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Abstract

Breast cancer patients struggle with psychological trauma
related to body image issues linked to the required
treatment. Thus, minimally invasive treatment modalities,
such as microwave ablation, have been gaining attention.
Additionally, personalized pre-treatment simulations that
allow assessing the cosmetic outcome of the ablation can
help reduce associated trauma. The aim of this paper is to
propose a framework to study the cosmetic outcome of the
breast following microwave ablation. This framework can
easily be adapted to reflect the future knowledge about the
mechanical properties of breast tissues and their
dependence on temperature.

1. Introduction

According to the latest statistics from the Global Cancer
Observatory, breast cancer sets the record for new
diagnosed cases, with more that 2 million new diagnoses in
2022 [1]. Treatment modalities vary depending on cancer
stage at diagnosis, but surgery is part of the primary
treatment regimen for the majority of patients [2]. This
treatment modality leads to scarring, loss of breast volume,
and deformation [3][4]. In fact, most women that undergo
cancer treatment suffer from psychological trauma
associated with body image disturbances and
dissatisfaction [5][6]. Thus, minimally invasive treatment
modalities have been gaining attention. Additionally,
considering that the majority of women are diagnosed with
localized breast cancer — two-thirds of diagnoses in the US
— localized treatment modalities could have an increasing
significant role in breast cancer treatment [7].

Microwave ablation is a localized and minimally invasive
treatment modality in which a needle delivers microwave
energy directly into the tumor. Yang et al. [8] report an
excellent cosmetic outcome after microwave ablation in
88.0% of patients, good in 10.4%, and acceptable in 1.6%
(attributed to the scar left by the ablation needle). Besides
the development of minimally invasive treatment
modalities, personalized pre-treatment simulations that
consider the tissues’ behavior to treatment could improve
the patient’s physical and mental health. Godden et al. [9]
reported that women who viewed their personalized 3D

simulation of likely cosmetic outcome after breast-
conserving surgery were more confident going into surgery
than those who saw examples of 2D photographs of other
women.

The mechanical properties of breast tissues are essential to
assess the cosmetic outcome of microwave ablation. The
elastic modulus (Young’s modulus, E) is the most used
modulus to describe the stiffness of biological tissues but
encompasses a wide range of values. For example, the
reported Young’s moduli vary from 0.41 + 0.10 kPa to
23.54 4+ 4.03 kPa and 0.90 + 0.18 kPa to 26.62 + 4.48 kPa
for fat and fibroglandular tissue, respectively [10][11].
Regarding the temperature-dependence of mechanical
properties, there are studies of ex vivo soft biological
tissues, such as bovine muscle [12], porcine brain [13] and
skin [14], and canine and bovine liver [15]. Although it is
known that tissues stiffen due to ablation [16], there are no
studies, to the best of the authors’ knowledge, conducted
on breast tissue that quantify the change in mechanical
properties during the procedure.

The aim of this work is to present a framework we
developed to assess the cosmetic outcome of microwave
ablation  considering  the  temperature-dependent
mechanical properties of breast tissues. The paper is
organized as follows: Introduction, the Methods followed
to obtain the Results, the Discussion and Conclusion.

2. Methods

We developed a simulation pipeline to assess the cosmetic
outcome of the breast after microwave ablation by
analyzing the effect of gravity on the breast before and after
ablation.

The simulations ran in COMSOL Multiphysics using the
Electromagnetic Waves, Bioheat Transfer and Solid
Mechanics modules. We simulated microwave ablation on
the geometry represented in Figure 1 with a duration of 10
min, input power of 10 W, at 2.45 GHz. The simulated
geometry is in 2D and includes a skin layer surrounding the
breast tissue, a tumor, and the ablation needle. With this
geometry, it was possible to evaluate which breast layers
would be affected by the ablation.
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Figure 1. Geometry used in COMSOL to simulate
microwave ablation: the tumor is the inner most semicircle
and is surrounded by a breast layer and then a skin layer;
the ablation needle corresponds to the red rectangle. Its tip
was placed at the point (0.0, 10.5) mm, which corresponds
to the center of the tumor. The temperature distribution of
the tissues after ablation is visible.

We imported the temperature distribution after microwave
ablation into a more realistic breast geometry to perform
the mechanical simulations. The geometry was adjusted
considering the ablation zone and the ablation needle area,
which we simulated as scar tissue since there are no
temperature values in the area occupied by ablation needle
in the ablation simulations. Figure 2 shows the geometry
used in these simulations. We applied the gravity
acceleration on the whole geometry and fixed the left and
bottom boundaries.
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Figure 2. Geometry used to simulate the effect of the
gravity on the ablated breast. a) The scar tissue was added
to model the area occupied by the ablation needle during
the procedure. b) The blue represents the area that was
affected by the ablation, i.e. the area that must be modeled
with temperature-dependent mechanical properties.

We adapted the temperature dependence of the mechanical
properties of fat, fibroglandular tissue, and tumor (the areas
affected by the ablation) from the magnitude of the
complex modulus (JE*|) obtained from canine liver samples
prepared with double immersion boiling (the samples were

immersed in a bath of distilled water until reaching 90 °C;
then, they were removed from that bath and immersed in
another bath of room temperature distilled water) [15].
Although these properties are not from human tissue, this
was the only data of mechanical properties of soft
biological tissue we found that included information up to
90 °C. We used the same proportion reported between each
value and the initial value (at around 37 °C) and adjusted
the modulus to the corresponding tissue. Figure 3 shows
the trend of the temperature dependence of the mechanical
properties used in this work.
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Figure 3. Magnitude of the complex modulus (JE*|)
obtained from canine liver samples prepared with double
immersion boiling as a function of temperature (adapted
from [15]).

Table 1 lists the parameters used in the simulations to
model fat, fibroglandular tissue, skin, a tumor, and scar
tissue.

Table 1. Parameters used in the simulations to model fat,
fibroglandular tissue (Fg), skin, a tumor, and scar tissue.

Fat Fg Skin | Tumor Scar
Density 932.00 | 1066.00 911 1049.75
(kg/m®) [17] [17] [18] [17] 1070.00
Young’s 56.30 | 270.00 100.00
modulus (kPa) | 27 | 379 | oy | p2o] [21]
Poisson’s ratio 0.495 [22]
Relative 5.15 57.20 38.00 57.00 )
permittivity [18] (18] | [1s] [23]
Relative
permeability ! ! ! ! )
féflfﬁ‘cctfi ity 0.137 | 1970 | 1.460 | 3.000 )
(S/m) [18] [18] [18] [23]
Heat capacity
at constant 2220 3398 3391 3610 )
pressure [17] [17] [18] [17]
(J/kg/°C)
Zgﬁﬁ‘cﬂviw 0171 | 0328 | 0370 | 0.511 )
WimK) [17] [17] [18] [17]

We used 2.60 S/m and 2.03 S/m for the relative permittivity
of the catheter and the dielectric that compose the ablation
needle, respectively. We simulated the blood at 37 °C, with
a specific heat 3639 J/(kg*K), a perfusion rate of 3.6x107>
s and a density of 1103 kg/m® [23]. We obtained the
Young’s modulus of fat and fibroglandular tissue from
ultrasound elastography exams analyzed within our
research group. Regarding the density of scar tissue, it
should be denser than fibroglandular tissue [24], so we
chose 1070.00 kg/m?>.



3. Results

We simulated a breast with a tumor, a skin layer and fat or
fibroglandular tissue. Here, we present the results of the
breast containing fat tissue. Figure 4 shows the
interpolation used to represent the temperature dependence
of the mechanical properties of fat tissue.
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Figure 4. Interpolation used to represent the temperature
dependence of the mechanical properties of fat tissue.

We attributed the temperature-dependent mechanical
properties to the tissues affected by the ablation (fat,
fibroglandular tissue, and tumor, as represented in Figure 2
b). The interpolations allow us to compare the deformation
caused by gravity on the breast before and after ablation.
Figure 5 shows the a) pre- and b) post-ablation distribution
of the Young’s modulus on the modeled breast, and the
deformation caused by the gravity: the minimum
displacement (0.00 mm at the fixed boundaries) and the
maximum displacement of 9.65 mm pre-ablation and 9.25
mm post-ablation.
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Figure 5. a) Pre- and b) post- ablation distribution of the
Young’s modulus of the breast composed of a tumor, fat
tissue and skin. The post-ablation simulation also includes
scar tissue. It is also possible to see the deformation caused
by gravity and the corresponding minimum and maximum
displacement.

4. Discussion

We propose a framework to assess the cosmetic outcome
of microwave ablation performed on the breast. In this
work, we compare the deformation caused by gravity on a
pre- and post-ablated breast.

Although the mechanical properties we used were not
obtained from human tissue, they show the same trend, i.c.,
post-ablated tissue is stiffer than pre-ablated tissue. Studies
conducted on animal soft tissues show that the mechanical
properties are stable or decrease for temperatures up to ~60
°C, followed by an increase until reaching 65 °C [12][13].
For temperatures higher than 65 °C, there are few studies
available. Kiss et al. [15] report the magnitude of the real
part of the complex modulus (JE*|) — the real part of the
complex modulus represents the storage modulus, which is
related to the elastic component of a viscoelastic material,
such as biological tissue [25] — of canine and porcine liver
samples measured from around 40 °C up to 90 °C. With the
mechanical properties adapted from [15], we verified that
our simulations show that the post-ablation breast sags less,
when compared to the breast before ablation. This behavior
is what we expected since ablated tissues are stiffer than
unablated tissue.

5. Conclusion

The proposed simulation framework corresponds to a first
step in developing an application to assess the cosmetic
outcome of microwave ablation. This application can help
decrease the psychological trauma related to body image
issues patients suffer from after cancer treatment. At this
stage, the application shows the effect of gravity on pre-
and post-ablated breast. Once knowledge of the mechanical
properties of breast tissues increases, we can easily update
the framework to incorporate the new information. We can
also extend the framework to 3D and include other models
that require mechanical information, such as the wound
healing of the hole left by the ablation needle.
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