View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Ghent University Academic Bibliography

Computational investigation of wall shear stress-
driven in-stent restenosis

Gianluca De Santis
Supervisors: Verhegghe B., Verdonck P.

|.  INTRODUCTION Il

When an artery occludes the insufficient PyFormex is an open source software
blood supply to QOwr]stream districts MaYynder development at Ghent University
lead to myocardial infarction, stroke o y.//yFormex.berlios.dededicated to pre-
necrosis. To reopen the artery a stent i q post-processing both in FEA and CFD
inserted through a catheter into the Stenos%foblems An axisymmetric geometry of
location. ~ After some weeks from thegenteq arterial lumen (a lumen with 2 strut
intervention the artery can re-occlude again ag, qfions) has been designed in PyFormex and
result of a patho.-physmloglcal ren.wde”mgmeshed with quadrilateral elements (Fig.1).
process called in-stent .resten05|s. It Iher vesselistrut dimensions have been also
documented that restenosis rate ranges frof@sted by using the parametric design

20 % to 30 % for bare metal stents, therefor@apabilities of the python-based PyFormex
requiring additional surgical interventions [1]. cripts. The evolution of the restenosis as
The occurrence of restenosis is partly relate cal reduction of the lumen has been

to alteration of the flow into the artery giniated following the scheme in Fig.2. The
produced by the presence of the stent argi_l

METHODS

adrilateral mesh (coordinates of the nodes
detected by the endothelial cells. In this stud nd ! ( !

we try to understand the relation betwee
stent design, endothelial Wall Shear Stre
and restenosis.

connectivity) was exported from
rI‘-’yFormex into a commercial software for
SEFD analysis (Fluent). A journal file set the
fluid properties to approximate blood as
Newtonian fluid (density 1060 kgfnand
viscosity 3.5 mPaes) and defined the
boundary conditions: parabolic velocity
Sxlotaiun profile at the inlet (defined through a user
3 defined function), zero pressure at the outlet
and no-slip condition on arterial wall and
stent surface. An axisymmetric steady state
analysis was performed and WSS values at
endothelium nodes were recorded and used to
axis of symmetry alter the previous lumen geometry: all the
nodes experiencing a WSS <0.5 Pa where

Fig. 1. The axisymmetric model of stented  displaced towords the lumen axis. When no
artery. The quadrilateral mesh isrefined near Nodes had WSS in the atherogenic range the
the wall in order to avoid underestimation of ~end of the loop was reached so that the

the WSS The different regions of the geometry represented the lumen configuration
boundary are shown. at the end of the restenotic process [2].
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Fig. 2. The iterative process simulating the Lizemt [

in-stent  restenosis.  endothelial WSS S
discriminates between active areas (subjected
to intimal thickening) and quiescent areas. At

the end of each step PyFormex recreates the IV.  DiscussioN
mesh by locally reducing the lumen for a new The present numerical study describes an
CFD analysis. active adaptation framework of a living vessel
in response to altered fluid-dynamic situation
lll. RESULTS due to the presence of a stent. It aims to

The simulation of the restenosis has beeﬁXplam t%‘? lln—.stelnt restenhosg througtr;] a
found to converge, reaching a configuration i echano-biological ‘approach. Some authors

which all the nodes have WSS > 0.5 Pa. This3Ve aI(eady tried 'to. predigt .the in-stgnt
confirms the expected negative feed-backestenosis but they limited their investigation
between WSS and vessel remodelling: if 40 the immediate post-expansion situation
low WSS occurs in a large lumen, the vesséfnly’ when the natural strut embedding _has
narrows, the velocity increases (in order td'ot occurredtyett[3]. Tdhe pristent n;o[;jel Isdal
keep constant the flow even through a smalldjcessary step towards a future mode
section) and the WSS tends to increase. It | h'(.:h woulq help to compare different stent
evident from Fig.3 that the sites of greates esigns .W'th respect  to .the a”?f’“”t of
remodelling have been found on the sides steno§|§ and ”?aybe provide a virtual tool
the stent struts, both proximal and distal,or preclinical testing.
which corresponds to lowest velocity gradient
(the density of isolines decreases in this area). V. REFERENCES
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