed. The study représ@m extreme case which is prone to dis-
ease. This work has a broad scope in physiological flows dsoter applications where interactions
between flow and wall is of importance.

One manifestation of cardiovascular diseagegeigpheral arterial disease and arises through atheroge-
nesis (the development of early atherosclerotic lesiaklishich are located preferentially at bifurca-
tions at the toe, heel and floor as shown in Figure 1(a). It bas Ipostulated since the work of [2] that
atheroma in man is predisposed to occur in regions of low Wi&81ermore most intimal thickening

is found in regions where the average WSS is less than 10 ftyme€l Pa = 10 dynes/ch) [3]. Large
near-wall residence times, which in itself is linked to thes®/ has also been thought as a possible
correlation with atherogenesis due to the poor oxygenatfahe lumen wall.

Near-wall transport to and from the wall is of importance rteaal haemodynamics from the stand
point of exchange processes and interactions between fldwvah. In this study of the bypass graft
this transport may be considered beneficial when consiglerkygen and nutrients being supplied to
the wall and harmful when considering excessive low dersgigts (LDL) transport to the wall.

The near-wall convective transport normal to the wall isiviel by considering a series expansion
of Lagrangian dynamics for a Newtonian fluid. From this exgiam, up to second order terms and
assuming steady flow (reasonable simplification as disduksethe same patient case in [4]), the
transport normal to the wall is given by
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Figure 1: (a) Bypass geometry taken three weeks and ninehs@aist-operatively with blue arrows
indicating direction of flow. Regions termed toe, heel andiflare of typical arteriosclerosis locations.
(b) Massless particle tracks coloured by time [s] from tihelease at the graft inlet, highlight features
in the flow field. CFD results of (c) wall shear stress (WSS) mitagle [Pa], and (d) transport to and
from the wall [mm s'!] (with -ve transport is to and +ve from the wall) with sheares.

wherezx andy locally define the geometry wall tangent plane arisiperpendicular to the tangent plane,
6t anddz are small increments. The convective transport normaleontéll is therefore proportional
to the spatial gradients of WSS. Plotting the surface shieas,| which are aligned to the tangential
component of the viscous traction exerted by the flow on thié vegions of transport to the wall are
further noted by divergence of the shear lines and tran$gmrt the wall as coalescing.

In terms of the detailed haemodynamics, the regions of aéparat the toe and heel of the anastomosis,
and the stagnation point at the floor due to the impact of theojming from the graft are clearly evident.
From Figure 1(c) it is noticeable that the toe, heel and flddhe anastomosis are regions stipulated
to be at risk with WSS 1 Pa; in fact over 50% of the anastomosis has W$®a, representing an
extreme case.

Figure 1 shows the geometrical post-operative evoluticthénfirst nine months. The vascular remod-
elling reduces the areas of recirculating fluid, with thesdmmosis narrowing around the areas of faster
flow, tending to reduce the spatial gradients of the wall sk&ass which yield the convective trans-
port normal to the wall. The reduction of conduit patencyussanostly at the toe of the anastomosis,
where the WSS predicted by the steady computations is lowgldsas at the the start of the graft and
proximal artery despite being regions of respectively aied WSS and not expeceted to remodel and
reduce conduit patency.
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