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Abstract. Drug-eluting stents (DES) are widely used for treating coronary artery disease, but there are cases where
restenosis and late stent thrombosis occur. In this context, understanding the effects of the drugs used in DES and
the transport through the arterial wall on the overall health of DES-treated arteries presents a complex challenge that
could be addressed through the development of mathematical and computational models. Although experimental efforts
have been made to determine fundamental physical and biophysical parameters, these parameter values are not always
applicable in all circumstances, particularly when atheroma plaque is present. In this context, this study performs a
sensitivity analysis of transport parameters associated with atheroma plaque in arterial walls treated with DES. The
drug elution from the polymer coating and its transport using advection-diffusion-reaction equations in the arterial wall
are simulated on a 2D-axisymmetric unstructured grid, representing a portion of a DES with the adjacent arterial wall,
using the Finite Element Method. The polymer layer of the DES and the arterial wall are modeled as porous media
with incompressible flow and a constant pressure Dirichlet condition. A nonlinear dissolution model is used for the drug
dynamics in the polymer coating, and a nonlinear saturable binding model that includes both specific and non-specific
binding as separate phases in the arterial wall. The transport of the drug in the arterial wall is modeled considering an
anisotropic diffusion tensor, with principal directions re-oriented in the vicinity of the stent to properly account for the
compression and realignment of tissue fibers. Finally, the atheroma plaque is represented by the variation of permeability
from its value in the arterial wall, using a hyperbolic tangent function to define a smooth artery/atheroma interface. The
sensitivity analysis is performed by considering two types of atheroma plaque: soft and firm, using the drug sirolimus
represented by literature parameters. The velocity field in the case of a firm atheroma is lower in magnitude compared
to the normal arterial wall, which also reduces the convective transport of eluted drug. On the other hand, in the case
of a soft atheroma, velocities are higher than in the normal arterial wall, resulting in an increased convective flux and,
eventually, the wash out of the drug. The presence of either firm or soft atheromas significantly modifies the concentration
distribution, possibly leading to the need for modified dosages and polymer formulations to compensate for these effects.

Keywords: drug-eluting stents, atheroma plaque, Darcy’s law, convection-diffusion-reaction equations, Finite Element
Method

1. INTRODUCTION

Drug-eluting stents (DES) are small metal mesh tubes coated with a polymer that serve the purpose of keeping ob-
structed coronary arteries open. They are designed to facilitate the controlled release of medication, which aids in the
healing of the damaged arterial wall (Cao et al., 2021). Although drug-eluting stents (DES) are extensively employed in
the treatment of coronary artery disease, concerns persist regarding the increased risk of in-stent restenosis (Dangas et al.,
2010; Giacoppo et al., 2023) and late stent thrombosis (Camenzind et al., 2007; Stone et al., 2007). Thus, there are efforts
to advance into a more effective and safe medical device in the treatment of coronary artery diseases (Cao et al., 2021;
Tan et al., 2023; Yin et al., 2023). At the same time, mathematical and computational modelling has also been advancing
in the more accurate representation of the drug-eluting kinetics and the drug transport in the arterial wall vicinity of the
implanted stent (Bozsak et al., 2014; Lucena et al., 2018; Frazzoli, 2020; Escuer et al., 2022).

The coronary artery diseases are caused mainly by atherosclerosis with presence of atheromas plaques (calcified
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fibrous materials, lipid, and cells) inside the arterial wall (Buja, 2015; Oikonomou et al., 2018). These plaques can
significantly modify the drug-delivery from stents through the arterial wall (Guo et al., 2013). Thus, a model for the drug
transport through the atheroma plaques needs to be considered in order to obtain adequate simulation results for evaluating
safety and efficacy of a DES.

Soft atheroma plaques consist of a lipid-rich core covered by a fibrous cap, while hard plaques contain additional
calcium deposits, making them more rigid and less elastic, and resulting in reduced permeability. Ferreira et al. (2018),
for instance, models a calcified atheroma cap as having zero permeability. Transition from soft to hard plaques can occur,
and the permeability of plaques can evolve over time depending on their specific characteristics and stages.

Although there have been publications discussing the physicochemical properties of certain drugs associated with
atheroma plaques (Hossain et al., 2012; Guo et al., 2013), determining precise parameter values is often challenging due
to inter-individual variations and the specific conditions during DES implantation (Tocci et al., 2015). In this regard,
conducting sensitivity analyses of these parameters using mathematical and computational models can provide valuable
insights into the underlying biophysical phenomena. Such analyses can contribute to the development of safer and more
effective drug-eluting stents (DES) by enhancing our understanding of these complex processes.

Therefore, this work focuses on the effect of the presence of atheroma plaque in the DES-treated arterial wall on the
overall drug transport dynamics through the plaque and the arterial wall. The models used in this work are based on
the modelling framework of Lucena et al. (2018). Lucena et al. (2018) considered a 2d-axisymmetric geometry of a
portion of a DES with the adjacent arterial wall, and the model equations were solved using the Finite Element Method.
The polymer layer of DES and the arterial wall were modelled as porous media with incompressible flow and a constant
pressure difference imposed across the arterial wall. The drug-elution and saturable specific and non-specific binding in
the arterial wall were modelled as proposed by McGinty and Pontrelli (2015). Finally, an anisotropic diffusion tensor
was included by Frazzoli (2020) into the aforementioned modeling framework in order to account for the compression
and realignment of tissue fibers in the vicinity of the implanted stent, so the diffusion tensor has its principal directions
re-oriented due to the presence of the stent.

This study builds upon the modelling framework proposed by Lucena et al. (2018) to include a drug transport model
for atheroma plaques. The model incorporates a variation in permeability, represented by a hyperbolic tangent function
at the smooth interface between the plaque and arterial wall. A sensitivity analysis is performed to account for different
patient situations. Simulation results with varying permeabilities are compared to the findings of Lucena et al. (2018) and
Frazzoli (2020) to enhance understanding of drug transport dynamics.

The proposed model and the numerical methods are presented in Section 2.. Section 3.shows the results obtained by the
computer simulations, followed by some discussions. Finally, the conclusion of the work is presented in Section 4..

2. THE MATHEMATICAL MODEL AND NUMERICAL METHOD

In this section, the mathematical model (Section 2.. 1) and the numerical method (Section 2.. 2) employed for the com-
puter simulations are presented.

2.1 Mathematical model

Figure 1(a) shows the 2d-axisymmetric domain composed of a polymer layer (⌦1) covering a stent strut, and a portion
of arterial wall (⌦2) where the strut is half-embedded, and (b) shows a 3d sketch of the axisymmetric geometry of the
problem. The axial direction coincides with the direction of the lumen, and the radial direction is chosen as orthogonal to
the arterial wall. The dimension of the geometry is similar to the one used in Lucena et al. (2018): lumen radius r0 = 1.5
mm, arterial wall thickness Lr = rmax � r0 = 0.5 mm, stent strut diameter ds = 0.25 mm, stent polymer thickness
Lp = 0.05 mm, and the length of the arterial wall Lz = 0.7 mm. The endothelium near the polymer layer is considered
denuded due to the lesion (Bozsak et al., 2014), comprised by the length Ls = 0.15 mm on both sides adjacent to the
embedded polymeric layer. Away from the polymer layer, the endothelium is considered intact.

The arterial wall is considered as a porous media, and the fluid (plasma) flow is modelled by Darcy’s law and continuity
equation:

u = � 1

µ
PDirp, in ⌦1 [ ⌦2, for i = {p, w}, (1)

r · u = 0, in ⌦1 [ ⌦2, (2)

where u = (ur, uz) is the Darcy velocity field with radial and axial components, respectively, p is the pressure field, µ =
7.2⇥ 10�4 Pa·s is plasma dynamic viscosity (Zunino, 2004), PDp = 2.78⇥ 10�21 m2 is the permeability in the polymer
layer, and PDw is the permeability in the arterial wall. In this work, the arterial wall is composed of injured atheroma
with a thin transition to smooth muscle cells (SMC). Because there is no available information about the permeability in
the atheroma, we consider values ten times larger and ten times smaller from the permeability in the SMC reported in the
literature (P ⇤

Dw = 2 ⇥ 10�18 m2, see Bozsak et al. (2014)) in order to perform the sensitivity analysis. A hyperbolic
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(a) (b) (c)
Figure 1. (a) Domain of 2d-axisymmetric geometry (⌦1: polymer layer, ⌦2: arterial wall) with denuded endothelium in
the vicinity of the stent. (b) Illustrative 3d sketch of the problem. (c) Computational domain and unstructured triangular

mesh employed in the simulations.

tangent function is used to take into account the transition between atheroma and SMC. Therefore, the permeability in the
arterial wall is expressed as a function of the radial axis as follows

PDw(r) = P ⇤
Dw


1

2
(� + 1) +

1

2
(� � 1) tanh

✓
10⇡

Lr
(rm � r)

◆�
, (3)

where rm is the position of the transition which is considered at the middle of the arterial wall, the factor Lr/10 corre-
sponds to the length scale of the transition thickness which is one-tenth of the arterial wall thickness, and � is the ratio of
the considered permeability in atheroma to the permeability in the SMC.

For the numerical solution of the equations (1) and (2), an overpressure of 9.31⇥103 Pa is prescribed on the lumen side
of the boundary compared to the adventitial side (Ai and Vafai, 2006), and the periodic boundary condition is considered
in the axial direction.

The transport of dissolved drug concentration, c, is modelled by the following advection-diffusion-reaction equations:

@c

@t
+ up ·rc = r · (Dprc) + f0(b0, c), in ⌦1 (polymer layer), (4)

@c

@t
+ uw ·rc = r · (Dwrc)� fns(bns, c)� fs(bs, c), in ⌦2 (arterial wall), (5)

where up = u/�p and uw = u/�w are the seepage velocity in the polymer layer and arterial wall with its effective
porosity �p = �w = 0.29, respectively (Bozsak et al., 2014). Dp and Dw are the diffusivity tensor of the drug in the
polymer layer and arterial wall, respectively, f0 is the dissolution rate of the drug in the polymer layer from the solid
concentration b0, and fns and fs are the rates of non-specifically and specifically bound drug kinetics, respectively, with
non-specifically bound drug concentration bns and specifically bound concentration bs. In this work, the data of transport
and pharmacokinetic properties of sirolimus are employed. The diffusion coefficient of the sirolimus in the polymer layer
is considered as homogeneous and isotropic, with the value equal to 10�14 m2 s�1 (Bozsak et al., 2014). In the arterial
wall, the diffusion coefficient of the sirolimus drug in the radial direction is 7⇥ 10�12 m2 s�1, and in the axial direction
is 4 ⇥ 10�11 m2 s�1 (Bozsak et al., 2014). These diffusion coefficients are the diagonal components of the orthotropic
diffusivity ⇤.

Due to the stent implantation, the fibers of the arterial wall are deformed, and therefore, the transport properties of
the eluted drug in the SMC are altered. In this context, Frazzoli (2020) considered a modified diffusivity tensor in the
arterial wall due to the realignment of the fibers of the arterial tissue after the stent implantation. Thus, the diffusivity
tensor Dw in the arterial wall is expressed in terms of the orthotropic diffusivity ⇤, using the similarity transformation by
an orthogonal matrix S whose columns are composed by the principal directions: perpendicular and tangential directions
of the fibers in the arterial wall, i.e., Dw = S⇤S�1.

An auxiliary potential function �, with value zero on the adventitia and one on the deformed endothelium due to the
embedded strut, is considered in order to obtain the principal directions of the fibers. Therefore, the potential function �
is obtained by solving the equation r2� = 0, and the perpendicular, v?, and tangential, vk, directions of the fibers are
computed, respectively, as following:

v? =
r�

||r�|| and vk = R⇡/2v?. (6)
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In the last expressions, R⇡/2 is the rotation matrix which rotates the vector v? counterclockwise through an angle ⇡/2
about the origin, and || · || is the Euclidean norm.

The equation for the dissolution of the drug in the polymer layer is expressed as:

db0
dt

= �f0(b0, c) = ��0 b
2/3
0 (S0 � c) , in ⌦1 (7)

where �0 = 10�4 (mol m�3)�2/3 s�1 is the dissolution rate and S0 = 10 mol m�3 is the drug solubility (McGinty and
Pontrelli, 2016). Furthermore, the equations of pharmacokinetics for the non-specifically bound and specifically bound
drug concentrations are given, respectively, as:

dbns
dt

= fns(bns, c) = kfns c (b
max
ns � bns)� krns bns, in ⌦2 (8)

dbs
dt

= fs(bs, c) = kfs c (bmax
s � bs)� krs bs, in ⌦2 (9)

where bmax
ns = 0.363 mol m�3 and bmax

s = 3.3 ⇥ 10�3 mol m�3 are the saturations values of non-specifically and
specifically bound drug concentration, kfns = 2 (mol m�3 s)�1 and kfs = 800 (mol m�3 s)�1 are the rate constant of
binding kinetics, and krns = 5.2 ⇥ 10�3 s�1 and krs = 1.6 ⇥ 10�4 s�1 are the unbinding rates of the bound drug
concentration (McGinty and Pontrelli, 2016).

In the region ⌦2, the initial conditions for the free concentration c, specifically bound concentration bs, and non-
specifically bound concentration bns are all set to zero. On the other hand, in the region ⌦1, the undissolved concentration
b0 is initialized to a value of 100 mol m�3 (Bozsak et al., 2014).

2.2 Numerical method

A finite element package based on the Julia just-in-time (JIT) compiler (Badia and Verdugo, 2020; Verdugo and Badia,
2022) is employed for the resolution of the governing equations in two-dimensional axisymmetric coordinates.

The weak form for the Darcy’s law is:
Z

⌦1

PDp(rp) · (rq) d⌦+

Z

⌦2

PDw(rp) · (rq) d⌦ = 0, (10)

where q is the weighting function belonging to the Sobolev space with square-integrable first derivative. The resulting
linear system is solved using LU factorization.

With the obtained pressure, the velocity field is obtained using the weak form of the Eq. (1):
Z

⌦1[⌦2

u · v d⌦ = � 1

µ

Z

⌦1

PDp(rp) · v d⌦� 1

µ

Z

⌦2

PDw(rp) · v d⌦, (11)

where v is the weighting function belonging to the vector-valued Sobolev space with square-integrable first derivative.
The subsequent linear system is also solved using LU factorization.

The transport equations are solved using first order implicit time-stepping method for the advection-diffusion terms
and Newton-Raphson method for the convergence of inner fractional-stepping of the reaction terms. Thus, the weak form
of the transport equations is expressed as:

Z

⌦1[⌦2

cn+1
⇤ � cn

�t
q d⌦+

Z

⌦1

(up ·rcn+1
⇤ )q d⌦+

Z

⌦2

(uw ·rcn+1
⇤ )q d⌦

+

Z

⌦1

(Dprcn+1
⇤ ) · (rq) d⌦ +

Z

⌦2

(Dwrcn+1
⇤ ) · (rq) d⌦ = 0, (12)

where cn is the known concentration field at time tn = n�t, and cn+1
⇤ is the concentration in the new time-step without

the contribution of the reaction terms.
The Newton-Raphson method is employed to solve the non-linear equations emerged when reaction terms are taken

into account. As the reactions terms considered in this work are mass conservative, the time advancement of the drug
dissolution in the polymer layer (⌦1):

bn+1
0 � bn0

�t
= �f0(b

n+1
0 , cn+1), in ⌦1, (13)

is combined with the correction of the concentration cn+1� cn+1
⇤ = �bn+1

0 + bn0 in ⌦1, obtaining the following equation:

bn+1
0 � bn0

�t
= �f0(b

n+1
0 , cn+1

⇤ � bn+1
0 + bn0 ), in ⌦1. (14)
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Similarly, the advancement of the binding reactions in the arterial wall is combined with cn+1 � cn+1
⇤ = �bn+1

ns + bnns �
bn+1
s + bns in ⌦2, which return the following set of equations:

bn+1
ns � bnns

�t
= fns(b

n+1
ns , cn+1

⇤ � bn+1
ns + bnns � bn+1

s + bns ), in ⌦2, (15)

bn+1
s � bns

�t
= fs(b

n+1
s , cn+1

⇤ � bn+1
ns + bnns � bn+1

s + bns ), in ⌦2. (16)

3. COMPUTATIONAL RESULTS AND DISCUSSION

3.1 Computational set-up

The computational mesh used in this work is an unstructured triangular mesh with 38,187 triangular elements and
114,561 nodes (see Fig. 1(c)). The second order triangular elements are employed. The regions with larger gradients
of the variables were refined, thus, grid-independence was achieved. The temporal step for the transient simulation is
�t = 50 s, and it is extended until tf = 20 days after the stent implantation at t0 = 0.

Three sets of simulations are performed (see Table from Fig. 2(a)). The default case with identification ath0 considers
the SMC without atheroma, hence the permeability in the arterial wall is not modified, which is given by � = 1.0; this is
the configuration used in Lucena et al. (2018) and Frazzoli (2020). The other two cases consider the presence of atheroma
plaque: (i) larger permeability for the atheroma plaque with � = 10.0 (simulation identification ath+), and (ii) lower
permeability for the atheroma plaque with � = 0.1 (simulation identification ath-). Figure 2(b) shows the sketch of
the domain with two line segments in the radial direction A'A'' and B'B'' where the variables fields are computed and
compared between the results of the simulated cases.

Simulation ID Permeability ratio �
ath0 1.00
ath+ 10.0
ath- 0.10

2e-19 2e-18 2e-17

Permeability in Ω2 (m
2
)

ath0

ath+

ath-

(a) (b) (c)

Figure 2. (a) Detail of the simulations performed. (b) Domain with two line segments A'A'' and B'B'' where the variables
fields are computed. (c) Permeability distribution of the simulated cases, with its vertical axis aligned along the radial

direction of the figure (b).

3.2 Pressure and velocity fields

The pressure fields from the simulation results are presented in Fig. 3. In the case with higher permeability (case
ath+), Fig. 3(b) shows that the arterial wall is exposed to higher pressure and larger gradients in SMC; on the contrary,
larger gradients are observed in the atheroma plaque with lower pressure in the SMC in case of lower permeability for
the atheroma (case ath-). This can also be observed in Fig. 5(a), where the pressure fields are computed over the line
segments A'A'' and B'B''.

As a result of the effect of the atheroma on the pressure field, the velocity field is accordingly altered, as shown in
Fig. 4. A higher permeability of the atheroma plaque (ath+) is correlated with a higher velocity in the arterial wall,
exhibiting approximately an order of magnitude difference in velocity compared to the absence of atheroma (ath0).
Figure 5(b) shows the velocity magnitude computed over the line segments A'A'' and B'B''; there are differences in the
order of magnitude of the velocity between the cases simulated. The presence of the embedded stent reduces drastically
the velocity in the arterial wall above the polymer (see the dashed lines in Fig. 5(b)).
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(a) ath0 (b) ath+ (c) ath-

Figure 3. Pressure fields considering no atheroma and two different cases of atheroma plaque.

(a) ath0 (b) ath+ (c) ath-

Figure 4. Magnitude of seepage velocity.
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Figure 5. Pressure and magnitude of seepage velocity computed over the line segments A'A'' and B'B''.

3.3 Drug concentration fields

Figure 6 shows the concentration field corresponding to the second day after the stent implantation. In all simulated
cases, the specifically bound drug bs is saturated at t = 2 days, so the figures showing the distribution of the bs were not
presented because they do not give relevant information for our discussion.

The Péclet number in the radial direction is defined as Per = Lr u/D, where Lr is the arterial wall thickness, u is
the representative velocity in the radial direction, and D the diffusion coefficient of the eluted drug in the arterial wall in
the radial direction. This Péclet number is in the order of 3.5 in the default case ath0, and 7.0 and 0.6 in the cases with
atheroma plaque ath+ and ath-, respectively. This means that the transport of the eluted drug in the cases ath0 and
ath+ are dominated by the advection, and it is slightly dominated by the diffusion in the case ath-.

The dominance of advection or diffusion in the transport of the eluted drug has a significant impact on its distribution
and availability within the arterial wall. This effect is evident in Fig. 6, where the concentration fields of the drug (c) and
non-specifically bound drug (bns) on the second day after stent implantation are depicted. In the case of ath-, where
diffusion primarily governs the transport process, a sufficiently high concentration of the drug is present in most regions
of the arterial wall, facilitating binding. However, there is still a noticeable concentration of the drug remaining primarily
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(a) ath0 (b) ath+ (c) ath-
Figure 6. Concentration c and bns on second day after the stent implantation.

(a) ath0 (b) ath+ (c) ath-
Figure 7. Concentration c and bns on twentieth day after the stent implantation.
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in the areas where the atheroma plaque is located. These concentration distributions are further demonstrated in the line
plots shown in Fig. 8, which represent the computed concentrations along the line segments A'A'' and B'B''.

A concerning scenario arises when the transport of the eluted drug is heavily dominated by advection, as is the case in
ath+. In such circumstances, an inadequate amount of drug concentration near the endothelium is available for binding.
Indeed, in the vicinity of the endothelium, the eluted drug from the polymer layer must rely on diffusion to reach that
region. However, in the case of ath+, the advection velocity in the radial direction significantly washes away the drug that
is being transported by the diffusion process near the endothelium. Furthermore, in the case of ath+, the concentration
(c) of the drug is, at most, three times lower compared to the concentration in ath-, and approximately half of the
concentration compared to ath0 (see the plots of Fig. 8). The distribution of the non-specifically bound drug in the case
ath+ is also lower compared to the cases ath0 and ath-. Finally, larger concentration c is observed in SMC, away from
the atheroma plaque in the cases ath0 and ath+, on the contrary to the case ath-.

The distributions of the free concentration c and the concentration of non-specifically bound drug bns at t = 20
days after the stent implantation are shown in Fig. 7. On the twentieth day, the drug concentration (c) in all cases is
significantly lower compared to the second day, reaching orders of magnitude decrease. Due to substantial variations
among the simulated cases, logarithmic scaling has been employed for the color maps in the figure to effectively represent
the differences spanning several orders of magnitude. The concentration c in the case ath+ is several orders lower than
the concentration in the case ath-, showing that the effect of the advection velocity is severe on the availability of the
eluted drug in the arterial wall on the twentieth day. The concentration of the non-specifically bound drug bns in the case
ath+ is nearly two order of magnitudes lower compared to the concentration in the case ath-.
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Figure 8. Concentrations computed over the line segments A'A'' and B'B''.

The velocity in the polymer layer is several orders of magnitude lower compared to that in the arterial wall, due
to the reduced permeability (at least in three orders of magnitude). Thus, the dissolved drug in the polymer layer is
mainly transported by the diffusion process, so the decaying of the drug mass in the polymer layer does not depend on
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the permeability of the atheroma. This can be observed in the average concentration along the time shown in Fig. 9(a).
The concentration in the polymer layer begins with 100 mol m�3, and a nearly exponential time decay is observed. The
half-life in the first 10 days is roughly 3.5 days, and then it reduces to 15 hours.
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Figure 9. Average concentration along the time: (a) Concentration c, (b) concentration of non-specifically bound drug
bns, and (c) concentration of specifically bound drug bs.

The average concentration in the arterial wall, in the case ath+, is lower than the other two cases, and after the 10 days
it decays more rapidly; on the contrary, more drug is retained in the arterial wall for longer time in the case ath-. Figure
9(b) shows the concentration of non-specifically bound drug bns in the arterial wall along the time. In all cases simulated
in this study, saturation of the non-specifically bound drug throughout the entire arterial wall is not attained. However, in
the case ath-, in average reaches higher binding compared to the case ath+. The average concentration of specifically
bound drug bs along the time is shown in Fig. 9(c). In all simulated cases, the saturation of specifically bound drug is
reached; the case ath+ starts to decay from about 15 days, while it is still maintained saturated in the case ath- on the
twentieth day.

3.4 Limitations

This study, like any computational analysis, involves simplifications. The representation of the arterial wall, stent, and
atheroma plaque is based on a simplified geometric model, which may not fully capture the complexities seen in individ-
ual patients. Atheroma plaques are known to exhibit significant heterogeneity, leading to variations in their properties.
However, for this study, constant values were used for permeability, diffusivity, and porosity. We also assume a constant
density of binding sites throughout the arterial wall, although in reality, the composition of atheroma and binding site
density are expected to vary.

4. CONCLUSIONS

A sensitivity analysis is performed to determine the drug distribution in the arterial wall after the drug-eluted stent
implantation based on changes in the permeability of the atheroma plaque. Data of transport properties of sirolimus drug
is employed. Higher advection velocity and overall lower drug concentration in the arterial wall are observed for higher
permeability in the atheroma plaque. On the contrary, lower advection velocity and higher drug concentration are present
for lower permeability in the atheroma plaque. As a result, when the atheroma plaque has lower permeability, as in the
case of hard atheromas, there is a greater availability of the drug in the arterial wall for an extended period of time.

The distribution of the eluted-drug in the arterial wall is highly dependent on the permeability value in the atheroma
plaque. Thus, the precise characterization of the atheroma plaque is necessary for the desired response of the implanted
drug-eluted stent.
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