
INTRODUCTION

Despite the improved success rates of coronary ar-
tery angioplasty with stenting for revascularisation of
an occlusive atherosclerotic lesion, acute inflammation
of the vessel wall and resultant in-stent restenosis (ISR)
may result in a need for further clinical intervention in
the stented lesion. Re-intervention is required in
around 20% of clinical cases where bare metal stents
are used. This figure is reduced to less than 10% for
drug-eluting stents (DES),41 leading to increased clin-
ical use of DES.40 The reaction of the vessel wall to the
stent can be described as a wound healing response
consisting of four phases: thrombosis, inflammation,
cellular proliferation, and vessel remodelling.12 Exces-
sive cellular proliferation, resulting in neointimal
hyperplasia (NIH), leads to the formation of an
extensive neo-intima within the stented region for some
patients. NIH has been linked with both non-physio-
logical stresses applied to the vascular wall31 and with
modification of the fluid dynamic environment within
the vessel.21 Numerous studies have shown that
mechanical forces imposed by the device during
deployment and the resulting radial compression of the
artery wall by the stent struts lead to a localised bio-
logical response,16,44 whilst fluid dynamic effects,
including spatial and temporal alterations in wall shear
stress (WSS) on the stented arterial wall,24,31 have been
shown to affect the migration of endothelial cells
during the initial healing stages.8,15 Suppression of the
response to stent implantation using pharmaceutical
agents has demonstrated improvements in treatment,
as demonstrated with DES. However, improved under-
standing of the relationship between the modifications to
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arterial biomechanics which take place following stent
implantation and the resulting response of the tissue of
the arterial wall has the potential to further improve
existing stent designs and inform development of novel
approaches, such as bioresorbable stents.14

Understandably, implantation of a stent creates a
substantial change in the mechanical environment of
the artery. The first damage is the trauma provoked by
balloon dilation during stent placement. Contact
between the stent struts and the arterial wall results in
local injury, of varying degrees of severity.16 The
middle layer of the artery wall (tunica media) is com-
prised of vascular smooth muscle cells (VSMCs). In a
healthy vessel these serve to maintain vessel structure
and tone, through a series of mechano-transduction
processes45 but, following arterial injury, VSMCs
proliferate, migrate towards the lumen and produce
extracellular matrix.1 The detail of cellular response
leading to ISR has been studied in both humans and
animals, with porcine coronary artery models provid-
ing important information on the relationships
between arterial injury and biological response.4

The change in the mechanical environment of the
vessel wall following stenting has been investigated
using finite element techniques to analyse different
stresses, proposed as measures injury caused by the
stent struts, namely; radial compression3,26 and von
Mises stress under each stent strut2 and high tensile
stress due to stent deployment.44 Changes in cyclic
deformation have also been proposed as contributors
to ISR supported by evidence from in vitro experiments
in a mock vascular phantom.9 Decreased cyclic strain
due to the high stiffness in the stented region was
associated with increased VSMC proliferation and
decreased apoptosis under these conditions.

Regions of onset and progression of vascular dis-
ease have been shown to correlate with vascular
regions exposed to a WSS< 0.4 Pa,27 with the con-
tributing biological mechanisms including the promo-
tion of shear-induced inflammatory cell aggregation
and slow endothelial regrowth following injury.15,22,30

Both low time-averaged WSS and high oscillatory
shear index (OSI) have been associated with biological
responses relevant to ISR.7,18 Time-varying shear
stress within the typical physiological range has been
shown to decrease expression of the gene for endo-
thelin-1 mRNA, reducing proliferative stimuli.28 Re-
gions of the vessel wall subject to elevated values of
OSI (>0.2) have been associated with an increased
risk of NIH as a result of the removal of this protective
mechanism.19,34 These fluid dynamic effects occur fol-
lowing stent deployment due to the high stiffness of the
stent relative to the vessel, inducing regions of retro-
grade or oscillating flow which have been linked with
increased incidence of NIH.43 Local geometry can have

significant effect and hence, when investigating the
links between fluid dynamic factors and NIH, it is
important that CFD simulations are carried out using
geometries that are representative of the coronary ar-
tery geometry post-stenting.25

Whilst computational studies are becoming
increasingly sophisticated, with the use of patient-
specific images for the construction of structural and/
or fluid domains,32,36 the relative roles of solid and
fluid mechanics in the process of ISR remain to be
determined. Previous studies have compared in vivo
measurements with symmetrically expanded stent
models in order to gain averaged information about
the role of mechanical and fluid dynamic contribu-
tions,5 but analysis of the localised correlation between
the geometry of the stent and the local effects of these
stimuli acting on the wall was not undertaken. In cases
where data documenting the degree of ISR is available,
characterisation of local stimuli arising from vascular
solid and fluid mechanics under consistent conditions
may help to determine the relative importance of these
stimuli.

This paper describes a method to analyse the
localisation of both structural and fluid dynamic
stresses, using the finite element method (FEM) and
computational fluid dynamics (CFD) respectively,
using in vivo 3D stent geometry obtained from a por-
cine model of ISR in combination with an idealised
vessel wall domain. The volumetric micro-CT data
provides the in vivo deployed stent geometry; the
structural and fluid stresses acting on the computa-
tional vessel wall are then interpreted at the level of
individual struts for comparison with the degree of ISR
observed in histological sections of the explanted
stented vessel.

MATERIALS AND METHODS

This study reports computational analysis based on
experimental data obtained from a porcine restenosis
model. All animal experiments were performed in
accordance with the UK Animals (Scientific Proce-
dures) Act, 1986. Analysis of the micro-CT and his-
tology data used for this study has been previously
reported33 with only fluid dynamics stimuli considered
for a partial section of the fluid domain, without the
consideration of a physiological vessel curvature. The
experimental methods have been reported previously33

and are reviewed here for completeness.
A stainless steel BiodivYsio balloon expandable

stent (Biocompatibles Ltd., UK) was implanted into a
healthy porcine right coronary artery (RCA), using a
balloon-to-artery ratio of 1.4:1. This specific deploy-
ment ratio was carefully selected in order to induce



neointimal growth without inflicting excessive injury to
the vessel. The animal was sacrificed, and the stented
vessel harvested, at 14 days post-deployment. The
vessel was then fixed in 10% buffered formaldehyde
and embedded in methacrylate resin. The embedded
vessel was imaged with high resolution micro-Com-
puted Tomography (micro-CT) (Skyscan, Belgium)
and the 3D geometry of the stent struts was recon-
structed into a 3D surface mesh. Following micro-CT
scanning the embedded vessel was sectioned for his-
tomorphometric evaluation. To facilitate comparison
between the experimental data and the results of
numerical analysis the axial location of histology sec-
tions within the 3D micro-CT geometry were deter-
mined by visual inspection of strut morphology.33

Computational models of the solid and fluid
mechanics within the stented artery are described be-
low, both of these numerical models used the deployed
stent geometry, obtained from volumetric micro-CT,
as the starting point in combination with idealised
models of the porcine right coronary artery assuming a
cylindrical geometry of constant radius and wall-
thickness. Distributions of solid and fluid stimuli
derived from numerical simulations were compared
with the biological response measured in seven trans-
verse histological sections taken along the length of the
stented region. ISR was quantified from histology at
each cross-section by measurement of the neointimal
thickness (NIT) at individual strut locations. NIT per-
strut was calculated as the radial distance between the
stent strut and the lumen margin (Fig. 1).

FEM Computational Model

Structural simulations of wall mechanics were
undertaken using an individual model, of length
7.5 mm, centred at the axial location of each of the

seven histological sections where measures of NIT were
obtained. The benefit of this sampling approach over a
full 3D model was that this allowed greater local mesh
refinement in the region of interest. A coronary artery
model was created within ANSYS Mechanical APDL
v14.0 (ANSYS Inc., Canonsburg, PA) with an initial
diameter of 2.8 mm (the luminal diameter of the right
porcine coronary artery obtained in vivo from angi-
ography prior to stenting) and a wall thickness of
0.1 mm based on a ratio (h/2r = 0.04) of wall thickness
(h) to vessel diameter (2r).35 The stress-free diameter of
the FEA model corresponds to the diameter measured
from angiography, as such the pressure in the FEA
analysis represents pressure above mean physiological
pressure. The arterial properties were represented by a
hyperelastic material model with a third-order strain
energy density function13:

U ¼ 0:04 � ðI1 � 3Þ þ 0:003 � ðI2 � 3Þ2 þ 0:085 � ðI2 � 3Þ3

where I1 and I2 are the first and the second invariants
of the Cauchy–Green tensor. The resulting mesh
comprised 19200 solid elements (SOLID185) for the
vessel, 98102 target elements (TARGE170) for the
stent and 6400 contact elements (CONTA173) for the
inner layer of the vessel that would interact with the
stent (Fig. 2a). Mesh sensitivity tests were undertaken
to ensure results did not change significantly with
further mesh refinement. The number of elements used
in the 3 directions were: 160 around the vessel cir-
cumference, 3 through the vessel thickness and 40 in
the axial direction. Elements were equally sized around
the circumference and refined through thickness and
along the axial direction with a ratio of 2 and 0.5
respectively between the element size at the centre and
at the edges (as shown in Fig. 2b in the axial direction).
Reducing element size by a factor of two in each
direction resulted in changes of less than 2, 8 and 5%
of the maximum compressive force (CF), respectively.
This choice of mesh density also resulted in a good
element shape, which allowed the simulations to con-
verge without issues due to poor element aspect ratio.
Sensitivity of the results to both model length and
element type were also evaluated. Variation in the CF
when either doubling the length of the model domain
or using the higher order SOLID186 element type was
of the same order as the variation observed with
changes in mesh density: in both cases these effects
have limited influence on the relative distribution of
CF over the arterial wall, which determines the overall
correlation with the biological response.

The stent was assumed to be rigid and constrained
in all degrees of freedom. Axial motion of the vessel
was constrained at the ends, while rigid body motion
was suppressed by constraining the displacements in x

FIGURE 1. Histology slide showing the extent of NIH cover-
ing the stent struts. The coarse dashed line indicates the lu-
men area, the fine dashed line shows the area bounded by the
internal elastic lamina (IEL). The NIT at each strut is defined as
the distance from the stent strut to the vessel lumen.



direction at x = 0 and the displacements in y direction
at y = 0 at the ends of the vessel, yet allowing free
radial expansion. In the first load step, the vessel
geometry was expanded using a pressure (40 kPa) of
similar magnitude to that imposed during a typical
angioplasty procedure, distending the vessel beyond
the deployed stent diameter. In the second load step,
contact was activated to capture the interaction
between the stent and the inner surface of the vessel as
the vessel was released onto the stent (Fig. 2c). FEM
simulations were performed on a 64-bit desktop com-
puter equipped with a 3.20 GHz quad-core processor
and 16 GB RAM.

FEM Calculations for Analysis

The local compression caused by the stent strut was
evaluated following stent/vessel contact. The third
principal stress value, which represents the radial
compression of the vessel wall (Fig. 2d), was integrated
over the surface of a region local to each strut position,
providing a measure of the CF acting on the arterial
wall. The axial length of this region (0.15 mm) was
constant for all segments and strut locations. The cir-
cumferential extent of the region varied with strut
location and was chosen to include the contribution of

each strut to the compression of the arterial wall. The
compressive component was chosen from observation
of the initial development of ISR, localised in the area
of the stent struts in early stages of the biological
response following stent implantation.

CFD Computational Model

For CFD simulations an idealised vessel of length
36 mm, radius 2.8 mm and wall thickness 0.1 mm was
used to obtain the deformed state of the vessel post-
stenting using an explicit methodology (ABAQUS
Explicit v6.10, Dassault Systems Simulia Corp., RI,
USA) as described previously in Morlacchi et al.33 The
surface domain of the deformed state was used to
create a fluid volume mesh region using ANSYS ICEM
CFD v13.0 (ANSYS Inc., Canonsburg, PA). In the
present study, a 28 mm radius of curvature was chosen
to represent the inlet and outlet vessel geometry
(Fig. 3a) positioned according to a visible residual
curvature in the micro-CT images of the stent; the
centreline for the vessel was assumed to be a plane
curve. The curvature ratio is defined as d = a/
R = 0.05, where a is the radius of the artery inlet and
R the radius of curvature. This value of curvature
was based on measurements taken from 2D spline

FIGURE 2. (a) Element types used in the finite element model. (b) Initial configuration of the geometry before radial expansion of
the vessel wall. (c) Final configuration of the vessel geometry after expansion and subsequent release onto the stent. (d) Stress
contours (kPa) on the inner surface of the vessel in the region used to compute the local force acting on the tissue corresponding
to the histology data.



measurements on single-plane angiographic images of
three similar (juvenile Yorkshire White) porcine RCA
models (28.92 ± 4.06 mm) and single-plane coronary
angiograms of the human RCA.29 For simplicity,
vessel torsion (out of plane curvature) was not in-
cluded in the model, as the combined effect of curva-
ture and torsion has been shown to be similar to
curvature alone.37

The fluid domain was defined using a hybrid
(combined hexahedral and Octree tetrahedral) mesh6

shown in Fig. 3b and comprised 2974793 elements and
6206954 nodes. This mesh density was chosen follow-
ing grid independence tests when the difference for the
area-weighted average and percent area coverage for
WSS fell below 1%.

Time-dependent simulations were performed using
the finite-volume ANSYS FLUENT solver (v13.0).

Blood was modelled as an incompressible fluid
(q = 1060 kg/m3), with non-Newtonian viscosity de-
fined using the Carreau model with the following
parameters: l¥ = 0.0035 kg/m s, lo = 0.25 kg/m s,
k = 25.00 s and n = 0.25, obtained from the litera-
ture.38 A pulsatile flow waveform (Fig. 3c) was applied
at the inlet using a parabolic velocity profile according
to Huo et al.17 This profile was scaled to represent the
flow within a porcine RCA with an average flow rate of
Q = 47 mL/min (mean velocity = 0.125 m/s), and
cardiac cycle of 0.5 s. The geometry and inlet condi-
tions specified above result in a maximum Reynolds
number, Re = 108.09 justifying the assumption of
laminar flow; the Dean number, j ¼ Re

ffiffiffi

d
p

; was cal-
culated to be 24.17, which is within the range for
coronary flow.20 The relative pressure on the outlet
was set to 0 Pa. The artery and stent were modelled as
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FIGURE 3. (a) Geometry used for CFD simulations. (b) Internal CFD hybrid mesh scheme. (c) Flow waveform over a single cardiac
cycle for porcine right coronary artery, adapted from Huo et al. (with permission).



rigid wall boundaries with no-slip conditions. This is a
reasonable assumption based on the high stiffness of
the stent relative to the vessel wall.23 The Coupled
scheme was used for pressure–velocity coupling, and
second-order upwind discretisation was used for the
momentum transport equations. Under-relaxation
factors of 0.4 for pressure and momentum and 1 for
density were used. Convergence was achieved for
continuity and momentum when residuals fell below
10�7. The time step size was set to 0.005 s after an
appropriate temporal sensitivity analysis. Simulations
were performed on a desktop computer, equipped with
a 3.06 GHz quad-core processor with 16 GB RAM,
using 4 parallel processors.

CFD Calculations for Analysis

The time-averaged WSS magnitude, and OSI were
evaluated at locations corresponding to the histologi-
cal sections. OSI describes the degree of deviation of
the WSS (sw

!) from its average direction during pulsa-
tile flow and is defined as follows:
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OSI was calculated using a Matlab sub-routine
(MathWorks, Natick, MA, USA) and plotted using
Tecplot Focus (v2, Bellevue, WA, USA) to identify
regions with high OSI. Both haemodynamic indices
were evaluated and compared with the measure of NIT
derived from histology in the region of each stent strut
(Fig. 1). Haemodynamic properties were averaged
over the circumferential region local to each strut, this
region extended either side of each strut to the mid-
point between the strut in question and its neighbour
Due to non-symmetric strut geometry and deployment,
the distance between struts changes. As the response of
the artery to altered haemodynamics may depend on
the behaviour of cells within the region of the strut this
approach accounts for variation of haemodynamics in
the region of each strut. As a result, the combined
measure of CF and averaged WSS accounts for effects
that are focal to the strut (CF) and distributed within
the region of the strut (averaged WSS).

Statistical Analysis

Linear regression was applied to the data, comparing
measured NIT at each strut location with the compu-
tational parameters (CF, WSS, OSI) and reporting the
corresponding coefficient of determination (R2). The

combined parameters CF/WSS and CF 9 OSI were
compared with NIT, as lowWSS and high CF and OSI
are proposed to stimulate neointimal growth.

RESULTS

Four quantities were taken into consideration, one
measure of biological response (NIT) and three
numerical solution variables to represent the mechan-
ical (CF) and fluid (WSS and OSI) stimuli acting on
the vessel wall. Results were computed at seven loca-
tions within the stented region to provide a direct
comparison with histological data at the level of indi-
vidual stent struts giving a total of 53 data points
throughout the stented region.

Figure 4 shows the seven histological sections (up-
per pane) along with the volumetric stent geometry
acquired from segmentation of the microCT dataset
(middle pane). The axial location of each histological
section is illustrated on the segmented microCT image,
providing the position at which the numerical solutions
were compared with histology. Figure 4 also shows
(lower pane) the contours of time-averaged WSS on
the vessel lumen throughout the stented region for a
180� segment of the vessel.

Figure 5 shows histological data from three of the
seven cross-sections shown in Fig. 4 (upper pane) along
with the variation of results within each histological
section. Sections were selected to illustrate the variation
inNIT within the proximal, middle and distal regions of
the stented vessel, which resulted in a percent restenosis
by area of 41.8, 20.4, and 23.7%, respectively. Figures 5a
and 5b and c show the histological sections together with
the convention used to locate strut position in the line
plots shown in Figs. 5d, 5e and 5f. Figures 5d, 5e and 5f
show the variation in NIT (computed from histological
sections), CF (computed by FEM analysis) and time-
averagedWSS (computed by CFD analysis) within each
section. The x axis of each plot represents the strut
angular position, a, defined in Figs. 5a, 5b and 5c.

Figure 6 shows linear regression plots for mechan-
ical stimuli, CF, and haemodynamic parameters, WSS
and OSI, in the region of each strut plotted against the
NIT at each strut location. The correlation between
NIT and the combined parameters CF/WSS,
CF 9 OSI and OSI/WSS is also presented. Values for
the slope, m, intercept, b, and correlation coefficient,
R2, for each plot are reported in Table 1.

DISCUSSION

This study demonstrates the influence of realistic 3D
deployed stent geometry on the structural and fluid



mechanics following stent deployment. Direct com-
parison between these stimuli and the biological
response at the level of individual stent struts is pos-
sible through the coupling of 3D volumetric micro-CT
images of stent geometry and 2D histological sections.

The FEM simulations indicate that CFs are higher
at the proximal and distal ends of the stented region
than in the central region (Figs. 5d, 5e and 5f). In the
proximal region, increase in CF is co-located with a
greater biological response, (Fig. 5d). However, in the
distal region, this relationship no longer holds
(Fig. 5f). Previous work by other groups has consid-
ered circumferential stresses in the vessel wall averaged
over the vessel cross-section for both stented and non-
stented regions over a range of final diameters5 whilst
the aim of the current study is to consider the variation
in the biological response within a single vessel at the
level of individual struts. In this situation, the varia-
tions in circumferential stress observed are relatively
small in comparison to the compressive stress, and for
this reason, the force generated by strut contact is
reported since this is less likely to be influenced by the
accuracy of the segmented micro-CT data used to

describe the stent geometry than the stress local to each
strut. The reporting of force over a local region also
reduces possible inconsistency in axial location
between the numerical model and the processed his-
tological section.

The CFD simulations indicate correlations between
low values of WSS (<0.4 Pa), high OSI (>0.2) and
greater neointimal growth (Figs. 5 and 6). The use of a
physiological vessel curvature results in skewing of the
velocity profile towards the upper region of the vessel
and the formation of a recirculation zone within the
proximal region of the domain, resulting in low values of
WSS (Fig. 4, lower pane) which may influence
localisation of ISR. These findings are consistent with
those of other studies which indicate that lower shear
stress is observed along the endocardial aspect of a
curved coronary artery.25 Such flow features have been
linked to increases in both platelet and inflammatory cell
activation.11,22 The correspondence between these flow
features and the area of greatest ISR in this porcine
model supports the importance of this phenomenon.
However, it is clear from Fig. 6 that the relationship
between individual measures of fluid dynamics and the

FIGURE 4. The seven histology cross-sections used for evaluation of the biological response to stent implantation (upper pane).
Stent geometry from microCT segmentation, showing locations of the seven histology cross-sections (middle pane). Contour of
WSS (Pa) throughout the stented region for a 180� section of the vessel wall (lower pane).



biological response is not consistent throughout the
stented region.

Each of the individual stimuli considered in this
study demonstrate a greater correlation with NIT in
the proximal region of the stented vessel, where the
neointimal thickening is most significant. However,
correlation with individual parameters is not main-
tained along the length of the stent. Higher correlation
is observed when considering parameters which in-
clude both a structural and fluid mechanics compo-
nent, as shown in Fig. 6 and demonstrated in Table 1.
These results are reported for comparison with data
reported by other authors5 and our findings are in
agreement with Chen et al., suggesting that both forms

of mechanical stimuli play a role in determining the
magnitude of the biological response.

Whilst computational studies are becoming
increasingly sophisticated, with the use of patient-
specific images for construction of the structural and/
or fluid domains, the relative roles of solid and fluid
mechanics in the biological process of ISR remains
unresolved. Morlacchi et al.34 included both structural
simulations of the stent implantation and subsequent
fluid dynamic simulations in the same domain. This
representation was valuable for computational inves-
tigation of the influence of stent geometry under
immediate post-implant conditions, but lacked direct
representation of in vivo stent geometry and comparison
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with histology to aid interpretation of the outcome.
Sanmartı́n et al.36 used a patient-specific representation
of the vessel lumen, and found a similar negative cor-
relation between WSS and NIT. However, detail
regarding the influence of stent geometry was not di-
rectly reported. Chen et al.5 reported correspondence
between in vivo neointimal growth, fluid (WSS, WSS
gradient, OSI) and mechanical (circumferential stress)
stimuli as a function of axial location along the stent.
However, the numerical model used an idealised de-
ployed stent and parameters were averaged over each
cross-section for comparison with the biological
response at the level of each cross-section, rather than
the level of each strut.

Here we use the vessel geometry immediately post-
implant to evaluate hypotheses related to the pro-
gression of early-stage ISR. The methods employed
within this paper account for the fact that not all struts
at a particular axial location are subjected to identical
conditions. The use of in vivo 3D micro-CT stent
geometry captures such variation in stimuli between
struts and the resulting correlation with local biologi-
cal response. Further work will be required to evaluate
the consistency of these correlations within porcine
restenosis models and whether these effects are
observed in a clinical context. The choice of a 14 day
timepoint ensures that the magnitude of the biological
response is sufficient to determine variations in
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TABLE 1. Regression parameters for plots shown in Fig. 6.

CF (N) WSS (Pa) OSI (%) CF/WSS CF*OSI OSI/WSS

m 0.004 �0.53 0.15 0.22 0.001 6.58

b 0.003 0.44 0.001 �0.02 �9e�5 �0.79

R2 0.19 0.25 0.28 0.64 0.52 0.47



response at different regions of the vessel, whilst
reducing the possibility that this response is dominated
by later remodeling effects. At later timepoints it is
possible that the solid mechanics and fluid dynamics
within the stented artery will no longer be captured
adequately by models based on the immediate post-
deployment geometry. Models which are able to cap-
ture the growth of the new tissue allow computation of
the fluid dynamics throughout the process of neointi-
mal formation. Previous studies have proposed ISR
growth models based on structural stimuli alone24 and
changes in fluid dynamic stimuli resulting from cellular
proliferation.42 Understanding of the coupling between
cellular proliferation and the vascular stress state is
currently limited, the use of more detailed models for
the vascular wall incorporating the influence of the
neointimal growth and the evolution of vascular wall
stress following stent implantation may provide more
detail of the relationship between vascular wall
mechanics and progression of ISR.

Model Limitations

This study was based on data from a single stent
deployed in a single animal and it is possible that the
correlations reported here may vary between animals.
However, the strength of the method described is that
it enables the influence of stimuli to be investigated at
the level of individual stent struts, enhancing the value
of data available from a single experiment. The out-
comes from this study could be used to guide future
design of animal studies to consider the ISR response
at different levels of injury and over different time-
points after implantation. An isotropic material
description was used for the arterial wall in this study.
This could be improved using a layer-specific repre-
sentation for arterial tissue as reported by other
authors.10 However, it is anticipated that changes in
material properties through the thickness of the arte-
rial wall would have greater influence on the distribu-
tion of stress through the wall than the relative
distribution of stress around the circumference of the
vessel wall which determines the correlation between
mechanical stimuli and biological response in this
study. Whilst other studies have simulated the com-
plete process of stent deployment the focus of this study
was to consider stresses in a sample-specific case where
both 3D stent geometry (from micro-CT) and biological
response data (from histology) were available using the
3D micro-CT geometry of the stent to define a rigid
contact surface, neglecting the stress-state in the stent.

The methods described provide insight into the
relative role of three biomechanical factors in the ini-
tiation of ISR. The methodology relies on the ability to
relate 2D histological data to 3D micro-CT data of the

deployed stent. At the present time this is carried out
manually. Development of novel imaging methods to
provide both the 3D deployed stent geometry and the
volumetric distribution of neointima would improve
this process and Optical Projection Tomography is a
potential candidate method to provide such data.39

Fluid-structure analysis would be the most accurate
approach to consider the detail of the coupling between
fluid and solid effects. This would require a more
detailed problem specification in order to incorporate
appropriate solid mechanics boundary conditions.

CONCLUSION

This computational study considers the structural
and fluid dynamic stimuli acting on a stented coronary
artery in the post-deployment configuration using a
combined FEM and CFD approach. The availability
of corresponding histological data provides insight
into the relationship between these factors and the
degree of NIH. The results support the combined role
of both structural and fluid mechanics to determine the
magnitude of ISR at the level of individual struts.
Extension of the methodology to consider the changes
in structural and fluid stimuli during the development
of NIH could provide insight into dynamic changes in
these stimuli during the growth of neointimal tissue.
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