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Abstract

Breast cancer is one of the most common types of cancer in females around the world, surgery is the preferred treatment for this
disease in early stages, however there are some emergent treatment options with less clinical and cosmetic repercussions, such as the
microwave ablation. In order to determine an appropriate design for applicators that could be used for the treatment of breast cancer,
an in-silico study of microwave ablation of breast cancer was conducted to show the difference between micro-coaxial applicators
constructed with two different types of coaxial cable (UT-47 and UT-85) utilizing the same design in three possible scenarios: breast
tissue, tumor tissue and tumor surrounded by breast tissue. The simulation was performed using COMSOL Multiphysics commercial
software, due to its capabilities to simulate the electromagnetic and thermals effects. A slot type applicator was selected because of
its ease of manufacture and the available literature on it. The results show a better coupling for the applicator constructed with the
UT-47 cable, especially in the phantom tumor surrounded by breast phantom test. Nevertheless, is necessary to validate these results
in ex-vivo breast cancer tissue.

Keywords: Microwave, ablation, SWR, applicator, computer simulation.

Resumen

El cancer de mama es uno de los tipos mas comunes de cancer en las mujeres alrededor del mundo, la cirugfa es el tratamiento mas
comdn para esta enfermedad en etapas tempranas, sin embargo ,existen algunos métodos emergentes como opciones para tratar
esta enfermedad con menores repercusiones clinicas y cosméticas, donde una de estas es la ablacion por microondas. Para determi-
nar un disefio apropiado del aplicador para emplear el tratamiento de cdncer de mama, se realizé un modelo in-silico de la ablacién
por microondas de cancer de mama, para mostrar las diferencias entre aplicadores microcoaxiales construidos con dos tipos de cable
coaxial (UT-47 y UT-85), utilizando el mismo disefio en tres posibles escenarios; tejido mamario, tejido tumoral, y tejido tumoral
rodeado por tejido mamario. La simulacién se realizé utilizando el software comercial COMSOL Multiphysics, debido a sus capaci-
dades de simular los efectos electromagnéticos y térmicos. Se seleccioné un aplicador de tipo ranura dada su facil manufactura y la
cantidad de literatura disponible sobre él. Los resultados muestran un mejor acoplamiento para el aplicador construido con el cable
UT-47, especialmente en la prueba realizada en phantom tumoral rodeado por phamtom mamario. Sin embargo, es necesario vali-
dar estos resultados en tejido ex vivo de cancer de mama.

Descriptores: Ablacién, microondas, SWR, aplicador, modelo computacional.
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INTRODUCTION

A tumor is a mass of transformed cells with abnormal
growth and multiplication (The Oxford English Dictio-
nary, 2010). Tumors can be cancerous (malignant) or
non-cancerous (benign) and occur when cells multiply
excessively in the body. Normally, cell division and
growth are tightly controlled. New cells are created to
replace old ones. Cells that are damaged or are no longer
needed, die to make way for healthy replacement cells. If
the balance of division and cell death is altered, a tumor
may form (U.S. National Library of Medicine, 2014).

Breast cancer appears as malignant tumors origina-
ting in the cells of the breast. Breast cancer occurs almost
exclusively in women, but cases have been known to oc-
cur in men. Breast cancer is the second most common
cancer worldwide with 1.677 million cases equivalent to
11.9 % of all cancers (Who. GLOBOCAN, 2012). In deve-
loped countries, the survival rate at 5 years for this type
of cancer exceeds 80 %, while for underdeveloped coun-
tries the rate falls between 10 to 40 %, this is because de-
veloping countries often lack the facilities and personnel
for an early detection of the disease (WHO, 2014).

Advances in science have yielded new alternatives
for treating this type of cancer. Often, the patient has se-
veral options: chemotherapy, radiotherapy, hormone
therapy and surgery, the latter is the most widely used in
the treatment of breast cancer (Breast Cancer Org., 2019).

If the cancer is detected at an early stage, there are
minimally invasive techniques for treatment, for exam-
ple: laser photocoagulation, ultrasound, cryotherapy
and hyperthermia ablation; which is divided into ra-
diofrequency ablation (RFA) and microwave ablation
(MWA) (Van et al., 2007). Additionally, these minimally
invasive techniques can be applied to patients who for
various reasons cannot be treated surgically (Hompes
et al., 2010; Zanus et al.., 2011; Simo et al.., 2013; Lloyd et
al.., 2011; Ratanaprasatporn et al.., 2013; Livraghi et al..,
2012; Iannitti et al.., 2007; Veltri et al.., 2012; Carrafiello et
al.., 2014; Little et al.., 2013; Wolf et al.., 2012; Carrafiello
et al.., 2010a; 2010b; Guan et al.., 2012).

The placement of a needle or a catheter directly into
a tumor and the use of heat, cold, or a chemical to des-
troy it, is called ablation. It is more frequently used to
stop the spread of cancer to the bones or the liver,
although it can also be used in other places or organs.
Ablation is usually employed when only a limited
number of tumors are causing problems.

A common type of ablation, radiofrequency abla-
tion (RFA), uses a needle that carries an electric current.
The end of the needle is inserted into the tumor. An ul-
trasound or a CT (Tomography) can be used to ensure

that the needle is in the right place. An electrical current
that passes through the needle warms the tumor to des-
troy it. In general, RFA is performed while the patient is
under general anesthesia (Vydra & Vrba, 2011).

Another type of ablation, called Cryoablation, uses
the probe placed in the tumor to freeze it, which des-
troys cancer cells (Shinohara, 2007).

Other methods use heat (laser-induced interstitial
thermotherapy) or alcohol to destroy cells (Society
AC, 2015).

In medicine, microwaves are being used increasin-
gly for tumor ablation. Microwaves cause the tumor to
heat and burn. To achieve MWA the tissue should be
heated to a temperature of 55 °C or more, however
maximum temperature should not reach 100 °C, since
that would cause water to evaporate changing tissue
properties, several prototypes of antennas are used to
accomplish that. These antennas are designed trying to
make them smaller and better targeting of energy to
prevent damage on healthy tissue (Bertram et al., 2006).

MWA is a promising technique for breast cancer be-
cause the energy can be focused to selectively damage
carcinomas of the breast. This can be attained due to
their high water content compared with a lower level of
heating in the adipose and glandular tissue that have
lower water content (Vargas et al.., 2004; Mariya ef al..,
2007; Liu et al.., 2018).

For breast cancer, reports of the application of this
technique have been made in patients with inoperable
tumors (Zhou et al.., 2014), the results obtained so far
are an excellent option for people suffering from this
disease. The results have shown that it is a very good
alternative in small tumors, since the application time is
small and the results are very encouraging especially
for these patients (Liu et al.., 2018; Li et al.., 2017).

There are several prototypes of antennas that have
been reported with their associated simulations and ex
vivo tissue studies, mostly in swine breast or bovine li-
ver (Guerrero, 2014; Cavagnaro et al.., 2011; McWilliams
et al.., 2015; Luyen et al.., 2015; Karampatzakis ef al..,
2013), in the Table 1 a comparison of different types of
antennas and their results is shown.

The closed tip antenna has an outer diameter of
1.53 mm however its construction is complicate, the di-
rectional antenna has 1.194 mm outer diameter but it
needs a reflector that has a diameter of 2.4 mm, the he-
lical antenna has an outer diameter of 2.197 mm, finally
the slot and double slot antennas were constructed with
a diameter of 1.3 mm. Every mentioned antenna show
good results, however the slot and double slot antennas
are easier to construct, for these reasons a slot antenna
was considered for this study.
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Table 1. Comparison of different types of antennas and their results

Reference Antenna type

Experiment

Results

Cavagnaro, et al., 2011 Closed tip antenna

McWilliams, et. al., 2015 Directional antenna

Luyen, et. al., 2015 Helical antenna

Slot-antenna
Double slot-antenna

Karampatzakis, et. al., 2013

Bovine ex-vivo liver

Porcine muscle

Bovine ex-vivo liver

In-silico study

Ablation zone of approx.
38 x 28 mm (Length x
Diameter) with a 20 watts
potency
Ablation radius 10 mm in
forward direction and 5 mm
radius in backwards direction,
with a 80 watts power

Ablation zone of 75 x 43 mm,
with a 42 watts power.

Ablation zone of 32 x 30.5 mm,
with a 50 watts power

The objective of this work is to evaluate the efficiency of
two applicators with the same design, slot antenna (Ce-
peda et al., 2015), but different diameters, to determine
the feasibility of using a thinner applicator, which faci-
litates puncture, since it is important to select the most
suitable type of cable for microwave ablation.

MATERIALS AND METHODS

SLOT ANTENNA

MWA applicators are antennas, generally coated with
polytetrafluoroethylene (PTFE) to minimize adhesion
to the (carbonized) tissue that is exposed to ablation,
normally, the applicators designs for MWA are made
for treatment of liver cancer, and some of these designs
can be: Dipole, Monopole and Slot.

The design chosen for the present work is a slot an-
tenna. In MWA, the slot antenna is one of the most po-
pular designs, it is easily made with a semi rigid coaxial
cable, which is short-circuited at one end and a ring-
shaped slot is cut in the outer conductor of the cable
(Cepeda et al., 2015), a diagram of this design is shown
in the Figure 1. In this work two slots antennas were
considered, one with a diameter of 2.197 mm and the
second with a diameter of 1.194.

The effective wavelength at the operation frequency
in the tumor tissue was considered to select the distan-
ce between the tip of the antenna and the slot. To calcu-
late the wavelength the equation (1) is used:

140 mm

C

£f :f l—gyﬂ,

In the equation c represents the speed of light in free
space (m/s), f represents the operating frequency of the
generator (2.45 GHz), ¢, represents relative permittivity
of the tumor at operating frequency (59.385) and i, re-
presents the magnetic relative permeability (1). Using
this values the wavelength obtained is 15.88 mm; but
since the tissue is not homogeneous, this value can be
used only as a reference. The distance between the slot
and the tip is approximately one fourth of the effective
wavelength.

z @™

STANDING WAVE RATIO

The standing wave ratio (SWR) is the ratio of maximum
to minimum voltage signal on a transmission line (Me-
rriam-Webster, 2019). Ideally, a transmission line
should have a SWR of 1, with all the power delivered
and no power reflected. To calculate the SWR the equa-
tion (2) is used:

)

Where I' represents the reflection coefficient. Before
starting the ablation the SWR should be measured and
during the ablation test the incident and reflected pow-
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Figure 1. Diagram the slot antenna used
for the simulation
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ers must be monitored. This is because there is a warm-
ing called detrimental heating, which occurs along the
antenna when a large portion of the energy is reflected
to the signal generator instead of being delivered to the
tissue. This heating can cause damage in tissue outside
the treatment region, and if the SWR is too high it can
damage the equipment. To measure SWR a network
analyzer (E5071B ENA, Agilent Technologies, Santa
Clara CA) was used, this device was also used in the
measurement of the dielectric properties of the materi-
als used for validation experiments.

IN sILICO MODEL

Simulations were made to observe the performance of
antennas before doing experimental validation in phan-
tom tissue. The thermal and dielectric properties of
breast cancerous tumors and healthy breast tissue were
obtained from the literature (Mariya et al., 2007; Lazeb-
nik et al., 2007; Gautherie, 1980), the values used in the
computer model are shown in Table 2.

Table 2. Dielectric properties of breast tumor tissue at 2.45 GHz

Property Breast Tissue ~ Cancerous Tissue
Conductivity (s/m) 0.137 3.156
Relative Permittivity 5.1467 59.385
Thermal Conductivity
(W-m™-K") 0.42 0.50

The computational model was made in COMSOL Mul-
tiphysics (COMSOL Inc., Burlington MA), due to its

ability to simulate the electromagnetic and thermal cha-
racteristics of the problem. COMSOL Multiphysics uses
the finite element method (FEM) to solve the physical
problems. The FEM is a numerical technique that can
be formulated as functional minimization, it involves
dividing a complex geometry into small elements for a
system of partial differential equations, evaluated at
nodes or edges. Nonetheless to obtain an accurate solu-
tion, appropriate initial and boundary conditions
should be selected.

The simulation can be reduced to a 2D axisymme-
tric model, since it presents rotational symmetry,
allowing a two-dimensional modeling using cylindrical
coordinates, and reducing computational time. Figure 2
shows the in silico model considering an applicator in-
serted in a round breast carcinoma surrounded by
healthy breast tissue.

The considered boundary conditions are: for both
simulations the z axis is considered as axial symmetry,
for the electromagnetic simulation all the exterior boun-
daries are considered as scattering boundary condition,
with the only exception of the exterior boundary of the
dielectric of the applicator, which is considered as port
condition with and applied power of 10 W, for thermal
simulation all the exterior boundaries are considered as
constant temperature (25 °C). As mentioned above the
FEM divides the geometry into smaller elements, this
process is called meshing. The accuracy that can be ob-
tained from any finite element analysis (FEA) depends
on the used mesh. As mesh elements are made smaller
the computed solution will be closer to the actual solu-

35]
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101
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Breast tissue |

Figure 2. Model geometry considering
a UT-47 applicator inserted in a round
breast carcinoma surrounded by healthy
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tion. However, if the mesh is excessively thin the com-
putational time and resources needed to obtained the
solution are higher. Taking this into consideration the
mesh should be thin enough to obtain a valid solution,
but not too much to make computational time tend to
infinite. For an electromagnetic FEA the maximum ele-
ment size recommended is one eighth of the effective
wavelength at highest frequency. Using equation (1),
considering that the maximum frequency in the study
is 3.5 GHz and the highest relative permittivity is the
one for the breast carcinoma (g=59.385), the smallest
wavelength in the study is 11.11 mm, so the maximum
element size shouldn’t exceed 1.38 mm. The mesh used
in the computational model has a maximum element
size of 1 mm and a minimum size of 0.0038 mm, under
these conditions the mesh has 38638 triangular ele-
ments, 2528 edge elements, 23 vertex elements. A por-
tion is shown in Figure 3 of the mesh used in the model.

For computational modeling it is necessary to use
an equation that governs the physical behavior of the
phenomenon, for the case of ablation therapies the most
used equation is the Pennes bioheat equation (Ibitoye et
al., 2015) that is given by:

dT
—+V-(=KVD) = p,; Cy wy (Tyy = 1) + Qs + Qs 3)

C
p p dT

In the equation p is the tissue density (kg'm~), C, is the
specific heat capacity at constant pressure (J-kgm™) k
represents tissue thermal conductivity (W-m™-K"), p,, is

the blood density (kg'm?), C, represents the specific
heat capacity of the blood (J-kg"-K"), w,, is the blood
perfusion (kg'm™s"), T, represents blood temperature
(K) and T is the final temperature (K), Q,,, is the meta-
bolic heat generation (W-m™), Q,, is the absorbed elec-
tromagnetic energy (W-m”). Since the experimental
validation is conducted on phantom tissue blood perfu-
sion and metabolic heat generation can be neglected.
The absorbed electromagnetic energy is given by the
equation:

Q.- %0' |EP @)

EXPERIMENTAL VALIDATION

ANTENNA CONSTRUCTION

Two applicators were constructed to validate the com-
putational model with a UT-85 and UT-47 (Li ef al.,
2017; Guerrero, 2014) coaxial cables, with 2.197 mm and
1.194 mm diameters respectively. The two applicators
have the design shown in Figure 1. To build the appli-
cators PCB manufacturing methods are used, first a
mask is placed in the coaxial cable, after that the cable is
painted with acrylic paint to protect the copper from
the ferric chloride (Figure 4). Once the slots are made,
the outer and inner conductor are short-circuited at the
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tip of the applicator. Finally, a SMA connector is moun-
ted on the other side of the applicator.

PHANTOM ELABORATION

A phantom is a physical model reproducing the electri-
cal characteristics of interest, such as permittivity and
conductivity. A phantom model should imitate dielec-
tric properties of living tissue. Phantoms are usually
made using sodium chloride (NaCl), aqueous solu-
tions, glycerin, agar, aniline, among others, made based
on NaCl solution, the most popular phantom. This is
easily prepared and its components are readily and
easily available. Distilled water is used and NaCl is
added to adjust the conductivity without changing the
permittivity with concentrations below 10 g / 1. To ad-
just the permittivity vegetable oil is used and to achieve
a homogeneous mix neutral detergent is added, finally
to obtain a gelatinized phantom, agar is added, to the
mix (Ortega, 2010).

To elaborate the breast phantom tridistilled water
(50 ml), vegetable oil (150 ml), neutral detergent (30 ml)
and agarose (4.5 g) were mixed and heated, the breast
carcinoma phantom was composed of tridistilled water
(100 ml), ethanol (60 ml), sodium chloride (1 g) and aga-
rose (1.5 g) (Ortega, 2010).

The geometry utilized in the in-silico model is a
spherical cancerous tumor inside a cylinder of breast
tissue, to achieve this a sphere of cancerous phantom
was created and once it solidified, it was inserted in a

glass beaker filled with breast phantom not yet solidi-
fied, Figure 5.

SWR MEASUREMENT

To evaluate the efficiency of the applicators (constructed
with 2.2 mm and 1.2 mm diameters cables), the SWR was
measured with a network analyzer (E5071B ENA, Agi-
lent Technologies, Santa Clara CA), when the applicator
was inserted on the phantom. This measure was later
compared with the SWR obtained in the in-silico model.

ResuLts

SWR

Three conditions were considered for the in-silico mo-
del and measurement of the SWR, when the applicator
is inserted in healthy breast tissue when it is inserted
into breast tumor tissue and when is inserted into a
spherical tumor surrounded by healthy breast tissue.
For the first consideration (applicator inserted in
healthy breast tissue) the SWR for the applicator cons-
tructed with a UT-47 microcoaxial cable (1.2 mm dia-
meter) is 1.72 in the experimental validation while the
in-silico model results show a SWR of 2.18, both of
them at the operation frequency of 2.45 GHz, Figure 6
shows the SWR graph in the 2 to 3.5 GHz interval.
Considering the applicator constructed with a UT-
85 microcoaxial cable (2.2 mm diameter) inserted in
healthy breast tissue the SWR measured in the valida-

Figure 4. Process of fabrication of the
applicators

Figure 5. Insertion of cancerous phantom
in the liquid breast phantom
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tion experiment was 1.50 while the in-silico value was
1.68 both for a 2.45 GHz frequency. Figure 7 shows the
SWR graph in the 2 to 3.5 GHz interval.

For the second consideration (applicator inserted
into breast tumor phantom), the SWR obtain in the va-
lidation experiment using the UT-47 applicator was
1.61, while the in-silico result was 1.18. The Figure 8

shows the SWR graph for a frequency of 2 GHz to 3.5
GHz.

For the second consideration (applicator inserted
into breast tumor phantom), the SWR obtain in the vali-
dation experiment using the UT-85 applicator was 1.23,
while the in-silico result was 1.54. The Figure 9 shows the
SWR graph for a frequency of 2 GHz to 3.5 GHz.
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Finally when the UT-47 applicator was inserted in a
spherical tumor phantom surrounded by breast phan-
tom, the SWR at a frequency of 2.45 GHz for the in-sili-
co model was 1.17 while the measured in the validation
experiment was 1.35. Figure 10 shows the SWR graph
in the 2 to 3.5 GHz interval.

And for the applicator constructed with the UT-85
inserted in a spherical tumor phantom surrounded by
breast phantom, the SWR at a frequency of 2.45 GHz for
the in-silico model was 1.63 and the measured in the va-
lidation experiment was the same. Figure 11 shows the
SWR graph in the 2 to 3.5 GHz interval.

Finally a comparative of the SWR measured for both
applicators is shown in Figure 12, the minimum value of
SWR for the applicator constructed with UT-47 coaxial
cable is 1.14 at a frequency of 2.58 GHz, and the mini-
mum value for the UT-85 applicator is 1.52 at a frequen-
cy of 2.91 GHz.

HEATING PATTERNS

The heat patrons for the three proposed conditions
were only obtained in the in-silico model considering

1.85
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an applied power of 10 W for the port boundary of the
applicator, for the first condition, applicator inserted
into breast phantom, the maximum temperature achie-
ved by the UT-47 applicator was 118 °C, the maximum
ablation radius was 9.5 mm. Figure 13 shows the hea-
ting pattern for these conditions. Notice that maximum
temperature was above 100 °C, however since the effect
of blood perfusion was not considered in the simula-
tion, it is expected that the maximum temperature re-
duces when the blood perfusion effect is present.

Similarly Figure 14 shows the heating pattern for
the in-silico model considering the UT-85 applicator in-
serted into breast tissue, notice that the maximum tem-
perature reached was lower (101 °C) for this applicator,
and also the 55 °C isothermal contour was slightly sma-
ller (0.1 mm in diameter and 5 mm in height).

For the second consideration (applicator inserted in
tumor tissue), the heating pattern for the UT-47 appli-
cator is shown in Figure 15, the maximum ablation ra-
dius was 11.7 mm and the temperature reached was
155 °C, the shape of the lesion was more spherical than
the one obtained with the applicator inserted into breast
tissue.
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the heating pattern is shown in Figure 16.
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In addition, the heating pattern of UT-47 applicator
when it was inserted in a spherical tumor surrounded

applicator inserted into breast tissue

60

mm

by breast tissue is shown in Figure 17, the maximum
temperature reached was 161 °C with a maximum abla-
tion radius of 12.9 mm, however total tumor ablation
was not achieved.

Finally, the heating pattern of UT-85 applicator
when it was inserted in a spherical tumor surrounded
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by breast tissue is shown in Figure 18, the maximum results for the UT-47 applicator are better, since it has a
temperature was 128 °C, and the maximum ablation ra- superior coupling, a bigger ablation radius and a hig-
dius was 12.3 mm. her maximum temperature.

In Table 3 the SWR, maximum ablation radius and
maximum temperature for both applicators in the three
experimental setup are shown. Notice that for the clini-
cal situation, tumor surrounded by breast tissue, the
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Table 3. SWR, maximum ablation radius and maximum temperature for UT-85 and UT-47 applicators in breast tissue,

cancer tissue and cancer surrounded by breast tissue

UT-85 UT-47
SWR
(In silico/validation) 1.68/1.5 2.18/1.72
Brest Tissue Ablation Radius (mm) 94 9.5
Max temperature (°C) 101 118
SWR
(In silico/validation) 1.54/1.23 1.18/1.61
Cancer Tissue Ablation Radius (mm) 11.1 11.7
Max temperature (°C) 124 155
. SWR. . 1.63/1.63 1.17/1.35
Breast-Cancer (In silico/validation)
Tissue Ablation Radius (mm) 12.3 12.9
Max temperature (°C) 128 161

CONCLUSIONS

As an alternative to surgery, microwave ablation thera-
py is a promising technique to treat breast cancer in an
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early stage. The purpose of this work was to determine
the viability of building thinner applicators, in order to
reduce the size of the incision necessary to use this tech-
nique. The analyzed results were: temperature reached,
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size of lesion, and SWR, of in-silico and physical mo-
dels (tumor and breast phantom).

The results obtained in the in-silico model show that
the ablation temperatures are reached, in other words,
temperature higher than 55 °C, it is important to notice
that in all three considerations the temperature reached
by the UT-47 applicator was superior to the obtained
with the UT-85 applicator, however this is not necessa-
rily good since temperatures above 100 °C can change
tissue properties drastically, thus decoupling the appli-
cator. Nonetheless since blood perfusion was not consi-
dered in the simulation these temperatures may be
lower in a clinical situation. The coupling of the desig-
ned antennas was predicted using computer simula-
tion. In general, both applicators show good coupling
(SWR lower than 1.8). UT-47 applicator had higher va-
lue of SWR in the model where it was inserted into
breast tissue compared to the SWR obtained by the UT-
85 applicator, 2.18 and 1.68 respectively, but the UT-47
applicator has lower SWR in the other two computatio-
nal models. The difference between simulations an the
validation experiments does not present a problems
since the reflected power for the UT-47 in the simula-
tion in which the antenna is inserted in tumor tissue
surrounded by breast tissue was 0.6 % while in the vali-
dation experiment was 2.2 %, on the other hand the re-
sults for the antenna constructed with the UT-85 in the
same condition were the identical in the simulation and
the validation experiment, 5.7 % of reflected power, this
lead us to believe that the computational model is ap-
propriated to predict the reflected power. The differen-
ces between the in-silico model and the validation
experiments could be explained by the fact that the die-
lectric properties of tissue were not as constant and ho-
mogenous as they were considered for the simulation.
It is also important to notice that in the simulations
where the applicators were inserted into a spherical tu-
mor surrounded by breast tissue, total ablation was not
achieved, though it may be obtained by increasing the
applied power.

Unquestionably the mechanical properties of the
applicators should be considered, and the thinner
applicator (UT-47) is extremely fragile, since it presen-
ted difficulties to be inserted in the phantoms, because
it tended to bend easily. While the UT-85 applicator did
not presented this problem And this must be conside-
red with great importance when selecting the most sui-
table cable in microwave ablation.

Lastly it is still necessary to validate these results in
ex-vivo breast cancer tissue and in-vivo laboratory tests
before concluding if it is feasible to use these applica-
tors for breast cancer treatment.
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