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Abstract:

In the current era of the availability of computational fluid dynamics tools and high-performance
computers, it is possible to simulate complex physical phenomena within the human body. One
of the most studied areas of this field is drug delivery. Drug path control is one of the processes
that can greatly help many diseases. Using the new drug delivery system, also called “controlled
release drug delivery system”, three domains of speed, time, and place of drug release can be
controlled, resulting in minimizing unwanted side effects on other vital tissues, which leads to
lower drug doses. This study aims to investigate the transfer of Fe304 nanoparticles in the
presence of a magnetic field in a three-dimensional model of the Angulated Neck of Abdominal
Aortic Aneurysm (AAA) extracted from the literature. The ideal aortic model includes the
proximal angular neck, the aneurysm sac, and the iliac arteries. Uniform nanoparticles in a
specific position relative to the angled neck of the aorta are modeled with the k - w turbulence
model. The Euler- Lagrangian (E-L) approach and the magnetic hydrodynamic model (MHD) in
the ANSY'S solution are targeted to investigate TD nanoparticles. These nanoparticles are tracked
at two different magnetic field positions located near the abdominal aorta and examined by

applying different magnetic numbers.
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1. Introduction

Intravenous blood flow, intercellular fluid behavior, fluid
behavior within various vital organs, etc., are examples of
countless instances of fluid movement within living tissues.
The analysis of blood flow in the arteries is one area of
communication between medical science and mechanics. In
fluid mechanics, blood is considered to be a non-Newtonian
material, and its viscosity changes with the applied strain
rate. However, it is sometimes considered according to the
conditions of the problem, the desired organ, and the ease
of the Newtonian solution process. According to Guyton
and Hall's Textbook, the physical behavior of blood in
various organs of the body is different [1-4]. One of the
newest techniques in modern drug delivery, which has
received much attention in recent years, both from the
medical and mechanical engineering communities, due to
the considerably reduced negative effects of drugs on
healthy tissues, is the transfer of drugs using magnetic
nanoparticles. Due to controlling and slowing the release of
the drug, protection of the drug molecule, the smaller
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particle size of the cell, the ability to cross biological
barriers to deliver the drug to the target site, increased drug
retention time, targeted drug delivery, and biocompatibility.
These structures can be considered a very effective drug
delivery system, which increases the therapeutic efficacy of
the drug [5-7]. Iron oxide superparamagnetic nanoparticles
are another important and widely used class of inorganic
materials used in drug delivery. They can be prepared using
chemical methods such as co-precipitation or biological
methods using bacteria that have superparamagnetic
properties, allowing these compounds to be used in targeted
drug delivery using a magnetic field [8, 9]. Drug delivery
using nanocarriers due to pharmacokinetic changes of the
drug, increasing the presence of the drug in the bloodstream,
reducing toxicity, increasing the half-life of the drug,
reducing the systematic drug distribution, reducing drug
use, and more accurate targeting is considered as one of the
promising solutions in the treatment of cancer and incurable
diseases. Based on the abovementioned reasons, the
efficiency of magnetic nanoparticles in this field will be
more significant [10, 11]. One of the best advantages of

© 2024 by the authors. Licensee CSTE, Babolsar, Mazandaran. This article is an open access article distributed under the terms and
conditions of the Creative Commons Attribution (CC-BY) license (https://creativecommons.org/licenses/by/4.0/deed.en)


https://cste.journals.umz.ac.ir/
https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/
https://foreign.umz.ac.ir/
https://cste.journals.umz.ac.ir/

Shahri et al./Contrib. Sci. & Tech Eng, 2024, 1(2)

these particles is the ability to control their movement by
applying an external magnetic field to the particles [12, 13].
Regarding the valuable assistance of mechanical
engineering in the field of CFD simulations of targeted
transfer of nanoparticles with the presence of a magnetic
field, we have seen the facilitation of the upward trend in
this field. The main subject of this paper is the study of drug
transfer by magnetic nanoparticles by Fe;0, nanoparticles
in the presence of an external field, in which much research
has been done. For example, the research conducted by
Hoshiar et al, 2017 [14] considered the accumulation of
nanoparticles, and despite the potential and promising
results of nanoparticles, this accumulation prevents the
precise conduction of particles in the arteries. Lim et al.,
2019 [15] examined Fe;0, nanoparticles in an in vivo
experiment. The magnetic field was used on mice, and the
nanomagnetic particles were placed in the myocardium and
the absorption of these particles, in this case, was higher
than in the experiment without the magnetic field. Salem
and Tuchin, 2020 [16] considered the blood biomagnetic
fluid to be incompressible and magnetic, simulated it in a
rectangular tube, and applied the field by a permanent
magnet outside the tube. The results of this study can be
used in many biomedical applications, such as the use of
magnetic nanoparticles in drug delivery and targeting. To
evaluate drug delivery, distribution, and drug persistence,
Jafarzadeh et al, 2020 [17] simulated an abdominal aortic
aneurysm. The blood fluid enters as a non-Newtonian input
fluid that depends on hematocrit and pressure, and magnetic
particles carrying iron oxide are injected into the arteries
during a cardiac cycle. The results were evaluated in
different hematocrits, and it was observed that hematocrit
significantly affects drug duration or retention time.
Sodagar et al, 2020 [18] simulated the method of magnetic
drug delivery using a magnetic field based on the effect of
parameters such as non-Newtonian viscosity, oscillating
input, motion, and the presence of atherosclerosis. Their
study examined a 90-degree bend in three phases, including
no atherosclerosis, moderate atherosclerosis (45%), and
severe atherosclerosis (75%), in both fixed and mobile
arteries due to expansion and contraction of the heart. The
results in these phases of atherosclerosis showed that the
presence of atherosclerosis increases the percentage of
particle uptake. The effect of mixing and dispersing a fluid
drug using computational fluid dynamics (CFD) in a
coronary artery model was analyzed by Sarker et al, 2020
[5]. The parameters of this study are used to build custom
prototypes for in vivo experiments. Zhang et al, 2020 [6]
examined the method of drug-carrying nanoparticles for a
specific atherosclerotic patient in the presence of an external
magnetic field using the Eulerian-Lagrangian. In this paper,
plaques and vascular walls are introduced as a porous
medium reported by the Darcy-Forcheimer model in
targeted drug delivery. The results show that the particle
transfer efficiency depends on atherosclerosis and the
characteristics of the external magnetic field, such as
position and intensity. According to the studies, it is clear
that targeted drug delivery with metal nanoparticles using
magnetic current is an ideal and desirable technique that can
be used in certain diseases.
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This study aims to provide an external magnetic field for
the development of future therapies and to provide an
understanding of the transfer and deposition of
nanomagnetic particles in the target area. In this paper,
modeling and simulation of uniform nanoparticle transport
and deposition in the specific position of the Angulated
Neck of Abdominal Aortic Aneurysm (AAA) is performed
by the chaotic simulation method of the low Reynolds
number k - © model. The Euler-Lagrangian (E-L) approach
and the magnetic hydrodynamic model (MHD) in ANSYS
fluid solution are targeted to investigate the transfer and
deposition of nanoparticles. The aerosol drug particles are
directed to the target position under external magnetic force
and applied to two different angulated neck of abdominal
aortic aneurysm (AAA). Aneurysm is an abnormal local
enlargement of a part of a blood vessel. This morphological
abnormality occurs when the aortic wall becomes
vulnerable and weak. In general, due to the importance of
the disease and the fact that no research has been done in
this field, a numerical particle tracking model has been
developed to predict the targeting behavior of magnetic
drugs in the Angulated Neck of Abdominal Aortic
Aneurysm. Numerical results indicate that the intensity of
the magnetic field applied to the deposition efficiency of
nanoparticles in two different magnetic field positions, as
well as the effect of the field on the retention time of drug-
carrying particles, are different, which can be useful for
targeted drug delivery to a specific area of the abdominal
aorta after extensive clinical trials. This procedure will also
be cost-effective and minimize unwanted side effects due to
the systematic distribution of the drug in the aneurysm area.

2. Model Description
2.1. Geometry and Boundary Conditions

In this study, a three-dimensional model of the angular
neck of the abdominal aorta extracted from the literature
was used, and the ideal aortic model includes the proximal
or primary angular necks, the aneurysm sac, and the iliac
arteries. Also, in this study, to provide an external magnetic
field for the development of future therapies, an
understanding of nanomagnetic particles in the region of
interest is presented. Uniform nanoparticles are modeled in
a specific position from the angled neck of the aorta using
k — w turbulence model. The Euler-Lagrangian (E-L)
approach and the magnetic hydrodynamic model (MHD) in
the ANSY'S solution are considered for the investigation of
TD nanoparticles. These nanoparticles were detected at two
different magnetic field positions near the abdominal aorta.

The geometry used in this study is modeled using Catia
software. The construction of this geometry is similar to the
shape of the angulated neck of AAA, shown in Error!
Reference source not found.. The largest part of the aortic
vein is located in the abdominal area of the body (from the
diaphragm to the waist (abdominal cavity)). As part of the
aorta, the abdominal aorta is essentially a large continuation
of the descending aorta located in the thoracic region. The
geometry with 20 mm inlet, 55 mm aneurysm sac, and 11
mm and 10 mm for outlet iliac vessels, as well as the
selected lengths and six plates with black lines (A-F), are
shown in Error! Reference source not found.. A and B are
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in the upper part of the neck, C is in the middle sac, and D
to F are in the iliac branch. A proximal neck angle of 80 °
was chosen, indicating a severe angle of the abdominal
aortic neck. This is based on the work reported by Hobo et
al. [19], which states a proximal neck angle greater than 60
° is considered dangerous for endovascular repair.

0,100 (m)

0,025 0075

Figure 1. Three-dimensional model of the An Angulated Neck
of an ideal AAA

The fluid entering the blood has a density of 1,060 kg/m?,
non-Newtonian and magnetic nanoparticles, and is iron
oxide (Fe30,). The characteristics of Fe;0, nanoparticles
are shown in Error! Reference source not found. [20].
Fixed wall conditions were considered, and for boundary
conditions, wall conditions were considered as trap and
conducting for the target position. The output condition was
considered as a pressure output and omega values, and for
the input condition, a uniform mass flow was applied. For
pulsed simulation, a user-defined code (UDF) was applied
to the time-dependent speed at the input boundary. The
waveform obtained from Algebra et al. [21] is used for an
abdominal aortic region. The arterial wall, in both cases,
acts as a rigid and non-slip condition.

Table 1. Characteristics of magnetic nanoparticles Fe;0,

Variable Value
Nanoparticle density 5100 kg/m?
Nanoparticle magnetic sensitivity 2.1

2.2. Mathematica Equation

The three-dimensional finite volume method was
employed to solve the Navier-Stokes continuity and
momentum equations [22] for incompressible and

Newtonian fluids. The governing equations for the
continuity and motion are as follows:

aui _

7 =0 )
oy ow_ _ 1o, dui | Oy

at + a] ax; - prox; axl [(Uf + Ut) ( axi)] (2)

In this problem, the turbulent model k — w, which is a two-
equation model, was used. Two-equation models can be
considered as the basis of many studies in the field of
turbulence flows. The k — w model, while simple, adapts
well to experimental results, leading to its use in most
simulations in the field of mechanical engineering [22, 23].
This model is calculated for numerical simulations with a
maximum Reynolds number of 5% 1073, The k —w
governing equations are written as follows [22]:
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For the pseudo vorticity equation, we have:
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Thus, according to the above equations, the turbulence
viscosity vy is as follows [24]:

vr = Cufy X ©)

(uw)

3;)2]:1?1 = PK 7

The other values of the coefficients used in the above
equation are as follows [22]:

Rg = 8,R, = 2.95,Rx = 6,00 =,

Bo = 0.0708, ", = 0.09,a”y = 1,04y = ax = 0.5

In this analysis, the deposition efficiency (DE) is the ratio
of trapped particles to the total injected particles, which is

determined by calculating the percentage of trapped
particles as follows [25]:

Deposited particle number in the specific position
DE = Deposttedp T in the specificp x 100 &)
Total number of injected particle

Particle tracking methods are usually based on the
Eulerian-Lagrangian method. Fluid flow in these methods
is dissolved on a fixed lattice, and particles that are smaller
than the lattice size are followed by Lagrangian. These
methods are commonly referred to as discrete particle
models or other discrete component models. In these
methods, the interaction of particle-fluid, particle-wall,
particle-particle, and fluid-particle can be considered.

In this model, the Lagrangian particle tracking scheme and
the solution based on finite volume ANSYS-Fluent with
Euler-Lagrangian (E-L) [26] approach and magneto-
hydrodynamic model (MHD) have been used to investigate
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TD particles of abdominal aortic aneurysm. Euler-Euler and
Euler-Lagrange (E-L) approaches are commonly used to
simulate nanoparticles. The E-L method solves the particle
path equation, while the E-E method is used to solve the
convective diffusion equations. The E-L method tracks the
path of individual particles by considering inertia,
electrostatic effects, penetration rate, and wall proximity.
The present study uses the E-L method because
nanoparticles are less than 100 nm [27]. In the Eulerian-
Lagrangian method, the force balance equation for single
particles is given as follows:

F=Fp+Fy=m, <" )

where U, is the velocity of the particles and F is the force.
Fp and F are drag and magnetic forces, respectively.
Brownian motion is intended to simulate nanoparticles. A
suitable particle motion equation for calculating single
particles has been solved.
du%,
dat

-pg

p
= FD(ufq_u?)+FBrownian+FLift+ £ i (10)
For a spherical particle, the Stokes-Cunningham tensile

force is expressed as follows:

—
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Py = (1
21 -11dp
C.=1+ d—(1.257 +0.4e za) (12)
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where C, is the Cunningham correction coefficient. Specific
correction coefficient values are used for particles of
different diameters. Here p,, and d,, are the particle density
and particle diameter, respectively, and A is the mean free
path of the gas molecules. The Brownian force amplitude is
also defined as follows:
Y
Fgrownian = § A_to (13)
where ¢ stands for the unit of variance of the independent

Gaussian random number, At is the particle step time
integration, and s is the spectral intensity.

The magnetic force of the present study, FM, is calculated
as follows:

F_M) = %MOXVPV (ﬁ)

(14)

In the above equation, p, represents the magnetic
permeability, x is the magnetic sensitivity of the particle, Vp
is the volume of the particle and H is the magnetic field
strength. Particle magnetic sensitivity is defined as follows
[22]:

x = —0.14d,.10° 4+ 0.9 (15)
where d,, is the particle diameter. The magnetic number Mn
(in Tesla) is defined as follows [22]:

My, = poH, (16)

22

H, is the strength of the characteristic magnetic field. The
magnetic number depends on the strength of the magnetic
field. In this analysis, a comparison of TD nanoparticle
particles in two different target positions for magnetic
numbers 0.2, 1.6, and 2.8 and particle diameters of 1, 50,
100, and 500 nm has been performed to obtain the desired
result.

2.3. Mesh Independency Analysis

Error! Reference source not found. shows an example of
a configuration of the computational domain used in the
study. To obtain the minimum size of a cell, the grid
independence study is considered. The maximum pressure
obtained from the five mesh simulations is presented in
Figure 3. The diagram shows that with increasing the
elements up to 500000, the maximum pressure element
decreases, and then with increasing the elements, the
maximum pressure increases and converges after 1.5 X
10%6. A similar velocity trend was observed for case 4 (972,
832 elements) and case 5 (1, 029, 702 elements). Therefore,
in this computational study, a case with 972,832 elements
were used.

Figure 2. A view of the meshing of the present problem
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Figure 3. Maximum pressure grid convergence

2.4. Validation

A comprehensive validation has been performed for the
present numerical study. A comparison of the simulation
results of magnetic nanoparticle transfer in the presence of
the field with the results of Algabri et al [21] was performed.
According to Error! Reference source not found.-a, the
results verified the accuracy of the UDF employed in this
study. Also, the results of the simulation of magnetic
nanoparticle transfer without the presence of a magnetic
field in a two-dimensional plug vessel with Reynolds
number 100 for the WSS vessel wall shear stress diagram
were evaluated versus the results obtained by Bose et al.
[28]. As can be seen in Error! Reference source not
found.-b, a negative value in WSS means that the zone with
low WSS and flow becomes separated. The present
numerical results indicate a well-matched trend throughout
the length of the blood vessel.
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23
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Savan Bose (2015)

Present study
20

15

10

Wall shear stress

Figure 4. a) Comparison of input parabolic velocity of
Algabri et al. [21] and the present study, b) Comparison of
input wall shear stress of Bose et al. [28] and the present

3. Results and Discussion

The conical neck model of the present abdominal aortic
aneurysm is designed to calculate the effect of magnetic
number or the same magnetic intensity in the first and
second position of the field, with three different magnetic
M, of 0.2, 1.6, and 2.8. Error! Reference source not
found. and Error! Reference source not found. show the
effect of changing the field number on particle deposition at
positions 1 and 2. As can be seen, increasing the magnetic
number increases deposition in the target area. Also, in field
number 2.8, in the target regions 1 and 2 more particles have
accumulated than other magnetic numbers. In Figure 5, at a
lower magnetic number, the particles pass through the target
point and enter the right iliac artery, but as the magnetic
number increases, the magnetic particles carrying the drug
accumulate in the target area and do not pass through that
area and enter the right iliac artery. According to the results,
particle deposition in the target area of the right iliac artery
is much more than in the left iliac artery. It is demonstrated
that a larger magnetic number can play an important role in
the target area of the abdominal aorta. It is also estimated
that the deposition efficiency (DE) of MNPs increases with
increasing magnetic numbers. Comparing the three
magnetic numbers applied, it can be stated that in the lower
magnetic number, the particles follow the behavior of blood
flow, and most of them pass through the area. Also, at higher
magnitudes due to the strong magnetic force, which pulls
most of the particles closer to the target area, the size of the
CE, or the particles trapped in the target area, depends
entirely on the strength of the magnetic field, since
increasing the amount of external magnetic field will
increase the magnetic force on the particle. Nevertheless, it
should be noted that the increase in the magnetic field is
severely limited. As the results of recent biomagnetic flow
studies have shown, increasing the magnetic field changes
the behavior of blood flow and the formation of the
recirculation zone. Moreover, at magnetic number 0.2, the
retention time of particles is much less than at magnetic
number 2.8 in the target area. Besides, at low magnetic
numbers, the particles pass through the target area and enter
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the iliac artery. Therefore, regardless of the permissible
magnetic field limit for the body, by applying higher
magnetic field gradients, better effects on retention time will
be observed while avoiding the risk of clogging or blockage
of the vessel.

In Error! Reference source not found., particle
deposition was investigated for the magnetic number M,, =
2 at positions 1 and 2 for 0.82 seconds. As observed, 0.82
seconds with a magnetic number equal to the magnetic
particles showed the same behavior for the two target areas.
Error! Reference source not found. illustrates particle
tracking using turbulent kinetic energy (TKE) for M,, = 2.
Turbulent kinetic energy is calculated for a particle with a

diameter of 1 nm and 100 nm. Turbulent kinetic energy for
a particle with a maximum diameter of 1 nm is found in the
target region, and turbulent kinetic energy for a particle with
a maximum diameter of 100 nm is found in the aneurysm
wall of the target area. It is also interesting to note that the
effect of the external field on particles with a smaller
diameter is less, and with increasing particle diameter and
also due to the volumetric force, this effect increases. The
purpose of this contour is to investigate the turbulence for
diameters of 1 and 100 nm equal to the magnet number. As
a result, nanoparticles with larger diameters and higher
forces have more TKE than nanoparticles with smaller
diameters.

(b)

Figure 5. Effect of magnetic number on the particle transfer scheme for position 1 a) M,, =0.2,b)M,, =1.6,c) M, = 2.8

}7 Position 2
A Magnetic number (Mn=0.2)

\‘;

Position 2
Magnetic number (Mn=1.6)|

}— Position 2
Magnetic number (Mn=2.8)|

@

(b)

©

Figure 6. Effect of magnetic number on the particle transfer scheme for position2 a) M,, = 0.2,b)M,, =1.6,c) M,, = 2.8

In Error! Reference source not found., particle
deposition was investigated for the magnetic number M,, =
2 at positions 1 and 2 for 0.82 seconds. As observed, 0.82
seconds with a magnetic number equal to the magnetic
particles showed the same behavior for the two target areas.
Error! Reference source not found. illustrates particle
tracking using turbulent kinetic energy (TKE) for M,, = 2.
Turbulent kinetic energy is calculated for a particle with a
diameter of 1 nm and 100 nm. Turbulent kinetic energy for
a particle with a maximum diameter of 1 nm is found in the

24

target region, and turbulent kinetic energy for a particle with
a maximum diameter of 100 nm is found in the aneurysm
wall of the target area. It is also interesting to note that the
effect of the external field on particles with a smaller
diameter is less, and with increasing particle diameter and
also due to the volumetric force, this effect increases. The
purpose of this contour is to investigate the turbulence for
diameters of 1 and 100 nm equal to the magnet number. As
a result, nanoparticles with larger diameters and higher
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forces have more TKE than nanoparticles with smaller
diameters.

Figure 9 illustrates the tracking of particles with turbulent
kinetic energy (TKE), this time at a diameter of 60 nm and
a time of 0.82 seconds but with different fields of 0.2, 1.6,
and 2.8. As can be seen, the higher the magnetic number, the
greater the amount of turbulent kinetic energy since
increasing the magnetic number will increase the retention
time of the particles and accelerate them. Therefore, in
magnetic number 2.8, this perturbation is due to the increase
of the gradient of the field and, consequently, the decrease
of the diffusion effect relative to the volumetric force caused
by the magnetic field. As a result, the accumulation of

particles in the target region is higher than in the lower
magnetic numbers.

Table 2 shows a general comparison of particle transport
and deposition (TD) at two different target positions in 0.3
seconds for magnetic numbers 0.2, 1.6, and 2.8 and
nanoparticles with diameters of 1, 15, 60, 100, and 600nm.
According to Figure 4, the velocity peaks in 0.3 seconds,
according to the deposition efficiency formula, and
according to the table below, in 0.3 seconds, a larger
magnetic number can play an important role in the particle
deposition concentration in the target area of the abdominal
aortic aneurysm.

Time=0.82s
Position 1
Magnetic number (Mn=2.0)

Time=0.82 s
Position 2
Magnetic number (Mn=2.0)

Figure 7. Particle deposition in the similar field and time (in second) in positions 1 and 2

Dimmeter 1 am
Times= 082 s
Mn=2.0

3
e

Diameter 100 n
Time=0.82 s
2.0

Figure 8. Particles Tracking with turbulent kinetic energy for magnetic number M,, = 2 and time =0.82 s, diameters 1 nm and
100nm

25
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Diameter 60 nm
Time=0.82 s
Mn= 1.60

4
\
Magnetic source

Magnetic source

Diameter 60 nm
Time=0.82 s
Mn= 2.80

Magnetic source

0.00 0,05 0.10 0.15 0.20

N

0.00 0,40 0.80 1.20 1.60

0.56 1.20 1.68 2.24 2.80

Figure 9. Particles tracking with turbulent kinetic energy for particles with a diameter of 60 nm, time 0.82 s and magnetic
numbers 0.2,1.6,2.8

Table 2. Comparison of TD in two different positions for magnetic numbers 0.2, 1.6, 2.8 in 0.3 seconds and particle diameters of 1,
15, 60, 100, and 600 nm

Time =0.3 s M,=2.8 M,=16 M, =02
Diameter Position 1  Position 2 Position 1  Position 2 Position1 Position 2
1 nm 93.335% 48.333% 55.952% 26.555% 23.505% 18.885%
15 nm 88.425% 18.311% 64.521% 11.325% 26.312% 16.755%
60 nm 90.442% 31.200% 52.852% 12.425% 68.335% 19.415%
100 nm 96.244% 19.521% 67.424% 14.622% 39.742% 14.625%
600 nm 91.232% 21.537% 93.411% 21.227% 80.237% 21.007%
4. Conclusion In this regard, a comprehensive validation has been
L . erformed, and the results are as follows:
Considering that the drug transfer with Fe;0, p ’

nanoparticles in aneurysm disease in the abdominal aorta
and two left and right iliac vessels has not been studied and
simulated in detail, in this study, it was comprehensively
studied and simulated in Ansys-Fluent software. The
present numerical results were validated with the analytical
and numerical results of previous researchers and showed a
good agreement. Computational fluid dynamics simulations
for the severely ideal proximal neck of the 3D model AAA
were performed based on the patient's hemodynamic
parameters obtained from the experimental study. The main
purpose of this study was to evaluate the effect of different
magnetic numbers on the uptake of drug-carrying
nanoparticles with different diameters in the proximal
cervical vessels, aneurysm sac, and iliac arteries for
abdominal aortic aneurysm. CFD tools were used to
simulate and achieve this goal of the study. Changes in the
magnetic number and diameter of nanoparticles through
aneurysms and bifurcated arteries will be useful for
understanding the intervention of cardiovascular disease.

An Angulated Neck of an Abdominal Aortic Aneurysm
shows the deposition of magnetic nanoparticles (MNPs) in
the target area of the human abdominal aneurysm. The
existing numerical model also shows NPs in the range of
1<nm <600 and magnetic numbers of 0.2, 1.6, and 2.8.

26

o The effect of non-obvious forces such as weight and the
effect of particle scattering due to magnetic field is
expressed and recommended. In order to increase the
retention time of particles in the vicinity of the damaged
tissue, only high gradient fields should be used, and low
gradient fields should be avoided because in low
gradient fields, due to the relatively strong diffusion
effect relative to the external force due to the field, the
process of using magnetic nanoparticles may have an
adverse effect on the outcome of drug therapy.

The effects of particle diameter distribution in target
positions 1 and 2 for 1, 15, 60, and 600 nm particles were
investigated. Most particles deposit in the target position
and on the side of the artery where the field is located
(target area). In 0.3 seconds, the maximum number of
depositions in the target position 1 is for 1, 15, 60, 100,
and 600 nm diameters.

The deposition scenario in the target position was
investigated for three different magnetic numbers, i.e.,
0.2, 1.6, and 2.8. The result shows that the total
deposition concentration is higher in both magnetic field
positions for a large magnetic number in 0.3 seconds.

e Nanoparticle deposition was investigated for two
different magnetic source positions, namely position 1
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and position 2. Most of the particles deposited on the
wall are position 1 and position 2 (one of the iliac arteries
depending on the position of the field), and the targeted
magnetic particles are absorbed to the specific area of
the aneurysm, which allows direct treatment of those
specific cells. This system reduces damage to healthy
cells in the body.

The results of the present study may be used to improve
our understanding of the real drug delivery system in a
targeted position of the proximal neck of the abdominal
aortic aneurysm.
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