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1. Introduction 
Hyperthermia is one of the prom1s1ng treatments of cancerll]. If tumors 

are heated more than -I3·C , .. :hile nonnal tissues are kept less than 45 ·C . 
the tumors may be selectively killed. This technique is especially 
po'.,1erful when it is performed in combination \,'ith radiation therapy. I,o,'e 
have been studying an applicator for i nterstitial micro~ave hyperthermia 
that is effective for large-volumed and deep-seated tumors [ 21 , r3]. 

As an ideal applicator for interstitial microt..'ave hyperthermia , the 
antenna should (albe thin enough , (b)have \.;ide and flat heating region a
long the antenna, (c)have sufficient tip heating, and (d)have high 
e fficiency. h'e considered. that the condition (a) I,as alread:-' achieved.[2 J . 

Heating measureme>nts using agar phantoms and experiments I ... ith animals[3J 
have estimated that the applicator antenna de,.-eloped in our laborator;-.· is 
of practical use. In the present paper , I,'e l~ill report the availability of 
evaluating heating regi ons ar'ow1d t he antenna by means of the SAR 
distributions measurement . h'e will describe how to put it into practice . 

2 .Method and results of the SAR distribution measurement 
Fig . l j llustrates the configuration of 8 coaxial-slot antenna 

appli cator [21. Several ring slots are placed. "ah equal spacing of 5mm 
along the outside conductor of a thin coaxial semirigid cabl e . So, the 
number of the ring slots i s multiplied by 5nun, and the product is the 
antenna length, LA ' The antenna is inserted into a catheter in use. 

An SAR(Specific Absorption Rate) i!:; the absorbed po',er per unit mass of 
a mediwn radiated by electromagnetic rields, and given by 

o 
S.-\R= 2' Ez ' + E p [\\/kg] 

,,'here ~ is the df'nsit;.'(kg/m3 ) and (J is the conductidt:-'(S/m) of the me
dium . The SAR distributions are equivalent to those o f heat generation . 
The:-' are important.. to e"aluate such an appl kator for h;vperthe nnia. 

Electric fields produced by the antenna are c omposed. of p (perpendicular 
to the antenna) and z (parallel) - components . Each component "as measured by 
the follol,·ing method. In fig,2, a I,oater tan1{ 1,"8S filled I .. ith 0.-1% saline 
solution regarded as 8 liquid phantom of equi,'alE'nt muscle. SAR 
distributi ons al'ound the antenna insel'tf"<i in the solution h'f're measured . 
The operating frequenc:" I,'as 130~lHz. 

Tn thE' e:\-periments, J.-e adopted. a small mono}X)le and dipole 
aulennas(Fig.3) as probes to measure perpendicular(E p ) and. parallel (Ez) 
components of electric fields, respectivel~' . Compensation coefficient that 
is s hol-'J1 in Table 1 \..'85 obtained. by measuring sensi ti d ties of the t"o 
probes using a standard antenna in ad\·ancE' . 

Figs . ..}-- 6 show measured results o r the SAR distributions for the antenna 
length, L .... of -I0mm, the depth from the surface, DO' of 3Orrm . Fig . .:J and 
Fig.5 shoh' squared magnitude of each electric field components . Fig . 6 is 
the SAR distribution composed. o f the tl.'O distributions taking into account 
the above-mentioned coefficien t . Here, ' iso ' means nonnalization that the 
maximum \'alue of measured data is 100%. This normalization 1~'aS done in 
Figs . ..} and 5, too. (Hence ' 100%' on each figures of iso- SAR distributions 
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do not express the same SAR value . For r eference , the ratio of the ma~imum 
val ue on Fig . 5 to it on Fig . 4 , IE pI ",.x

2 /IEzl",.x z = 2 . 3 . ) 
Fig . -; is a photo of heat generation taken with an infrared camera at an 

agar phantom e~:periment under the same condition as Fig . 6. A practical 
heat generation at Fig . -; agreed roughly h'ith the SAR distributi on at 
Fig . 6. \o.'e have confirmed that for evaluation of a hyperthermia applicator. 
SAR distribution measurement is useful instead of heating e:-,.'periments 
using an agar phantom. The former is easier to carry out than the latter . 

Figs . S and 9 show the measured SAR distributions , ... hen L ... Has kept 40mm. 
and OJ; .... as changed to 10 and 5Orrun . Figs . 10 and 11 show when Os t..-as l~ept 
30TTIIl, ~ was changed to 20 and 6Ormn . Generally , to lengthen L... caused. 
proportionally enlargement of heating extent. and to lengthen Ds made 
smaller a hot spot (unnecessary heating region) generated close to t he 
boundary surface[4] . In addi tion, heating regions around the tip of the 
antenna expanded beyond the tip in every case . 

3 . Improvement of heating region 
For. a large- volumed tumor, only a single antenna can not heat 

sufficiently. An array composed of multiple antennas can cope with it. Be
sides , the heating pattern can be controlled by adjusting its array 
arrangement . excitation amplitudes and phasesl5J . This technique is 
expected to be able to adjust heating pattern to .... arious form of tumors , 
and has been studied by use of computer simulation in our laboratory. In 
Fig . 12 , four antennas as an array l.,Tere inserted into an agar phantom . 

An absorbent cotton block placed on the point of insertion \·:as 
containing physiological salt solution(O.4%), and considered as an 
extension to a human body . In a hospital. the cotton blocl{ is quite 
available . This cotton blocl{ got goOO results to restraint hot and cold 
SJXlts and to enlarge effective heating region . Fig . 13 shows the heating 
patter n of Fig . 12 'dthout the cotton block . \o.·ith the cotton block. Fig.14 
s hows obvi ous improvement. This method that we have been studied 
experimentally is to make it possible to treat large-volumed. tumors at 
s hallower depth ,dth com:entional interstitial heating . 

In adcU tion , h'e have investigated frequency dependence of SAR distribu
tions and measured return loss of the antenna ,and so forth . 

4 . Conc lusion 
l,'e can get perspecth'e of evaluating the applicator antenna by means of 

the SAR distribution measurement mainly from nOI.... . \o.'e "'ill continue the 
measurements to grasp the relation betloieen construction parameters L ... . 08 , 

and DT(the depth of tip from the surface) and SAR distributions . 
In order to pursue t he most suitable heating region for all of i rregular 

forms and locations of tumors. '.-e , ... ill continue further research of a 
theoretical analysis and design technique for a coaxial - slot antenna . 
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Fig . l Coaxial-slot applicator 

Table. t Sensitivity of dipole 
(monopole = 1) 

FreQ. ratio of 
sensitivity 

300!IHz 4.9l 
430MHz 5. 6l 
500MHz 5.26 
600MHz 5.35 
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Fig .6 Iso-SAR distribution 
(Da =3Omm, LA =4Omm ) 
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Photo of heat generation 
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