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Abstract

This study explores the role of electrode-induced temperature variations in
plaque and blood flow dynamics within atherosclerotic radial arteries using
computer simulations based on finite element analysis (FEA). The radial ar-
tery represents a valuable avenue for in vivo assessment of systemic athero-
sclerosis, providing diagnostic and predictive insights into coronary artery
disease (CAD). In this model, a typical human arterial pressure is applied in
the outlet, resulting in changes to blood velocity, pressure, and heat distribu-
tion. Initial inlet velocities and outlet pressures are applied using a time-de-
pendent sinusoidal function that mimics pulsatile blood flow. The model in-
tegrates three key equations: the Navier-Stokes equations to describe blood
velocity and pressure distribution, electric current equations to simulate heat
generation, and the heat equation to evaluate temperature changes in the ar-
terial wall. The simulation results were validated by comparing the velocity
values with previously published data on radial and ulnar artery flow. For tem-
perature validation, the simulated thermal distribution at the plaque region
was found to be consistent with the reported ranges in the studies by Shiging
Zhao et al. The numerical results of this simulation revealed significant tem-
perature localization near the plaque adjacent to the electrode. Due to the pres-
ence of the plaque and surrounding tissue, increase in temperature in elec-
trode affects the blood flow, resulting in a decrease in blood velocity. The lo-
calized temperature behavior shows a rapid rise, followed by a peak, and then
gradual stabilization. Blood velocity follows a pattern consistent with normal
radial pulse propagation but decreases before the plaque and increases after-
ward. These findings contribute to a deeper understanding of the hemody-
namic and thermal behavior in atherosclerotic arteries. The study also sug-
gests potential future applications, such as employing Al-controlled micro de-
vices to apply localized heat in semisolid plaque conditions for therapeutic
purposes.
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1. Introduction

Atherosclerosis, a progressive vascular disease involving the accumulation of li-
pids, fibrous elements, and inflammatory cells within arterial walls, remains a lead-
ing cause of cardiovascular morbidity and mortality worldwide. This challenge is
particularly pronounced in low- and middle-income countries such as Bangladesh,
where limited access to early diagnostics contributes to high rates of coronary ar-
tery disease (CAD) [1]. Among peripheral arteries, the radial artery has gained
prominence in both diagnostic and therapeutic contexts due to its superficial lo-
cation and relatively consistent anatomy. Studies have shown that structural
changes in the radial artery, such as intima-media thickening and calcification,
are indicative of systemic atherosclerosis and predictive of adverse cardiovascular
outcomes [2] [3].

Over the past two decades, computational modeling has become a crucial tool
in cardiovascular research for analyzing complex interactions between fluid flow,
arterial wall mechanics, and pathological conditions such as plaque buildup. Var-
ious modeling strategies have been employed to investigate atherosclerotic hemo-
dynamics, including computational fluid dynamics (CFD), fluid-structure inter-
action (FSI) models, peristaltic flow analysis, finite volume methods (FVM), and
finite element methods (FEM). For instance, Taylor et al [4] established early
frameworks for FEM-based simulation of arterial flow, while Gijsen et al [5] ap-
plied 3D imaging-guided simulations to assess plaque-induced changes in wall
shear stress. Alagbe et al [6] modeled how velocity profiles contribute to plaque
growth in carotid arteries, and Hariri ef al [7] employed FSI methods to simulate
pulsatile flow in stenosed vessels.

Thermal effects in vascular systems are another important area of study, partic-
ularly when associated with electrode-based interventions such as ablation and
impedance mapping. The seminal work of Tungjitkusolmun et a/. [8] introduced
a FEM model for radiofrequency (RF) tumor ablation using electrode-induced
Joule heating. Although initially developed for hepatic applications, this approach
offers a valuable foundation for modeling localized heating in vascular systems, as
heat alters blood viscosity, pressure gradients, and wall shear stress. Recent ad-
vancements have extended this thermal modeling to atherosclerotic conditions.
Wang et al. [9] proposed a conformal heating strategy to target plaque regions,
demonstrating the potential of thermal methods in vascular therapy, where Shi-
qing Zhao et al. [10] studied a coupled thermal-electrical-structural model for bal-
loon-based thermoplasty treatment of atherosclerosis. Other studies have mod-
eled thermal effects under Joule and magnetohydrodynamic (MHD) conditions
using nanofluid-based blood representations [11] [12]. Asha and Sunitha [13] ex-
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amined peristaltic flow with Joule heating in a non-uniform channel, while Misra
and Sinha [14] analyzed thermal radiation and MHD effects in permeable capil-
laries. Such studies highlight the complex interplay between thermal gradients and
vascular hemodynamics, yet limited work has been done in modeling these effects
specifically within the radial artery under atherosclerotic conditions.

Therefore, the current study aims to fill this gap by investigating the effects of
electrode-induced localized heating on blood flow dynamics in an atherosclerotic
radial artery. Using a finite element method (FEM) framework, adapted from tumor
ablation models, we simulate how thermal gradients influence flow velocity, pressure
distribution, and the extent of thermally induced tissue damage. This approach inte-
grates bioheat transfer equations, electric current modeling, and vascular geometry,
providing a realistic and high-fidelity simulation environment. By advancing cur-
rent understanding of thermal-fluid interactions in diseased arteries, this work lays
the groundwork for Al-controlled microelectrode technologies capable of deliver-
ing precise, non-invasive thermal therapy for plaque regression. It also contributes
to the broader field of patient-specific vascular modeling by combining mechanical

and thermal insights within a single simulation framework.

2. Methods
2.1. Simulated Geometry

Figure 1(a) presents the cross-sectional view of an atherosclerotic radial artery,
highlighting the anatomical features of the affected region. Figure 1(b) displays
the simulated geometry, which was designed based on morphological data from
Kim et al. [15] to replicate the artery’s structural and functional characteristics.
Here arterial diameter is 2.7 mm. The computational domain is divided into four
key regions: the blood, representing the flowing medium; the arterial wall, serving
as the structural boundary; the electrode, used to generate localized heating for
analysis; and the plaque, which serves as the primary site for examining the effects

of atherosclerosis and thermal variations.

Axillary artery

Electrode
Atherosclerotic plaque

(a) (b)

Figure 1. (a) Radial artery atherosclerosis; (b) 3D geometrical model of simulation.
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2.2. Governing Equations

Continuity equation:

ou, ou, ou
4Ly

ox oy &z (v

The blood flow fluid dynamics were described using the Navier-Stokes equa-
tions and the equations for the conservation of mass. The fluid is assumed to be
incompressible and homogeneous, with a Newtonian behavior. The blood was as-
sumed to be Newtonian in this study, as its viscosity is almost constant in arteries;
therefore, non-Newtonian effects were neglected. This simplification is com-
monly used for arterial flow because the shear rates in medium and large arteries
are sufficiently high for blood to exhibit nearly constant viscosity. Although blood
is inherently non-Newtonian. However, we acknowledge this as a model limita-
tion and note that non-Newtonian effects may become more relevant in regions
of low shear or at smaller vessel scales.

The Navier-Stokes equations can be expressed as follows:

X- Momentum equations-

ou, ou, ou,  ou, op (0°u, o°u, d%u,
P +U, —+U, —>+U, =———u > t—t+t— |tF  (2)
ot OX oy oz OX OX oy oz

Y- Momentum equations-

ou ou ou ou o%u, o&%u, o
p[—y+u —L+u,—L+u —y]=—a—p+,u[ L+—L+—- |+F, (3)
X z

Z- Momentum equations-

au, ou, ou, au, op
P +U, —=+U, —=+U, =——+u
ot OX oy oz oz

2 2 2
8u;+au;+6uzz +F, (4
OX oy oz

where pis the blood density, u,, Uy, U, are the blood velocity along x, y; and z

axis, pis the blood pressure, x is the dynamic viscosity of the blood, F,, F,, F,
are body forces per unit volume. The fluid properties such as the density and the
dynamic viscosity were assumed to be constant.

Their values were, respectively p,,,,¢ =1060 kg / m® and g, =0.0045Pa-s

Electric Currents (ec)

0 oV 0 oV 0 oV op,
—|o—|+—|o— |+—|o—|= (5)
OX OX oy oy oz oz ot

where, ois the conductivity of the material, p, represents electric density.

Vis the electric potential which initial value 22 V is used here. The 22 V electric
potential was selected based on therapeutic voltage ranges commonly used as re-
ported by Tungjitkusolmun et a/. [8].

Heat transfer equations
or - aT aTj_k[ﬂ o1 T

T
C. —+pC. | U —+uU b —
Po o pp(* o oy o

v VEHJZE \J+Q+Qbio (6)
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where p is the blood density, T'is the temperature changes, & is the thermal con-
stant, C, denotes heat capacity of blood in constant pressure, Q total power dissi-
pation density (Joule heating term) and Q,,, is the metabolic heat source.

Heat capacity of blood in constant pressure C, = 4180 J/(kg*K).

The electric potential equation (Equation (5)) was discretized using the Ga-
lerkin finite element method. The electric field-induced Joule heating term
Q= GLVV Jz was computed and coupled as a source term into the thermal en-
ergy equation (Equation (6)), allowing simulation of localized temperature eleva-
tion due to electrode-induced currents.

Transform into Finite Element Equations: Let us consider N, and H, as
weight function or linear shape function, equation with the finite element method.
Two weight functions (N, for velocity components and temperature and H,
for pressure) are used due to the need for different interpolation orders to satisfy
the Ladyzhenskaya-Babuska-Brezzi (LBB) condition. The weighted-integral tech-

nique of the governing equations is applied for deriving finite element equations

as follows:
ou
[ Ao o) 7)
o 7ot ot ot
IN, aux+uX aux+uy aux+uZ ou, dQ
o 7| ot ox y Gt a ©
8
2 2 2
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For a scalar function U the Laplacian VU can be rewritten using the Gauss
theorem:
2
[ N,VZ2udQ=[ N,Vu-ndS—| VN, -VudQ (12)

Applying Gauss’s divergence theorem to the second order derivative terms of

the equations for generating the boundary integral terms associated with the sur-
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face tractions and heat flux. The equations become,

I N aux+UX%+u aux+uz ou, dQ+lJ' Hiﬁ—de
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Where the surface tractions ( 7,4, 7,,,7,, ), which represent the normal and tan-
gential stress components along the outflow boundary Sand the velocity compo-
nents and fluid temperature or heat flux (g, ) that flows into or out from the do-
main along wall boundary S, .

All nodes are connected with both velocities and temperature. The corner nodes
are also associated with pressure. This means that a lower order polynomial is
chosen for pressure and which is satisfied through the continuity equation.

The velocity component and the temperature distributions and the linear inter-
polation for the pressure distribution according to their higher derivative orders

in the differential equations as:

U (% y,2)=N,U;
uy (X, y,2) = N,V;
U, (X Y,2) = N,W;
p(x,y,z)=H,P,

T(xY,2)=N,T,

where §=1,2,3,4 is for velocity component and the temperature distributions;
A=1,2,3 is for pressure.

Now putting the element velocity component distributions, the temperature
distributions, and pressure distribution equations the finite element equations can

be written as follows:

K yUs +K V=0 (17)
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1 H
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The coefficients in the element matrices are in the form of the integral over the

element area and along the element edges Sand S, as:
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3. Initial and Boundary Conditions

The initial and boundary conditions used in this study were derived with reference
to previously published simulations by Selmi et al. [16] and Choudhury et al [17],
with slight modifications to better match radial artery geometry and flow condi-
tions. Specifically, inlet velocity and outlet pressure profiles were adjusted within
physiological limits to reflect radial artery behavior more accurately. In this sim-
ulation, the inlet velocity of blood flow is set to 0.2 m/s, while the outlet pressure
is maintained at 10,132 Pa multiplied by time-dependent function f (t) to
mimic pulsatile blood flow typical of the human cardiovascular system. Since the
normal arterial pulse rate typically ranges between 70 and 100 beats per minute,
an average pulse rate of 83 beats per minute is assumed. As a result, a time-de-
pendent piecewise function f (t) of two sub-domain to reflect pulsatile flow (1st
sub-domain is for systole and 2nd sub-domain is for diastole) is applied over a
period of 0.72 seconds [16].
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0.72xsin (2.785xt), 0<t<0.35
()= (22)

0.40xsin(2.22n(t-0.35)), 0.35<t<0.72

A non-slip boundary condition is imposed on the arterial walls, assuming im-
permeability, thus preventing fluid penetration as it traverses the vessel. The ini-

tial temperature and the arterial wall temperature were set to 37°C.

4. Numerical Methods
4.1. Materials

Table 1. Material properties of different parts of the model.

Property Blood  Artery Plaque Electrode
Electrical conductivity [S/m] 0.667 0.333 0.36 5.76e7
Thermal conductivity [W/(m*K)] 0.543 0.512 0.63 386.47
Density [kg/m?] 1060 960 1220 8935

Heat capacity at constant pressure [J/(kg*K)] 4180 3600 3900 383.9

Dynamic viscosity [Pa*s] 0.0045 - - -

The simulation (Table 1) was performed in COMSOL Multiphysics 6.0 using a
time-dependent solver. Time step: 0.01 s. Simulation duration: 0 - 10 s. Fully cou-
pled solver was used with direct linear system solver (PARDISO). Material prop-
erties are chosen from Selmi et al. [16], Chowdhuri et al [17], Changdar et al. [18],
and Wang et al. [9].

4.2. Meshing

In this study, the finite element method was employed to solve the set of equations
defining the problem. The geometric model has been discretized into tetrahedral
elements, with a central region representing blood, as illustrated in the accompa-
nying figure. The total count of elements in the mesh amounts to 204,189. The
artery and thickness are clearly depicted in Figure 2 and Figure 3 shows grid in-

dependency test for pressure.

Figure 2. Geometry mesh.
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Figure 3. Convergence of pressure for various elements size.

4.3. Validation

Direct validation data for the radial artery are very limited; therefore, an estab-
lished aortic model is used only to verify the general flow behavior. The governing
Navier-Stokes equations apply uniformly to both large and medium arteries, so
matching aortic flow trends confirms that the numerical method is physically con-
sistent.

Figure 4(a) and Figure 4(b) illustrate validation platforms between the results
of present study and previous study to ensure the accuracy of the reported simu-
lations when geometrical dimension was chosen from the former reports of Selmi
et al [16]. At 0.1 s maximum velocity found near the first branch of aorta and at
0.2s near the second branch. This shows the velocity profiles are nearly symmet-
rical. The validations revealed that the outcomes have a robust resemblance with
one another. A close graphical agreement between the two profiles confirms that
the current simulation accurately reproduces the established results, thereby vali-

dating the reliability of the present model.

t=0.1s t=0.2 s ,
Max: 0.235 Max: 0.318
5: , 0.3
0.2 : :
0.25
0.15 0.2
0.15
0.1
0.1
0.05
0.05
Min:0 0 Min:0 0

(a)
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t(3)=0.1s Slice: Velocity magnitude (m/s) t5)=0.2s Slice: Velocity magnitude (m/s)
m/s m/s
A 0291 A 0.328
; -
3. N
% ‘\/ - / 0.3
0.25
0.25
0.2
0.2
0:15
0.15
0.1 01
0.05 0.05
0 0
Yo Yo
(b)
Figure 4. (a) Velocity profile of aorta (Selmi et al [16]); (b) Velocity profile of aorta (Present sim-

ulation).

5. Results and Discussion
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Figure 5. (a) Point-wise temperature evolution at (=15, 0, —1); (b) Line profile of temper-
ature along artery length from (-35, 0, —1) to (15, 0, —-1).

Figure 5, point graph (a) illustrates that at £= 0, the initial temperature of 37°C
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rises over time. At the 10-second mark, the highest temperature, reaching 46°C,
is observed at the point (-15, 0, —1). Figure 4, line graph (b) is depicted here to
visualize temperature fluctuations within the plaque area. The graph spans from
a point (=35, 0, —1) preceding the plaque to a point (15, 0, —1) following it. The
temperature in the region prior to the plaque gradually increases, converging with
the electrode area, and subsequently declines towards the area beyond the
plaque.

Figure 6 shows the 3D graph on temperature changes around the area of plaque
inserted electrode. The highest temperature found 46°C within 10 s near the elec-
trode. Isothermal area where plaque material is heated with electrode is shown in
Figure 7 which is necessary to observe the changing condition of primary deposit
in plaque area before calcification in the radial artery. The combined analysis of
Figure 5 and Figure 6 demonstrates that temperature becomes highly localized
within the plaque region due to the combined effects of the plaque composition
and surrounding arterial tissues. This localized heating alters the thermal gradient
near the stenosis site, influencing blood viscosity and leading to a corresponding

reduction in flow velocity.

degC

v 37
Figure 6. 3D graph on temperature changes.

degC

454
445
435
426
417
408
39.9
39

38.1
37.2

v 37

Figure 7. Isothermal area around the electrode.
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Figure 8 illustrates the effect of heat on blood flow. A noticeable decrease in
velocity is observed with the application of heat, where the peak velocity reduces
from 32.94 cm/s to 31.86 cm/s. This reduction can be attributed to the thermal
influence on blood properties, as heat causes a slight decrease in blood density and
an alteration in viscosity, leading to diminished flow velocity within the arterial

lumen.

Velocity profile {cm/s)

Without heat

32.94

- With heat

0
0.00 2.30
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Figure 8. Velocity profile in atherosclerotic radial artery (without heat) and (with heat) at
the point (-30, 1, 0.5).

Table 2 depicts the comparison between the present result of velocity in ather-
osclerotic radial artery with heat and previous published work Amin et al [19].

This clearly shows that due to application of heat velocity decrease.

Table 2. Comparison of present data with previous published data in atherosclerotic radial

artery.
Atherosclerotic Radial ~ Atherosclerotic
Topics artery without heat ~ Radial artery with
[19] heat (present data)
Vmax(cm/s) before Plaque at £=0.15 s 21.59 21.24
Vinax(cm/s) after Plaque area at £=0.0.15 s 22.65 21.59
Peak Velocity at the area of Plaque 34.94 31.86
Prax(Pa) before plaque area at £=0.15s 7279.75 7280.10
Prnax(Pa) after Plaque area at £=0.15s 7187.30 7187.73
Peak Pressure at the area of Plaque 7467.33 7213.25

Figure 9 illustrates the effect of plaque formation on blood flow within the ath-
erosclerotic radial artery. The blue line represents the atherosclerotic artery, while

the red line corresponds to the normal artery. The peak velocity in the normal

DOI: 10.4236/ajcm.2025.154024 544 American Journal of Computational Mathematics


https://doi.org/10.4236/ajcm.2025.154024

M. N. Amin et al.

artery is observed to be 21.53 cm/s, whereas in the atherosclerotic artery it in-
creases to 32.94 cm/s. This comparison clearly indicates that the presence of
plaque causes a significant acceleration of blood flow within the stenosis region

due to the reduced lumen area and resulting flow constriction.

VELOCITY MAGNITUDE(CM/S)

With Plaque
Without Plaque

40

32.94

30

20
11.15

10
0. 8.80 6.91

0

0.%0 0.2 0.4 0.6 0.8 1

Figure 9. Velocity profile in normal radial artery (without plaque) and atherosclerotic
(with plaque) radial artery at the point (=30, 1, 0.5) with inlet velocity 20 cm/s.

Figure 10 illustrates blood velocity fluctuations along an artery over time (0 s
to 0.6 s). Notably, peak velocity of 34.94 cm/s occurred at 0.2 s, while the lowest is
7.6 cm/s at 0.4 s. Evidently, the velocity displayed a rising trend followed by a
decrease, succeeded by a minor increase within a narrower range, and concluding
with a subsequent decline. These dynamics mirror the artery’s response to cardiac
phases. The highest velocity is observed at the plaque area due to artery con-

striction caused by plaque, indicating the presence of atherosclerosis.

cm/s cm/s
A 203 A 386
o 35
2 ~ 30

0 o)
Vo Vo
t=02s
cm/s cm/s
A 7.9 A 229

ORrNWARUO N

<
o

<
o

t=04s t=0.6s

Figure 10. Velocity changes at different times.
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The 2D graph (Figure 11) presents velocity variations at a point (=30, 1, 0.5)
before and a point (1, 1, 0.5) after a plaque area. Notably, at 0.2 s, a prominent
peak of 21.2410 cm/s in Figure 11(a) and 21.5926 cm/s in Figure 11(b) is ob-
served. It shows the velocity slightly increase after plaque area. In the present
study, the arterial wall was modeled as rigid because fluid-structure interaction
(FSI) was not included. This simplification reduces computational cost but does
not fully represent the natural compliance of the arterial tissue. If wall elasticity
were considered, the lumen would deform slightly during pulsatile flow, which
generally leads to lower peak velocities, reduced wall shear stress (WSS), and
smoother pressure wave propagation. Therefore, the rigid-wall assumption may
cause overestimation of peak velocity and WSS, especially near the stenotic region.
Incorporating FSI in future studies would provide a more physiologically realistic

representation of arterial behavior.
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Figure 11. (a) 2D graph at a point (=30, 1, 0.5) before plaque area; (b) 2D graph at a point
(1, 1, 0.5) after plaque area.

The provided Figure 12(a) and Figure 12(b) illustrate velocity changes along a

specific arc length. Arc length is measured along the central axis of the curved
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artery from the inlet toward the outlet, crossing the plaque. While exhibiting a
somewhat intricate pattern, it is evident that the velocity gradually diminishes
from its peak at 34.9 cm/s, interspersed with multiple fluctuations. Along the x-
axis, velocity fluctuations indicate the presence of plaque effects, while along the
z-axis, velocity fluctuations reveal the highest velocity occurring at the midpoint

of the artery due to the non-slip condition of blood within the artery.
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Figure 12. (a) 2D graph of velocity changes along arc length shown in figure. (b) 2D graph

of velocity changes along cross section of artery shown in figure.

The pressure of blood flow with time is depicted in Figure 13. By examining
the function of time with inlet and outlet pressure, we observe a clear similarity in
the graphs. The maximum pressure of 7280.10 Pa in graph (a) and 7187.73 Pa in
graph (b) indicates the pressure difference. Graph (a) shows the pressure before
the plaque, while graph (b) shows the pressure after the plaque, confirming a pres-
sure drop across the stenosis. This reduction in pressure means the heart must

pump more forcefully to maintain adequate blood flow, increasing cardiac work-
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load in atherosclerotic conditions.
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Figure 13. (a) Point graph before plaque area. (b) Point graph after plaque area.

Table 3. Comparison of present data with previously published work for velocity.

Topics Present data  Amin efal, [19] Chowdhuri ef al [17]

V(cm/s) at t=0.25s 21.24 21.59 19.00

Our simulation (Table 3) yielded a peak velocity of 21.24 cm/s at £ = 0.25s5,
which closely aligns with the result reported by Amin et a/ [19], who obtained a
velocity of 21.585 cm/s in a comparable radial artery model without an embedded
electrode. This close match supports the accuracy of our velocity field and high-
lights the isolated influence of electrode-induced thermal effects on blood flow.

Furthermore, our results are consistent with those of Choudhari et al [17], who
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observed a velocity of 19.00 cm/s in the ulnar artery. Although anatomically dis-
tinct, the ulnar and radial arteries share similar diameters, wall structures, and
flow regimes, which justifies the use of the ulnar artery model as a comparative
reference. These anatomical and hemodynamic similarities strengthen the credi-
bility of our velocity validation.

For thermal validation, the simulated temperature distribution—showing peak
values between 42°C and 46°C near the plaque—was compared with the findings
of Shiqing Zhao et al [10]. The observed temperature range in our model falls
within the known therapeutic window, confirming that the localized heating is
realistic and within safe limits. This supports the reliability of the coupled electro-
thermal simulation. Experimental validation of the full thermo-fluid model, in-
cluding in vitro or Doppler-based assessments, is planned for future work. The
nuanced differences observed between our results and those from previous mod-
els underscore the effects of both atherosclerosis and electrode-induced heating
on arterial hemodynamics, offering new insights into disease-influenced blood
flow behavior. This study uses a single set of material properties for the plaque. In
reality, plaque composition can vary significantly—lipid-rich, fibrous, or calci-
fied—and these differences may alter thermal conductivity and heat transfer be-
havior. Such variations could influence the temperature distribution and hemo-
dynamic response observed in this study. Future work should investigate how dif-

ferent plaque compositions affect the thermal and flow characteristics.

6. Conclusion

This study applied finite element analysis to explore the temperature in influenc-
ing blood flow dynamics within an atherosclerotic radial artery. The simulation
results showed that externally applied heat caused a rapid initial rise in tempera-
ture near the plaque region, followed by a gradual stabilization. This thermal re-
sponse directly affected the hemodynamics: blood velocity increased slightly be-
fore the plaque, peaked within the plaque due to narrowing, and remained elevated
downstream. In contrast, pressure dropped where velocity increased, highlighting
the inverse relationship commonly seen in stenosed arteries. The findings demon-
strate that temperature is not merely a passive factor but an active driver of hemo-
dynamic changes in a diseased artery. By accurately capturing these thermo-fluid
interactions, the model offers a valuable tool for investigating heat-based therapeu-
tic strategies. Specifically, it supports the potential use of controlled temperature
application—possibly via Al-assisted micro devices—for localized treatment of
early-stage atherosclerosis. Future work will focus on validating the simulation
results through experimental and clinical data, and on extending the model to
include more complex physiological variables. Such efforts will be essential to

ensuring the safety and effectiveness of temperature-guided interventions.
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