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Figure 1. The schematic structure of a probe consis—

il

des. The main road (trocar) with a thickness
of 1.8 mm is electrically insulated except

near the electrodes (0.53 mm thickness). By
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a direct

electric current is flown through the electro—
des, which are generated an electric field in

the tissue.

The generated strong electric

field in the vicinity creates resistive heating,

which is dominates around the four electro—
terial of electrodes is usually used Nickel—ti—

des because of strong electric field. The ma—
tanium compound.

applying DC bias on the probe,
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Table 1. Constants defined the properties of tissue used in Egs. (2) and (3).

Name Expression [1] Description

Name Expression [4 Description

p_n 1,060 [kg/m’] Normal tissue (liver) density

Tumor tissue density

Cn 3,600 [J/kg*K)] Heat capacity

]
ot 21,550 [kg/m®]
]

C_t 132 [J/(kg+K) Heat capacity

K_n 0.512 [W/(m*K)] Thermal conductivity

K_t 71 [W/(m#K)] Thermal conductivity

o_n 0.333 [S/m] Electric conductivity

ot 4e6 [S/m] Electric conductivity

TO 37 [degree C] Initial temperature

Vo 10, 20, 30 [V] Applied voltages

o714 Viz AAHV), o= A7AEE(S/m), I £
oA FEE AF(A/MY), QE HEAF ZL(A/m’)
olth, #lo] mde] A, I'oF QF KT golth wahA
Eq. (3)& FhdabA thr] Aejshd Eq. (4) 02 F3 .

=V s+ (oVV)=0 E q
(4)

Egs. (2)8} (4)0] AF&5 WaEe] mjd o)A 7]
2 94 EAS Table 10 7|3kt AAzRAo R A=
to] vhe] A91E 90 V) o AAsta, W52 10V, 20
V, 183l 30 VE 77 AHgsta, Uwx| AAFALS A&
o7 A4 ik Ak v A 2573
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V=0 on the cylinder wall
V=V, on the electrode surface Eq. (5)
ne (J;=J:)=0  on all other boundaries

Eg, AFATA s WAsH: Do) RES AN

bioheat WgAloll et FAZAL Eq. (6)3 £t

T=T, on the cylinder wall
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Eq. (6)
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(a) 1 sec after (b) 51 sec after (c) 300 sec after

Figure 2. The thermal distribution in tissue by applying
DC 20 V after (a) 1 sec, (b) 51 sec, (c) 300
seconds. The strongest electric field gene—
rated at the ends of electrodes, where is in—
dicated highest temperature distribution.

Fig. 19] 2ol D3A%L 7behe ¢4 Af7} 52
7) AL S5 4%a Bk 24 el 2o W
518 AH0E Walshs S o EHOR nBstas
Bk, 2] A ATl oo 9HE A7) ge] mY
o wel el Wt 2717k A ek Fig, 2% 20 V)
Agte] A=l AL Aol WE L BEE A2t
Sgieh. 271470 AT 95 Dol WA 9]
om), oz Ae] A A A7) YYH 3 AFY

T @o] HAES & = Qlrh

Fig. 3 (a)2] 2ejZ= Aol 10 Vo] ALL ¢l7lsbar
SEF7re] WskE A7) R sl 27
W2 SER 257 Z7ket 50°C HlRkelA o] o) &
7¥eHA] 68 HolFEt) 50°C olAake] koA X wa )
E 700 & 4 9ormw 10 V A X3l H3slA] ¢
t}. Fig. 3(0)9] &% A% 1832 30 V & Aste] <17t

T g, 49 st v we) XAk ©
Fo] o g} Gk &xExdo] ofgE Ao FthE

309



- r i —
“ i o’ _‘,_F
- f A
Fd
[ i i
."ll H (a) 10V applied
e |I, ! i ;
‘Z»a i
N
AL
£l
n
»
Ty 100 o ™ m 0 P
Tra
~ Taoswane (%)
= s S, )
™ gl .
e
— r e e
/ (b) 20 V applied
EBG l]l
i
I
el
=0
.”"
g
sﬂ e 200 00 400 =00 00
Tare
Tewrgacsrs [*C]
0
130 S it E——
T
120 o
rj.
et ;
| {c) 30 v applied
o f f
% : J!'
|
L
=l
= |
o
o
ol
300 o 2 - i L i
Tew

Figure 3. Temperature at the tip of the electrodes as
a function applied DC potential of (a) 10 V,
(b) 20 V, (c) 30 V. The temperature rises
quickly until it reaches a steady temperature
of 50°C (a), 85°C (b), 135°C (c). The time scale
is second. The maximum current densities are
estimated as the values of 2,238, 4,476, 6,714
[A/m®] for applying 10, 20 and 30V, re—
spectively.
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(2) 30 sec after (b) 100 sec later (¢) 300 sec after

Figure 4. The visualization of the iso—surface of 50°C
temperature with applying 20 V after 30 sec
(a), 100 sec (b), 300 sec (c). It is interesting
the region of cancer cells, which can be de—
stroyed where the temperature has reached
at least 50°C. The region of temperature
reaching higher then 50°C has a diameter of
45 mm approximately.

o

U

Figure 5. The visualization of the temperature distri—
bution by applying 20 V after 600 sec. The
iso—surface is clearly displayed reached at
least 50°C, which is the lesion region where
the cancerous cells can be destroyed within
a diameter of 39.2 mm.
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Figure 6. The cross—sectional temperature distribution
as a function of time after applying 20 V on
the electrodes (along the line shown in Fig.
5). The regions of highest peak temperatures
are correspond to the end points of electro—
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As a technique for removing cancerous tumors from normal tissue, radio-frequency
electromagnetic waves were employed to heating target cells up to the critical temperature,
which kills the cancerous cells. However, its use in treating tumors in soft organs is limited
by inconvenient factors, which are use of high-currents and long time operation. In this
work, the feasibility of the localized heating by inserting four conducting electrodes with
tiny direct current is investigated. The heat source is resulting from the electric field as
known as resistive heating. We have investigated the temperature distribution as a function
of applying DC voltages ranging from 10 V to 30 V with 10 V step. From the simulation
results, the mushroom-like lesion shape by applying 20 V is generated by four electrodes

within a few minutes, that is proper to the clinical application.

Keywords : Hyperthermia, Thermal analysis, Direct current, Biological effects of electric

fields, Numerical methods
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