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Abstract

Various types of medical applications of antennas have
widely been investigated. In particular, hyperthermia is one
of thermal therapies and is a modality for cancer treatment
utilizing the difference of thermal sensitivity between tumor
and normal tissue. The author et. al. have developed a coax-
ial-slot antenna, which is one of thin microwave antennas to
be employed for interstitial as well as intracavitary micro-
wave hyperthermia. In this paper, two different types of co-
axial-slot antennas are introduced for the treatment of brain
tumor and bile duct carcinoma. Then calculated results of
thermal patterns around the antennas are described.

1. INTRODUCTION

In recent years, various types of medical applications of an-
tennas have widely been investigated and reported [1]. Such
typical applications are listed as follows:
1) Treatment (Thermal therapies)

- Microwave hyperthermia (See Fig. 1)

- Microwave coagulation therapy
2) Diagnosis

- MRI / fMRI (See Fig. 2)

- Microwave CT / radiometry
3) Information transmission

- Telemedicine

- Wireless capsule endoscopy
In particular, minimally invasive microwave thermal thera-
pies using thin coaxial antennas are of a great interest. They
are interstitial microwave hyperthermia [2] and microwave
coagulation therapy (MCT) [3] for medical treatment of can-
cer, cardiac catheter ablation for ventricular arrhythmia treat-
ment [4], thermal treatment of BPH (Benign Prostatic Hyper-
trophy) [5], etc. Until now, the author et. al. have been
studying several applicators for microwave hyperthermia.
Hyperthermia is one of the modalities for cancer treatment,
utilizing the difference of thermal sensitivity between tumor
and normal tissue. In this treatment, the tumor is heated up
to the therapeutic temperature between 42 and 45 °C without
overheating the surrounding normal tissues. We can enhance
the treatment effect of other cancer treatments such as radio-
therapy and chemotherapy with hyperthermia.
There are a few methods for heating cancer cells inside the
human body. Especially, the author et. al. have been study-
ing the coaxial-slot antenna [6], which is one of thin micro-
wave antennas for microwave hyperthermia. Coaxial-slot
antennas can be employed for interstitial and intracavitary
microwave hyperthermia.

The author et. al. have experienced several cases of actual
treatments of interstitial microwave hyperthermia for neck
tumors by use of the coaxial-slot antennas and have con-
firmed their effectiveness [7]. Fig. 3 shows one of the actual
treatments for neck tumor. In this treatment, an array appli-
cator composed of four coaxial-slot antennas was used.

In this paper, the investigations of the coaxial-slot antenna
for interstitial microwave hyperthermia aiming at the treat-
ment of brain tumors and preliminary studies of the antenna
for intracavitary microwave hyperthermia aiming at the
treatment of bile duct carcinoma are described.
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Fig. 1: Microwave external hyperthermia system
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Fig. 2: Block diagram of MRI system
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Fig. 3: Photograph of a patient during the treatment



2. COAXIAL-SLOT ANTENNA FOR INTERSTITIAL
MICROWAVE HYPERTHERMIA

Fig. 4 shows the structure of the coaxial-slot antenna operat-
ing at 2.45 GHz. The antenna is composed of a thin semi-
rigid coaxial cable. Some ring slots are cut on the outer con-
ductor of the cable and the tip of the cable is short-circuited.
Here, L is the length from the tip to the center of the slot
close to the feeding point, and L is the length from the tip to
the center of the slot close to the tip. We previously con-
firmed the possibility of generating a localized heating pat-
tern by employing two slots, especially when L, and L, are
set to 20 mm and 10 mm, respectively. In addition, we also
confirmed that the heating pattern of this coaxial-slot antenna
is independent of the antenna insertion depth [7].
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Fig. 4: Structure of the coaxial-slot antenna

Fig. 5 shows the procedure of numerical calculation. In the
calculation, first, we analyze the electric field around the
antenna by the FDTD (Finite Difference Time Domain)
method and calculate the SAR (Specific Absorption Rate)
from the following equation:
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where o is the conductivity of the tissue [S/m], p is the den-
sity of the tissue [kg/m’], and E is the electric field (rms)
[V/m]. The SAR takes a value proportional to the square of
the electric field generated around the antennas and is
equivalent to the heating source created by the electric field
in the tissue. The SAR distribution is one of the most impor-
tant antenna characteristics for heating.

Next, we calculate the temperature distribution around the
antenna. In order to obtain the temperature distribution in
the tissue, we numerically analyze the bioheat transfer equa-
tion [8] using the FDM (Finite Difference Method). The
bioheat transfer equation is given by
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where T is the temperature [°C], ¢ is the time [s], p is the den-
sity [kg/m’], ¢ is the specific heat [J/kg'K], x is the thermal
conductivity [W/m-K], p, is the density of the blood [kg/m],
¢y is the specific heat of the blood [J/kgK], T} is the tempera-
ture of the blood [°C], and F is the blood flow rate [m’/kg-s].
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Fig. 5: Procedure of numerical calculation

Fig. 6 shows the calculation model based on the actual MR
images of a patient with a brain tumor. The coaxial-slot an-
tenna is placed almost at the center of the tumor and a region
close to the antenna is picked up for the calculations. In the
calculation, we employed non-uniform grids and used small-
size grids only for the antenna. In addition, at the tempera-
ture calculation, we used the same grids as the FDTD calcu-
lation and calculated only inside the biological tissue (region
z > 30 mm). Table I shows the physical (electrical and ther-
mal) properties of some biological tissues for the calculation.
Here, temperature-dependent physical properties were not
considered.
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(b) Calculation model.

Fig. 6: Calculation model based on the actual MR images

2 International Symposium on Antennas and Propagation — | SAP 2006



TABLE 1: PHYSICAL PROPERTIES OF BIOLOGICAL TISSUES AROUND THE
BRAIN (E.G. [9])

Tumor Gray White
(center) CSF matter matter
Relative 380 66.2 489 36.2
permittivity &
Conductivity 115 3.46 1.80 121
o [S/m]
Density p
[ke/m’] 1,040 1,007 1,038 1,038
Specific heat
¢ [VkgK] 3,900 4,000 3,680 3,600
Thermal
conductivity 0.57 0.60 0.57 0.50
x [WmK]
Blood flow rate 6 " 6
F [m’/kes] 0.0 9.33x10 9.33x10 9.33x10

The actual calculation model includes 14 media. The blood flow rate of the
tumor (center) was set to 0 because a necrotic tissue was considered.

Fig. 7 shows the calculated temperature distribution in the
observation plane (x-z plane at y =0). Here, the net input
power of the antenna (= input power — reflection power), the
initial temperature, and the heating time are set as 5.0 W,
37 °C, and 600 s, respectively. From Fig. 7, we can observe
a uniform heating region around the tip of the antenna. In
addition, we may say that the region of the tumor is almost
covered by the therapeutic temperature (42 °C or more) un-
der the above-mentioned conditions.
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Fig. 7: Calculated temperature distribution

3. COAXIAL-SLOT ANTENNA FOR INTRACAVITARY
MICROWAVE HYPERTHERMIA

A. Scheme of the treatment

There are some methods to treat the tumor inside of the body
by intracavitary hyperthermia. This time, we have developed
a coaxial-slot antenna aiming at intracavitary heating for bile
duct carcinoma. Fig. 8 shows the scheme of the treatment.
In the treatment, first, the endoscope is inserted into the duo-
denum and a long and flexible coaxial-slot antenna is in-
serted into the forceps channel of the endoscope, which is
used to insert the tool for treatment. Finally, the antenna is

guided to the bile duct through the papilla of Vater, which is
placed in the duodenum.

Fig. 9 shows the structure of the coaxial-slot antenna for this
treatment. The basic structure of this antenna is the same as
that of the Fig. 4 except that the whole structure is flexible.
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Fig. 8: Scheme of the intracavitary microwave hyperthermia for treatment of
bile duct carcinoma
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Fig. 9: Coaxial-slot antenna for intracavitary heating

B. Temperature distribution around the antenna

In order to investigate the possibility of heating the bile duct
carcinoma, we calculated the temperature distribution around
the tip of the antenna. Fig. 10 shows the calculation model
based on the realistic human model developed at Brooks Air
Force Base Laboratories [10]. In Fig. 10, only the bile duct
is indicated inside the calculated region though there are a
few other organs such as liver, stomach, duodenum, small
intestine, etc. The procedure of the calculation is the same as
in Fig. 5. However, there are two thick blood vessels (he-
patic portal vein and inferior vena cava) close to the bile duct.
Therefore, in the temperature calculations, the effect of cool-
ing due to the blood flow was considered. The physical
properties of the biological tissue for the calculations are set
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by [9], [10]. Here, the net input power of the antenna and the
heating time are 5.0 W and 600 s, respectively. Fig. 11
shows the calculated temperature distribution around the
antenna. The observation plane is indicated in Fig. 10. From
Fig. 11, we can observe a region, which is more than 42 °C.
As a further study, we will investigate the heating character-
istics by experiments using tissue-equivalent phantoms and
an actual endoscope.
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Fig. 11: Calculated temperature distribution around the bile duct

4. CONCLUSION

This paper describes the applications of the coaxial-slot an-
tenna for the interstitial and the intracavitary microwave hy-
perthermia. First, we calculated the heating patterns around
the coaxial-slot antenna aiming at the treatment of brain tu-
mor. Next, the investigation of the heating performances of
the coaxial-slot antenna for treatment of bile duct carcinoma
was shown. As a result, the possibility of the treatment was
clarified by use of the realistic human model. As a further
study, we will do animal experiments to treat brain tumors
and will study antennas for the intracavitary heating aiming
at practical treatment.
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