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1. Introduction

In recent few decades, various types of medical applications of microwaves have widely been investi-
gated and reported [1].  In particular, minimally invasive microwave thermal therapies using thin ap-
plicators are of great interest. They are interstitial microwave hyperthermia and microwave coagula-
tion therapy (MCT) for medical treatment of cancer, cardiac catheter ablation for ventricular arrhyth-
mia treatment, thermal treatment of BPH (Benign Prostatic Hypertrophy), and so on. The authors
have been studying the thin coaxial antennas for the interstitial microwave hyperthermia that is one of
the minimally invasive microwave thermal therapies.

Hyperthermia is one of the modalities for cancer treatment, utilizing the difference of the ther-
mal sensitivity between tumor and normal tissue. In this treatment, tumor or target cancer cel is
heated up to the therapeutic temperature between 42 and 45 °C without overheating surrounding nor-
mal tissues. Particularly, combination of the hyperthermia and the radiation therapy is effective for
treatment of unradiocurable tumor [2].

The authors have been studying the heating characteristics of the antennas for the hyperthermic
treatment under the assumption that the human body is a homogeneous medium. In this paper, the
heating characteristics of thin coaxial antenna are analyzed in complicated media that is based on the
MRI (Magnetic Resonance Imaging) data including a neck tumor.

2. Coaxial-slot antenna

We used a coaxial-slot antenna [3] as the thin coaxial antennas for the interstitial heating. Figure 1
shows the basic structure of the considered coaxial-slot antenna. This antenna is made of a thin
semirigid coaxial cable, whose outer diameter is approximately 1.0 mm. The tip of the cable is
short-circuited and severa ring slots are cut on the outer conductor. In this paper study, we set two
slots on the antenna, because the heating pattern of the antenna can be controlled independently of the
antenna insertion depth. Moreover, we have aready confirmed the best combination of the position
of each dot [4]. Here, the length from the tip to the center of the slot close to the feed point is 20 mm,
and the length from the tip to the center of the slot close to the tip is 10 mm. The antenna was in-
serted into a catheter made of PTFE for hygiene. The operating frequency is 2,450 MHz, which is
one of the ISM (Industrial, Scientific, and Medical) frequencies.
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Fig.1 Coaxia-dlot antenna.



3. Calculation model
Figure 2 (a) shows one of the tomograms including a tumor which is obtained by the MRI. The size
of the tumor is the maximum in this horizontal plane and is approximately 38x25 mm? here. We de-
fined the calculating region as Fig. 2 (b) by using Fig. 2 (a) and several tomograms at other horizontal
positions. Thisregion is placed at the jaw portion and includes a target neck tumor, two bones, and a
respiratory tract. Figure 2 (¢) shows a three-dimensional calculation model and Table 1 shows the
physical and biological properties of each medium [5]-[7]. In this study, we assumed that single co-
axia-dot antenna with two dots is employed for the heating. The calculation model of the
coaxia-dot antennaisthe same as[8].

Figure 3 shows the flowchart of computer simulation for calculating the temperature distribution
around the antenna inside the tissue. First, we analyze the electric field around the antenna by the
FDTD method and calculate the SAR (Specific Absorption Rate) from the following equation:

SAR = % E?  [Wikg] 1)
where ois the conductivity of the tissue [S/m], p is the density of the tissue [kg/m?], and E is the elec-
tric field (rms) [V/m]. The SAR takes a value proportional to the square of the electric field gener-
ated around the antennas and is equivalent to the heating source created by the electric field in the tis-
sue. The SAR distribution is one of the most important characteristics of antennas 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 equation [9] includ-
ing the obtained SAR values by using the FDM (Finite Difference Method). The bioheat transfer
eguation is given by

pc%:KVZT—ppbc,,F(T—Tb)+p-SAR 2
where T isthe temperature [°C], ¢ isthetime [s], p is the density [kg/m?], ¢ is the specific heat [Jkg-K],

x is the thermal conductivity [W/m-K], p,is the density of the blood [kg/m?], ¢, is the specific heat of
the blood [Jkg-K], T} is the temperature of the blood [°C], and F is the blood flow rate [m*/kg-s].
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Tablel Physical and biologica properties of tissue.
Electrical properties (2,450 MHz)

Muscle Bone Tumor
Relative permittivity &, 47.0 185 38.0
Conductivity o[S/m] 221 0.81 1.15
Thermal properties
Muscle Bone Blood Tumor
Specific heat ¢ [Jkg K] 3,500 1,300 ¢,=3,960 3,900
Thermal conductivity x[W/m K] 0.60 0.44 - 0.57
Density p [kg/m] 1,020 1,790 £,=1,060 1,040
Blood flow
Tumor
Muscle Bone Canter Periphery
Blood flow rate F x 10° [m®kg ] 8.30 0.42 0.0 1.67

4. Calculated results

Figure 4 shows the calculated SAR distributions around the coaxial-slot antenna. The observation
planes of the distribution are defined in Fig. 4 (a). The size of the tumor in the x-y plane and the x-z
plane is maximum in these observation planes. The distributions are shown in Fig. 4 (b). From Fig.
4 (b), we can observe the high SAR region not only the area close to the antenna (x =0, y =0) but also
the boundary of the tumor. However, the value of the SAR is low in the region of the bone adhered
to the tumor because of low e ectric conductivity.

Figure 5 shows the calculated temperature distributions. Here, the observation plane is the
same as Fig. 4 (). Here, the initial temperature of each medium, the heating time and the net input
power of the antenna (= input power — reflection power) are 37.0 °C, 300 s and 10.0 W, respectively.
From Fig. 5, we can find the relatively uniform heating region though the SAR distributions are not
uniform especially around the boundary of the tumor. Moreover, we may say that the region of the
tumor is amost covered by the therapeutic temperature (42 °C or more).
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Conclusions

In this paper, we calculated the heating pattern around the coaxial-slot antenna inserted into a neck
tumor based on the MRI data.  First, we introduced the coaxial-slot antenna and explained the calcu-
lation model reconstructed from the tomograms.  Next, we showed the calculated results of the SAR
and the temperature distributions.  As a result, we could confirm the possibility of the treatment for
the actual neck tumor. Asafurther study, we are going to apply our results to the treatment.

References

[1]
[2]

[3]

[4]

[S]
[6]

[7]

(8]

[9]

K. Ito, “Medical applications of microwave,” Proc. APMC’96, vol. 1, pp. 257-260, Dec. 1996.

K. Ito, K. Saito, T. Taniguchi, S. Okabe, and H. Yoshimura, “Minimally invasive thermal therapy
for cancer treatment by using thin coaxial antennas,” Proc. IEEE Annu. Int. EMBS Conf., Oct.
2001.

K. Ito, K. Ueno, M. Hyodo, and K. Kasai, “Interstitial applicator composed of coaxia ring slots
for microwave hyperthermia,” Proc. 1989 ISAP, vol. 2, pp. 253-256, Aug. 1989.

K. Saito, S. Okabe, T. Taniguchi, H. Yoshimura, and K. Ito, “Localized heating by using a coaxial-slot
antenna with two slots for microwave coagulation therapy,” Dig. USNC/URSI National Radio Science
Meeting, p. 422, Jul. 2001.

C. C. Johnson and A. W. Guy, “Nonionizing electromagnetic wave effects in biological materials
and systems,” Proc. IEEE, vol. 60, no. 6, pp. 692-719.

http://www.fcc.gov/fce-bin/dielec.sh (C. Gabriel, “Compilation of the dielectric properties of
body tissues at RF and microwave frequencies,” Brooks Air Force Technical Report
AL/OE-TR-1996-0037).

P. M. Van Den Berg, A. T. De Hoop, A. Segal, and N. Praagman, “A computational model of the
electromagnetic heating of biological tissue with application to hyperthermic cancer therapy,”
IEEE Trans. Biomed. Eng., vol. BME-30, pp. 797-805, 1983.

K. Saito, Y. Hayashi, H. Yoshimura, and K. Ito, “Heating characteristics of array applicator composed
of two coaxia-slot antennas for microwave coagulation therapy,” IEEE Trans. Microwave Theory
Tech., vol. 48, no. 11, pp. 1800-1806, 2000.

H. H. Pennes, “Analysis of tissue and arterial blood temperature in the resting human forearm,” J.
Appl. Phys.,vol. 1, pp. 93-122, 1948.



