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Numerical Analysis of an Applicator for
Hyperthermia Treatment of Melanoma

J. L. Dugue Muhoz
Dept. of Electrical Engineering
Universidad Nacional de Colombia
Bogota D.C., Colombia
jlduguem@unal.edu.co

Abstract—This document presents the design and validation of
an applicator conceived for hyperthermia treatment of the
melanoma in the human male torso and female leg. The applicator
consists of an antenna array operating in the 5.8GHz ISM band
immersed in an interface layer. The resulting device is comfortable
to wear by the patient, low-cost and easy to store and handle.
Simulation is carried out using Sim4Life and the ViP 3.0 human
model, and the results demonstrate correct energy delivery to the
tissue under treatment.

Index Terms—Cancer, hyperthermia, melanoma, multi-physics
Sim4L.ife, simulation, tissue.

l. INTRODUCTION

Hyperthermia is a therapy for the treatment of tumors that
operates by raising the temperature of affected tissue above the
body average temperature in a selective manner, typically in the
range 42°C-45°C. By combining hyperthermia with radiotherapy
and chemotherapy, the effectiveness of these conventional
treatments may reach five-fold and ten-fold improvements
respectively [1]. Nonetheless, hyperthermia is still under
scrutiny as there is no evidence that it induces increased
survival rates, while side effects such as burns, blisters, pain and
nausea have been reported [2].

In order to improve the effectiveness of hyperthermia and
avoid its negative side effects, several works have been carried
out recently. In [3] it is presented an improvement to the
magnetic heat induction technique consisting in the insertion of
nanoparticles in the affected tissue. The work in [4] proposes
a metamaterial structure operating at the 2.4GHz ISM band
to improve focusing of electromagnetic energy in the zone of
interest. At lower frequencies, [5] propose a metamaterial
antenna array at 434 MHz to heat uniformly tissue areas of
considerable size. In [6], the FDTD method is used to evaluate
the temperature increase induced by the electromagnetic field
with a graded grid for improved accuracy in the geometrical
representation.

The work in [7] presents a realistic model of space-
dependent blood perfusion in a multi-physics simulation to
understand the perfusion features of the tumor, with a circular
patch antenna with slotted ground operating at 434 MHz
as applicator. In [8] the authors design an applicator for
hyperthermia treatment specifically targeted at not causing the
patient any pain, using a transmitarray lens and a distilled water
interface. [9] proposes a 3-D antenna array operating at 4.2GHz
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for the treatment of breast cancer that avoids hot spots outside
the treated area.

Throughout the literature revised we see a variation of:
applicator type (antenna), interface layer, illness targeted, tissue
location, level of detail anatomical model. In this work, we
present the design and numerical validation of an antenna array
applicator for hyperthermia treatment of melanoma that is
compact, robust in view that antennas are immersed on a solid
interface layer and cost-effective thanks to a simple design. The
validation process considers a detailed model of the affected
zone and its environment within the body to assess the
performance in terms of energy focusing and power delivery.
The computation is carried out with Sim4L.ife [10], and results
in quantitative data that provide a very accurate prediction of
the performance.

Il. SIMULATION SCENARIO AND APPLICATOR DESIGN

The anatomical model employed is extracted from the
Virtual Population (ViP 3.0) [11], which is a group of
computable human models that describe the multi-physics and
physio- logical behavior of body tissues with great accuracy
in high resolution, and allow postural manipulation. In the
anatomical model employed, no differentiation in tissue
characteristics for healthy/ill tissue is analyzed.

The applicator consists of a planar antenna array operating in
the 5.8GHz ISM band, designed to attain energy focusing in the
zone of interest and low return loss. An interface layer favors
energy delivery to the affected tissue by avoiding the free-
space/body impedance mismatch and preventing the generation
of hot spots in or near the body, thus preventing discomfort and
unintended tissue heating, while favoring focusing for better
control of the temperature profile. The resulting design is
compact, such that the patient can wear it comfortably, and
robust in view that the 3D radiating structures are backed by a
ground plane and are embedded in a solid dielectric interface
medium. The elemental radiators are elevated patch antennas
fed with an L-feed, which are directive and very broadband
(even more so thanks to the 2x2 broadside array configuration),
hence making the device robust against patient-to-patient
variations. Furthermore, the ground plane prevents radiation in
unwanted directions and provides a solid support for connector/
handles to operate the device. The details of this design are
illustrated in Fig. 1.
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The array applicator is embedded in an interface with
transverse dimensions 15cm x 15cm and height 10 cm. In order
to minimize reflections with actual tissue, this material is
chosen with parameters very similar to muscle: dielectric
constant 48.4846 and loss tangent 0.0227.

2.956mm

Fig. 1. Detail of the antenna array used as applicator.

I1l. RESULTS

We report results on the initial validation of the applicator, as
shown in Fig. 2 in the form of cuts of the Specific Absorption
Rate (SAR) in three orthogonal cuts inside the interface. The
first aspect to notice from the first two cuts in Fig. 2 is the
favorable role played by the interface, that buffers the
unfavorable field distribution present near the array elements
(broad and multiple high-intensity lobes). It is clear from the
last cut in Fig. 2 that 9cm above the ground plane, near the end
of the interface, the field distribution is well suited for the
treatment of melanoma (3dB diameter of about 2cm).
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