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1. Introduction

When a cell's genetics is altered, the cell begins to divide
uncontrollably and extra cells are produced, often forming a
mass of tissue called a tumor. Cancer is one of the main causes
of death in the world. Every year, many people die due to
various types of cancer. Cancer is the third cause of death in
Iran. By increasing the percentage of elderly people in Iran, the
incidence of cancer cases is expected to become double in the
next two decades. Among the effective and conventional
methods in cancer treatment are surgery, chemotherapy and
radio therapy. Some of the mentioned methods are not
necessarily effective in all cases of cancer, and on the other
hand, each of them causes its own side effects, today other
methods are used to deal with cancer. Among them,
hyperthermia, immunological treatment, and photodynamic
treatment can be mentioned. Each of these methods has its
uses, and the medical team decides which method, or
combination of methods, is appropriate for a particular cancer
case.

The word hyperthermia consists of two words, hyper, which
means high, and term, which means heat. The ability to control
the distribution of energy inside living tissues with the
development of electronic tools and modeling systems has
been of great interest in the past decades and has made
significant progress. The idea of using heat to treat cancer has
been considered for a long time, but the efforts of recent years
have led to the implementation of this idea. The main reason
for this delay is to reach the ability to increase the appropriate
temperature in the appropriate place so that it does not cause
damage to the cells and healthy tissue of the body. Usually,
hyperthermia is used together with other cancer treatment
methods such as chemotherapy and radiation therapy.
Hyperthermia appears to make cancer cells more sensitive to
radiation and chemotherapy drugs. One of the main challenges
related to this method is deep heating of tumors without
damaging the tissues around the tumor, which includes
controlling the amount of heating and spatial distribution, and
designing and positioning temperature sensors. Among the

possible heating methods, radio frequency and microwave
heating has received more attention from clinical researchers.

2. Governing equations and patterns in simulation

In this research, a numerical study of the hyperthermia method
using single and double slot microwave antennas in the
treatment of liver tissue cancer has been done. Modeling of the
problem is done symmetrically and two-dimensionally in the
Comsol software, and the electromagnetic equation is coupled
with the biological heat transfer equation. Pennes biological
heat transfer equation is placed in the heat transfer module in
Comsol software. Moreover, in this study, temperature
distribution, cancerous tissue destruction, absorption rate of
microwave in liver tissue and Specific Absorption Rate (SAR)
for three different distances of the apertures from each other
and the distance of the aperture from the tip of the antenna
equal to 5, 7.5 and 10 mm are presented. The microwave
absorbed in the liver tissue is based on the frequency of 2.45
GHz and the power of microwave is 10 watts.

3. Results and discussion

Figure 1 shows the comparison of SAR distribution in single
and double slot coaxial antennas for distances of 5, 7.5 and 10
mm. This diagram is obtained along a line parallel to the axis
of the microwave antenna at a distance of 2.5 mm from it. SAR
distribution along the longitudinal axis of the antennas
gradually increases and reaches its maximum point, which is
the location of the slot. As it can be seen, in the single-slot
antenna, the maximum of the diagram is at the location of the
slot, and in the double-slot antenna, the maximum of the
diagram is at the location of the upper slot. Then SAR
distribution decreases rapidly and reaches its lowest value at
the tip of the antenna. It is clear that the changes of SAR value
in the liver tissue depend on the type of antenna and
penetration depth. Moreover, the results show that SAR value
of the single-slot antenna is higher than that of the double-slot
antenna at almost all points.
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Figure 1. Specific absorption rate (SAR) in
liver tissue

Figure 2 shows the comparison of the distribution of the
destroyed tissue fraction for single and double slot antennas.
Moreover, there is a good agreement between the temperature
distribution in the tissue and the fraction of destroyed tissue.
Due to the higher temperature distribution in the single-slot
antenna compared to the double-slot antenna, the tissue
destruction in the single-slot antenna is more than the double-
slot antenna. The distribution of the destroyed tissue fraction
and the temperature distribution in the liver tissue depend on
the type of antenna and the depth of penetration. The
distribution of the destroyed tissue in the single-slot antenna
has an oval pattern and in the two-slot antenna has a spherical
pattern.
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Figure 2. Distribution of the destroyed tissue
fraction in the liver tissue for single (bottom) and
double (top) slot antennas

4. Conclusion
The amount of absorbed microwaves, SAR distribution,

temperature distribution and the fraction of destroyed tissue in
the liver using single and double slot antennas were presented
by using Comsol software, and the results showed that the
mentioned items depend on the number of antenna’s slots. A
similar treatment was observed in the fraction of destroyed
tissue for both antennas. The distribution of temperature and
SAR in the liver tissue using the single-slot antenna compared
to the double-slot antenna had the highest values. While the
double-slot antenna has a wider area of the high-temperature
range, the amount of microwaves absorbed is more when using
the double-slot antenna. Therefore, the use of single and
double-slot antennas depends on the shape and size of the
tumor, so if the tumor is oval, using the single-slot antenna is
preferable, but if the tumor is spherical, it is recommended to
use the double-slot antenna. Moreover, the possibility of
choosing the type of antenna according to the dimensions of
the tumor helps to damage a smaller percentage of healthy
tissues.
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Investigating the Effect of Different Positions of the Slot on Performance of Single-Slot and Double-
Slot Coaxial Antenna in The Treatment of Cancer in Liver Tissue by Hyperthermia Method

Behrad Haghighi Hadi Sadeghi Pour Mohammad shafiey Dahej

Abstract A Numerical study of hyperthermia was performed using a microwave slot antenna in the treatment of liver
cancer. The modeling of the problem in Comsol software is done symmetrically and two-dimensionally and the
electromagnetic equation is coupled with the biothermal transfer equation. Temperature distribution, cancer tissue
destruction, microwave absorption in liver tissue and specific absorption rate (SAR) are presented as results. The results
showed that the two-hole antenna has a wider distribution of the amount of microwave absorbed than the single-slot
antenna. The SAR distribution along the longitudinal axis of the antennas gradually increases and reaches its maximum
point where the slot is located, and then the SAR distribution decreases rapidly and reaches its minimum at the end of the
antenna. According to the results, changes in temperature in liver tissue also depend on the type of antenna and
penetration depth, and temperature distribution and SAR distribution have a similar trend. Also, single-slot antenna is
suitable for elliptical tumors and double-slot antenna is suitable for spherical tumors.

Key Words Liver tissue, Slot antenna, Microwave, Hyperthermia, Cancer, Specific Absorption rate (SAR).
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