ABSTRACT

inside the muscle layer.
| INTRODUCTION

My medical reports stated that tumors can be
fsroyed by raising their temperature to certain
jilues. Those values depend on tumor type and volume
[l. The main idea of raising temperature
(Hyperthermia) is to expose the malignant cells to X -
iy doses or signals for different intervals. The signals
my be transmitted by external antennas or implanted
wedles [2-8]. The disadvantage of this method is the
(fimage that occurs in the normal cells surrounding the
mlignant cells.In this paper, the suggested signal
which is referred to as optimum medical signal can be
it to overcome this problem. Optimum signals are
(fined as those input signals which are propagated
frough a medium and maximize the received signals
| 4 certain location and time. The design approach of
gtmum signals is based on the matched filter
fehnique [9]. In section 2, the problem is formulated
ad the transfer function, including the transmission
diect from air to the biological medium, is obtained.
Ih section 3, an optimum medical signal and its
meived response at a certain location inside the
mscle medium is obtained.

LTHE TRANSFER FUNCTION OF A
FAT-MUSCLE LAYERED MEDIUM

Consider an electromagnetic signals incident normally
o the surface of a fat-muscle medium as shown in
Figure (1). We assume that the electric and magnetic
field vectors are in the y and x directions respectively.
The field equations can be written as

Ep = Eo (e™" + Re™), 2>0 (1)
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Ey =E e+ Ee ™, d<z<0 (1)
Em =E, Te™® 9 2<4 (9

E B}
H_ = Tp(e7°z—Re Y5 z2>0 (2-)
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o

H, = _g_(EIerZ—EZe‘VfZ), d <z < 0(2b)
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Figure 1. Incident and reflected signals in a fat-muscle
layered medium.
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where E is the amplitude of the incident electric field
and R, T are the reflection and transmission
coefficients and y,,ys, vy, are the propagation constants
in air, fat and muscle respectively. Since the relative
permittivity constants of tat and muscle depend on
frequency

(dispersive media), they are expressed as

e(w)=¢€'(w)-je" ().

Some values of €' (w) and €” (w) are tabulated in
Table (1). y(w) is written in terms of e(w) as

v(w)=j(%)

ve(w) &, & &y are the wave impedances in air, fat

and muscle respectively. Generally, {(w) = \/""o/ e(w) .
K, is the permeability of nonmagnetic materials.

By applying the boundary conditions at the interfaces
z=0 and z = -d, we get expressions for the reflection
and transmission coefficients as

(€t 8+ = Ce ™M) - e (i + 4D - G~ G )

R(w) vy =
L+ 8D+ G- Ce ) + e (((n+ 1) - G- CDe ™
3)
—~yed
2¢ (1+R)e '*
Tw) = —imL TR @

(Cn+ )+ (-t 110

Table 1. Permittivity constants for fat and muscle

[10].
Muscle Fat
Frequency = o
MHZ € ’ € ”" € €
433 53 55 5.6 0.26

750 52 (424 5.6 | 0.46

915 51 |34.74] 5.6 0.59
1500 49 |125.1| 5.6 |0.945
2450 47 119.06] 55 | 1.385
3000 46 |17.69] 5.5 1.6

5000 4 1751 5.5 1.97
5800 433 |18.16f 5.05 | 1.99
8000 40 (20.25| 4.7 1.92
10000 3931 22 4.5 1.76
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- from air to any depth in the muscle layer, in freg
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The transfer function which represents the tra
domain, can be written as

= +d
Hwz) = T@e ™% 4 <4

The magnitude and phase of H(w,z,) are pli
Figure (2).
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Figure 2-a. The magnitude of the transfer fund
a fat-muscle medium. Assume the tumor loca
z,=1,2,3,4cm. d = 2 cm.
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3, OPTIMUM MEDICAL SIGNALS

‘The optimization criterion considered is the
maximization of the received signal amplitude at a
certain location z and an arbitrary time t,. This is
equivalent to applying the matched filter theory . The
optimum medical signal is that signal which matches a
filter of a transfer function H(w,z_) given by equation
(5). It can be written as [9]

top (62) = AD* (t, - t,2,) ©)

where A is a constant which determine the required
eergy. h(t,z) is the filter impulse response and equals
{0 the inverse Fast Fourier transform of H(w,z). The
received signal at any location z corresponding to the
gptimum  signal can be obtained by applying the
wnvolution theory as follows,

G 42 = &p 02, *h(t2) ™
Figures (3) show the optimum medical signal and its
received signal at a depth z, = 4 cm inside the muscle
layer as functions of the shifted time (t, - t).
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Figure 3-a. Optlmum signal for a tumor atz, = 4cm
in the muscle layer. T, = 50 x 10712

4. DISCUSSION AND CONCLUSION

The results show that the amplitude of the transfer
finction H(w,z) represents a low pass filter and it has
local minimum values at several frequencies. The
eistence of such modes would be expected since the
incident and reflected fields oppose each other in each
layer and form standing waves at those frequencies.
Also, it is observed that the optimum signal has a

_pulse with a peak value at t = t
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shape close to sin x / x function . Furthermore, it is
seen that the optimum signal response is a narrow
. This means that the
energy of the response signal is also maximized at

t = t, and at z = z_ (the tumor location). Therefore,
the heat effect is maximized at the tumor location. The
calculations of power absorption due to the optimum
signal response are postponed to a future paper.
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Figure 3-b. Optimum signal phase for a tumor at
z,=4cm in the muscle layer.
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Figure 3-c. Received signal at z, = 4 cm in the
muscle layer.

As a result, the optimum medical signal can be used
successfully to destroy a tumor at a known depth
without severe

B 111



ISMAIL: Optimum Medical Signals For Tumor Treatments

REFERENCES

(1]

(2]

B3]

[4]

[]

B 112

S.A. Sapareto, "The Biology of Hyperthermia in
Vitro", pp. 1-19, in G. H. Nussbaum, Physical
Aspects of Hyperthermia, American Inst. of
Physics, Inc. NY, 1982.

R.D. Boesch, R.L. Magin and S.J. Franke,
"Phase Shifter for a 915 MHz Phased array
Hyperthermia System", IEEE Trans. Biomed.
Eng., Vol-34, pp. 904-907, 1987.

J. Guerquin-Kern, M.J. Hagmam and R.J. Levin,
"Expermintal Characterization of Helical Coils as
Hyperthermia Applicators”, IEEE Trans. Biomed.
Eng., Vol-35, pp. 46-52, 1988.

X.L. Zhu and O. Gandhi, "Design of RF Needle
Applicators”, Trans. Biomed. Eng., Vol-37, pp.
987-995, 1990.

A. Boag and Y. Leviatan, "Optimal Excitation of
Multi-applicator systems for Deep Regional
Hyperthermia", IEEE Trans. Biomed. Eng., Vol-
37, pp. 987-995, 1990.

[7] H.S. Tharp and R.B. Roemer, "Optimil!

Alexandria Engineering Journal, Vol. 33, No. 3, July 1994

Interstitial
Theory
Biomed,

Cooling For an
Hyperthermia Antenna:
Experimental", IEEE Trans.
Vol-38, pp.450-460, 1991.

Deposition With Finite-Sized Planar Hyper
Applicator Arrays", IEEE Trans. Biomel &
Vol-39, pp.569-579, 1992.

[8] F. Montecchia, "Microstrip-Antenna Dejj
Hyperthermia Treatment of Superficial Tuls
IEEE Trans. Biomed. Eng., Vol-39, pp. §
1992.

[9]1 S.E. El-Khamy, I.A. Mandour and N.H.1
"Optimum Electromagnetic Pulse Transis
Through Good Conducting Media", Ul
National Radio Science Symposium, Caito|
pp. 230-236, 1983.

[10] C.C. Johnson and A.W. Guy, "Nonit
Electromagnetic Waves Effect in bl
Materials and Systems", IEEE Proc.,
pp. 692-707, 1972.



