PLANNING SYSTEM FOR THE THERMORADIOTHERAPY
PROCEDURE

A.M. Fadeev, S.M. Polozov, A.E. Aksentyev, O.L. Verjbitskiy
National Research Nuclear University - Moscow Engineering Physics Institute, Moscow, Russia
E-mail: SMPolozov@mephi.ru

Hyperthermia is a method of treatment of oncological diseases by means of increasing tumor’s temperature up to
40...43°C. Hyperthermia isn’t applied alone but usually like adjunct to the established treatment methods such as
radiation and chemotherapy. High temperature of tumor cells makes its more sensitive to the radiation and to the
anticancer drugs. Creating of high level temperature distribution in the tumor site by the phased array of applicators
was proposed. Varying phases and amplitudes of each dipole provides focusing electromagnetic energy in the deep
situated tumors. It is very important to save healthy tissues from overheating. Prediction and control of temperature
distribution inside the patient body is a significant part of the treatment process. The planning system for the ther-
moradiotherapy procedure is under development. Numerical simulation methods of the E-field and temperatures
distributions produced by the phased array are described. These simulation techniques use a finite-element method.

Resulting distributions of E-field and temperature are also presented.
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INTRODUCTION

Hyperthermia is an adjunctive method of treatment
of oncological diseases by means of increasing tumor’s
temperature up to 40...43°C. Under this conditions tu-
mor cells can be damaged and, moreover, efficiency of
radiation and chemotherapy can be improved. But it is
very important to save healthy tissues from heat des-
tined for the tumor.

Treatments by means of radio frequency (RF) radia-
tion are difficult challenge because RF energy is rapidly
absorbed by human tissue. Therefore, treatment of tu-
mors situated deeper than a few centimeters with a sin-
gle applicator is not effective. Alternative decision is a
using of several applicators positioned around the pa-
tient body in a configuration which allows obtaining
constructive interference of the RF patterns. This con-
ception was presented earlier in [1]. Suggested device
consists of eight dipoles evenly spaced around a 60 cm
annular space. Each dipole is powered and controlled by
its own amplifier and phase shifter consequently. All
dipole applicators are driven by the same frequency but,
thus, each can have separate amplitude and phase val-
ues. This ability permits to steer maximum of the ab-
sorption power in the tumor site.

The operating frequency of dipoles can vary in the
range of 80 to 150 MHz. Amplitude and phase varia-
tions together with frequency variation present a wide
range degree of freedom in selecting of the treatment
mode. Amplitude and phase values are made by intui-
tion. The main rule of focusing strategy is that the max-
imum of the absorption power is shifted form the de-
layed dipole applicator. But it is very hard, and hence
longstanding, to find the optimal values of amplitudes
and phases guided by only this rule, especially for real
time treatment. Moreover human body consists of huge
amount of different tissues with its own dielectric prop-
erties and densities and each patient has its own anatom-
ic peculiarity. That’s why development of planning sys-
tem for the hyperthermia procedure is very important
for saving healthy tissues surrounding tumor from over-
heating.
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1. ANALYTICAL METHOD

The problem of temperature prediction consists of
two tasks: first, predict the rate of heat deposition in the
various tissues; and second, predict the resultant tem-
peratures. The latter problem is described by a role of
blood circulation and thermal conductivity of tissues in
the temperature regulation. But the main goal is to pre-
sent the electric field distribution in the studied volume,
which later will be used for temperature calculation with
the same element grid. Since the power deposition per
unit volume of tissue is given by (without blood flow
and thermal conductivity):
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where E is the rms electric field, ois a tissue conductiv-
ity and p is tissue density, the main goal is to complete
the electric field distribution.

In this paper the general Galerkin formulation for
the electric field is used.

In general case we should to solve Maxwell’s equa-
tions:

SAR =

VE =iouH , 2
VH =-iws E, 3)
where E and H are the time-variant complex amplitude
of the electric and magnetic field correspondingly; u is
the magnetic permeability; ¢, =&+io/u is the com-
plex permittivity; o is the electric conductivity; & is the
permittivity;  is the radiant frequency. As known w is
constant in tissue, but &£ and o vary with both frequency

and tissue type. Therefore after isolating E the result is:
V(VE)-k’E =0, (4)

where k® = @ ue +iouo is the complex wavenumber.
Since the object of study is the human body, it was
decided that the Finite Element Method [2] was to be
implemented. The principal idea of the method is the
subdivision of the whole domain into a composite of
simpler parts. Several advantages prompted the use of
this method of which the ease of representation of com-
plex geometry and greater flexibility in regard to the use
of discontinuous coefficients in the equation, as com-
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pared to Finite Difference schemes, play the major role,

with the latter being of even greater consequence than

the former due to the nature of the problem.
Approximate solution is based on the weak form of (4):

(V(VE)]p)—(k*Ep) =0, (5
where () indicates integration over the volume and ¢,

is any scalar function. In this implementation of the
method, however, the same weighing functions that are
utilized for the field expansion on the elements of the
mesh — so-called form function — are used. The first
term in (5) may be integrated by parts:

(V(VE)]@) =(V(VREN (Ve (VE)) =

=n(pVE)ds—(Vg, (VE)).
And thus the weak form is presented by:
(VE)p)—(k’Eq,) = ia),uqS(H xnjpds.  (7)
Note that H was reintroduced purposefully for ap-
plying boundary conditions where E is not specified and
computing nxH on the boundaries where E is specified.

The unknown E should be expanded to complete the
numerical discretization as follow:

E=>.Ea. ®
where ¢, is the real-valued weighting functions. This

Galerkin approximation is then implemented on conven-
tional linear, hexahedral finite elements, where ¢, and

E are continuous with piecewise continuous first deriva-
tives.

The linear hexahedral element was chosen as an ini-
tial approach due to the fact that this type of element
allows for non-constant gradients of the unknown quan-
tity, hence making the mesh more sensitive to change.

2. SIMULATION RESULTS

In this study following model was used for simula-
tions. Cylinder dielectric tank filled by deionized water
is surrounded by just a pair of dipoles. Two dipoles are
enough to demonstrate the ability of interference. Con-
ductivity of deionized water is very low (6:107 S/m),
thus it is expected that the absorbed power will be close
to zero. What’s why cylinder filled with conductive
water (0.5 S/m) is situated in the center of the tank. Di-
poles separate from water by thin dielectric layer (con-
ductivity 0.02 S/m). The overall view of studying model
is presented in Fig. 1.

This model is performed by CST Microwave Studio.
Moreover, simulation results will be compared with
CST results. In these simulations thermal conductivity
was ignored, thus it is can be expected abrupt change of
the absorbed power level in deionized water and dielec-
tric tank interface and deionized and conductive water
interface. Here conductive water is an equivalent of hu-
man tissue, for instance, muscle which has similar dielec-
tric properties such as conductivity and permittivity.

Electric field distribution with equal phases along
the line connected two dipoles is presented in Fig. 2.
This line is sighed on the top of the figure. And corre-
sponding SAR distribution along the line is depicted in
Fig. 3. Cylinder with conductive water starts at 90 and
ends at 190 mm.

(6)
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Fig. 1. Overall view of studying model
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Fig. 3. SAR distribution along the line

Here black line is for CST simulation and red line is
for numerical simulation with using Galerkin approxi-
mation.

Electric field has maximums values near the dipoles
and they are situated in the dielectric tank. SAR distri-
bution has the same maximums. Because of non-zero
conductivity of dielectric tank it can be damaged, but in
these calculations thermal conductivity is ignored. Thus,
in this case the power absorption will be decreased.

Maximum of absorbed power in the center is a result
of the summation of the absorbed power from each of
two dipoles. Zero absorbed power in other region
caused by low conductivity of deionized water. In the
presence of thermal conductivity in simulating SAR
distribution would be smoothed and high absorbed
power values near the dipole region would be de-
creased. These figures show ability of deep heating.
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SAR distribution with phase delay at the left dipole CONCLUSIONS

is shown in Fig. 4. Phase shift is 45 degrees. Hyperthermia is a promising adjunctive method of
%9 L L the treatment of oncological disease. Heating tumors by
i —— CST Microwave —r— RF fields can be effective in case of multiple applicators
04 ——humencal Smulaton using, where desirable absorbed power distribution is
reached by amplitudes and phases varying of each di-
03 7\ pole. Thus, it is very important to choose the most suit-
g / able values for the most effective treatment and for sav-
i 02 / ing healthy tissues from overheating.
Z / \ For these purposes planning system is under devel-
04 / oping. Numerical method, which permits to produce
/ electric field distribution, is presented. Simulation re-
0.0 al sults were compared with CST Microwave Studiore-
sults. It is shown that deep heating of biological tissues
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Fig. 4. SAR distribution along the line with the phase
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CUCTEMA IIVIAHUPOBAHMUSA AJIA ITPOLHEAYPbBI TEPMOPATUOTEPAIINNA
A.M. Daoees, C.M. Ilonozos, A.E. Axcenmuwes, O.J1. Bepicouykuii

FI/IHepTepMI/IH — 3TO METOA JICYCHUS OHKOJIOT'MYCCKHX 3a00JeBaHuit IMyTEM MOBLIIICHUA TEMIICPATYPbI OITYXOJIH
a0 40...43°C. FI/Il'IepTepMI/ISI OOBIYHO HE MNPUMCHACTCA OTACIIBHO, HO UCIIOJIB3YCTCS KaK JOINMOJHCHUEC K YCTAHOBJICH-
HbIM MCTOJAM JICYCHHSA, TAKUM KaK JIydCBas U XUMUOTCpAIIUA. IloBnimennas TeMIICpaTypa OITYXOJICBBIX KJICTOK
JACITaCT UX Oomee BOCIIPUUMYHNBBIMHU K O6J'Iy‘l€HI/IIO 1 XUMHUOIIpeapaTam. Z[J'ISI CO31aHUA MTOBBIICHHOI'O YPOBHSA TCM-
neparyp B OIYXOJW HNPCHIOKCHO HCHOJIb30BATh HC3aBUCHUMO (1)213I/Ipy€MBII\/’I MacCCuB H3Hy‘laT€J’IGI>i. BapBI/IpOBaHI/Ie
(bas U aMIUIMTYJ BOJIH OT KaXJ0ro u3 H3J'Iy'laTe.]'IefI obecreunBaeT (1)0KYCI/IpOBKy 3J'IGKTp0MaFHPITHOI71 OHCpPrun B
FJ'Iy60KO paCHOJIO)KeHHOﬁ OITYXOJIH. HpI/I 9TOM O4YCHBb BAKHO MPECAOTBPATUTH MECPETPCB 3J0POBLIX TKaHeH. HpOFHO-
SUPOBAHNUEC U KOHTPOJIb PACIPCACIICHUA TCMIICPATYPbl BHYTPH 06J1yqaeM0r0 Tella SABJISETCS 3HAYNMOM 4aCThIO npo-
necca JICUCHUA. Pa3pa6aTLIBaCTCH CHUCTEMa IUIAaHUPOBAHUA JIA HPOUCAYPbl TECPMOpPAAUOTEPAIINU. OnuceIBaroTCsS
MCTOAbl MATEMATHYICCKOIO0 MOACIIUPOBAHUA PACHPCACICHUA DJICKTPUICCKUX MoJIeH TCMIICPATYPbI BHYTPHU TECJIA,
IpONU3BOAUMBIC (baBI/IpOBaHHBIM MAacCHUBOM. DTH TEXHUKU OCHOBAHEI HA METOAEC KOHCYHBIX 3JICMCHTOB. Taxoke apea-
CTaBJICHBI PE3YJIbTUPYIOLIUEC PACIIPCACIICHUSA SJICKTPUICCKUX nojen u TEMIICPATYDP.

CUCTEMA IITAHYBAHHS JJ1S1 IPOLIELYPHA TEPMOPAIIOTEPAIIIT
A.M. Daoecs, C.M. Ilonozos, A.E. Akcenmuee, O.J1. Bepycouuvkuii

lNneprepmist — 11e METOJ JIIKYBaHHSI OHKOJIOTIYHHMX 3aXBOPIOBAHb HIISIXOM ITiJABHIIEHHS TEMIIEPATYPU ITyXJINHH
70 40...43°C. TI'ineprepMist 3a3BU4ail HE 3aCTOCOBYETHCSI OKPEMO, aJle BUKOPHCTOBYETHCS SK JOIMOBHEHHS 0 BCTA-
HOBJIGHMX METOJIB JIKyBaHHS, TAaKMX SIK IPOMeHeBa 1 XiMioreparis. IlifBumiena remneparypa IyxXJIMHHAX KIITHH
poOuTH iX CIPUHAHSITIMBIIIMMH 10 ONPOMIHEHHS 1 XiMionpenaparis. [lJisi CTBOpEHHS MiJBHUIIEHOTO PiBHSI TeMIepa-
TYyp y ITyXJIMHI 3aIIPOITIOHOBAHO BUKOPHCTOBYBATH HE3aJIeXKHO (Da30BaHUI MacHB BUITPOMiHIOBauiB. BapiroBanus a3
1 aMIUTITY[] XBHJIb Bl KOKHOTO 3 BHUIIPOMiHIOBaiB 3a0e3meuye OKyCyBaHHs €JIeKTPOMArHiTHOI eHeprii B IITMO0KO
posTamoBaHiif myxsuHi. [Ipyr poMy qyXKe BaXXJIMBO 3aII00ITrTH TIEperpiBaHHIO 3/I0pOBUX TKaHUH. [IporHO3yBaHHS i
KOHTPOJIb PO3IOJITY TEMIIEPATypH BCEPEIHI OIIPOMIHIOBAHOTO TiJla € 3HAYYIIOI0 YACTHHOIO IPOIECY JTiKYBaHHS.
Po3pobnsieThest cucreMa IUTaHyBaHHS Ul TPOLENYpH TepMmopaaiorepanii. ONHUCYIOTECS METOAW MaTeMaTHYHOTO
MOJICTTFOBaHHSI PO3MO/ALTY EIEKTPUYHHX TOMIB 1 TeMIlepaTypy BCepeinHi Tisla, BUpoOieHi ¢azoBannm macuBoM. Lli
TeXHIKM 0a3yl0Thcs Ha METOMl KIHIEBHX €JeMEHTIB. Tako)K HpeNCTaBIEHO pe3yIbTYI0Ui PO3MOMUIN ENEeKTPUIHUX
TIOJTIB 1 TEMITEpaTyp.

ISSN 1562-6016. BAHT. 2014. Ne3(91) 213



	Introduction
	1. analytical Method
	2. simulation results
	conclusionS
	references

