|

) <

The University of Osaka
Institutional Knowledge Archive

Title MICROWAVE(C & % HEAILE D EBMRR S &L OERIK
[GEAANDER

Author(s) |&#, #; EH, EE

Citation |HAEZHRIIRFZSMEE. 1988, 48(6), p. 735-748

Version Type|VoR

URL https://hdl.handle.net/11094/16150

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



BAERKSEE 48 (6), 735—748, 1988 (FH63)

MICROWAVE i X % &P ik o ZBERI D58
B X OBERICHE~NDOEE

HREMAEAASRMREZHE CEF A #X8D
i o t
B BEE ARSI R
K B M B

(FEFN634F 1 200 M)
(FRFI634F 3 A 30 H B#E IR E )

Microwave Interstitial Hyperthermia
—Fundamental Experiments for Clinical Applications—

Yutaka Aoyagi
Department of Radiology, Jikei University School of Medicine
(Director: Prof. Sachio Mochizuki)
Naohiko Harada

Medical Engineering, Laboratory, Toshiba Corporation

Research Code No. : 600.5
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The object of this paper is to determine practical antenna spacings and arrays for the clinical
application of interstitial hyperthermia using 915 MHz microwaves.

We measured in 3 dimensions the rate of increase of the temperature and the steady state
temperature in phantoms and dog thigh muscle with various antenna spacings in a 4-antenna square
array. We also studied temperature distribution with 5 to 16 antennas to determine array patterns and
the thermometry points as references.

The results showed that the optimum antenna spacing is 2 cm for clinical use. We decided to array
antennas on the margin of tumor mass at 2 cm intervals and to arrange 1 or 3 additional antennas in
the central portion of the heated volume where its diameter exceeds 3.5 cm.

On the basis of these fundamental results, we treated 5 patients by microwave interstitial
hyperthermia. The heated volumes in all cases showed a temperature of over 42°C. Two of the 5 cases
showed complete response in combination with low-dose irradiation.

We believe that microwave interstitial hyperthermia is one of the most useful hyperthermic
methods, whereby it is possible to treat a tumor located at a relatively deep region at high temperature.
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Fig. I-1 The interstitial antenna and catheter. The antenna is made from a
braided 50-Q coaxial feedline with an outer diameter of 1.0mm. At the junction,
the inner conductor is soldered to the separate outer conductor as an extension
section with a length of 35mm. Maximum input power is 15W for each antenna.
The antenna is inserted into the Teflon catheter which insulates it from the

tissue.
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Fig. I-2 Antenna array and heated volume.We performed heating experiments
with a predetermined volume of tissue to define the region to be heated. The
heated volume is designated by several array boundaries, such as the top,
bottom and side boundary planes. We defined the plane which includes each
antenna junction as a junction plane. (a) 4-antenna square array. (b) 5~16
antenna round array with 3 added antennas within the heated volume.
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Fig. I-3  An experiment for the study of the geo-
metrical relationship between antenna array and
temperature distribution. The heated phantom
was TX-150. Liquid paper changes its color at
40~42C. Scale space is 5mm. A smooth and less
distorted temperature distribution was obtained.
(a) 6 antenna array. (b) Temperature distribu-
tion on cross-section at the junction plane. (c)
Temperature distribution on a plane perpendicu-
lar to the antennas.
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Fig. I-4 Temperatures of a 2cm square array
produced through 5W per antenna. Temperatures
at the center of the array (------ ) and at the side
midpoint between two antennas (—-) measured
on the junction plane, on the plane 2cm beneath
the junction plane, and on the plane 3cm beneath
the junction plane.

EAERRIE $488 %65



W O flsk

739

Table 1-1 Time to rise 6°C up higher than the initial temperature

3.0cm square array

2.0cm square array

Depth from the junction plane Center %?éfwim Center %“}(iiiélepni ot
Ocm 12.5min 10.5min 4min 3min
2cm beneath 19.0min 15 min Tmin 6min
3cm beneath 29 min S 11min 11min
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Fig. I-5 Experiments for evaluating the effect of
surface cooling. We heated the phantom to main-
tain a temperature 6°C higher than the initial
temperature at the midpoint between two anten-
nas on the plane 2cm below the junction (REF.
POINT). In Fig. [-5 (a), We obtained curve-(1)
by heating the phantom from an initial tempera-
ture of 37°C and curve-(2) by heating from room
temperature. We obtained curve-(2)" by adding
16C to curve-(2) so that the temperature at the
ref. point of curve-(2) was equal to the tempera-
ture at the ref. point of curve-(1). Fig. I-5 (b)
shows the cooling effect of air as a function of
depth. 4T ['C) represents the subtracted value
of curve-(2)" from curve-(1). The cooling effect
of air extends to a 3~4cm depth.

(Fig. 1-6),

5 [EHEEOEBE X BT 531, ¥5iK5
~16KDT v 7 F ORI ARF| &b b EB LT -
7o, BEME R % junction H X Y 2cm & L, fniE
BEOERYHEL L SCFRThoET07 v 5
F%2cm EIfET Fig. 1-2b iR+ X 5 AR
FIARFILI:, MBEBOEENIAZXLBICL
TeB W1 ERKERRIERDT7 v 5 FHRLEICEMN
BIALY, 5ARMEDT7 vFFick 2B OET
X, TR Al uwARKT, DT VTR
SWREEOHNT, »ofRoRERESH1ER
B 6 CERTA LS REFIZKRDI (Table I
-2),
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Fig. I-6 Heating of dog muscle tissue. Fig. I-6
(a) Heating experiment. of dog thigh muscle.
Fig. I-6 (b) Fall of temperature increase ratio
due to the increasing blood flow, as a function of
time. Temperatures produced by a 2cm square
array at the center (——) and the side midpoint
(Gass ) on the junction plane. Much more power
was required to raise the temperature, due to the
increase of blood flow with time. A rapid temper-
ature rise and fall were demonstrated when com-
pressing the femoral artery (1) and releasing the
compression (&),

I, BRERAIIC 617 2 iBRR DS
III-1. fERAS & UFE
E Bl X B F1614= 8 B 2 b B AE ¥ T I micro-
wave IZ X AN INERETEhic5HCcH B
(Table 1I-1), 3 PIEETOBRRE, 1HILYE
w5, foo 1PIEECERETH B, &0, &
BBl & L CaBAMRET S hi.
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Table I-2 Antenna array with 4~16 antennass.

MWurmber of antennas 2) 3) 4)
7 diameter of Time to rise | Array example
sidle boundary core total the heated volume (cm) &°C up
o« e
4 o 4 2.0 T min . ’.‘.[2“-"“
5 ] =3 2.8 —_— . '*.
- .‘Z.?a."
=] =] =] 3.8 10 min i
T 1 8 4.2 —_—
.
. Fo
a8 1 - 4.8 e . ¢ ..Izt’m
L
2 1 10 5.6 10 min
10 3 12 8.2 = 2em
LA
11 2 14 6.8 — . »
- L "“'.
12 k<] 16 7.8 10 min . .
-— -
13 3 18 8.1 14 min

notes 1)
2)
2)

Antennas inserted on the side boundary plane at 2cm spacing.

Diameter of an inscribed circle of a polygon formed by an antenna array.

At the point which showed the lowest temperature increasing ratic on

4)

the bottem boundary plane.
[output power s & w per each antenna ¢n the side boundary plane.)

% is the lowest temperature to be measured on the bottom boundary
plane or ton boundary plane.

Table II-1 5 cases treated with microwave interstitial hyperthermia.

Case 1 Case 2 Case 3 Case 4 Case 5
+ Age and Sex 61Y, M 59Y, F 61Y, M Y, M 58Y, M
+ Primary tumor neck tumor  soft palate  lung ca. laryngeal rectal ca.
tumor ca.
+ Histology malignant SCC SCC S5CC adeno ca.
schwannoma. well diff.
+ Heated site neck neck node dorsal neck abdominal
muscle wall
+ Hyperthermia Interstitial  Interstitial Interstitial External Interstitial
D50min D60min @50min (D60min (D43min
(@55min over 43C @20min (@53min over 42°C
350min 4 antennas  @30min over 43°C
over 43C over 43C 16 antennas
6 antennas [nterstitial
4 antennas (D75min
over 45°C
5 antennas
« Combined radiation (=) 37.5Gy/17ix  36Gy/12fx 41.4Gy/14fx  42.5Gy/18fx
therapy 40 days 33 days 41 days 35 days
+ Results no change disappeared slightly disappeared slightly
decreased in decreased in
size size
« Side effect (- ) (=) skin burn pain in
heating
(81)
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Il ks X AR S EB 12 LR L RAETH 5,
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Lhieh, IR7 v7FEL04 EREHFIZIX19
G, 1 RBREFII2IGC 0ORED S 0% i,
DRI ER L AR L L, &
BERBROKEREI D, junction X b F » F2em ©
HEEHS L OEREREE L, A7 v 5
FIRIO O ONDEEER L L (Fig. 1-2b).
TRIRP D RAZTREE S A R U e S o 3 %
LT L7z, BHI0ERICH SR 1 35 X 082
RERLhOHEOBRIES TR hROFNE D X
TH5,

TEFI1 ~ 4%, REEEFTIRT7 v 7+ 28 A
L (Fig. II-1a), fEGI5 134E & BEICH AL

(b)

Fig. II-1.(a) Case 4. HSantennas inserted transver-
sely into a recurrent neck turnor. (b) Case 5. 16
antennas inserted vertically into a recurrent
tumor within the abdominal wall.
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(Fig. II-1b), fk% & BAICRIA L5813, BEW
DEZOBEL SRR R #Ic oS L X 5 ek
i s T B,

TRl ~ 4 CRBRIA 2 EEEFAE -
b, ThifRET o, ENETGCEB L
BEx Y —2M40CUTIR/e 5 & 5 cRBER %
BHL, ZOB, fiflloF5 4+ —icX 5298
THEBIEE LR OLH%E B R,

II1-2. #%

5 EoMABAMEBIE T, &0 E HDE
LIRSS % 7 v 5 7 1 K24 b #95W o H©
w42 CL FemBr & (Table II-1),

RED] 4 THIMRBAMABA1SDE X b, 4 HIREEH4
o 2 BB ORE € vy — BB REDE T
ZALIRDT, 20 ETFlem © A CRIBE T
BEBDLIT, ¥, CO2BHOEEx v ¥ —
DRI junction DIPE XDV RARELL, 44
DY H-OhTRIBUCBELXRTEFCH
D, FHLIRh - 1 BN RREDE T
& -1 (Fig, 11-2).

TEFI2 35 & O 4 TIRBHH Lo oo 5812

B5.0 4 JUNCTION PLANE —. 7 & 1"

4 FOINT SENSOR PROBE

! \
35.0 14/ ¥ SKIN SURFACE
4

20.0 T

o 20 40 e} 80 [minl

Fig, 1I-2 Case 4. Temperatures in heated volume
measured by a 4-point sensor probe as a function
of time. After 30minutes from the commencement
of heating, the second sensor (%) of the 4-point
sensor probe showed an obvious temperature fall.
This very localized temperature decrease appear-
ed to be due to the increasing blood flow in the
normal artery passing through the heated vol-
ume.
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(b

Fig. 1I-3 Case 2. (a) Before interstitial hyperther-
mia. (b) One month after interstitial hyperther-
mia. Protruding mass in the upper neck had
completely disappeared.

37.5Gy/17fx/40days ¥ X U'41.4Gy/14fx/41
days &4 in <, EEAME S 1 EOMHT DR
2, InRSEIRA o EE L2 ER % L (Fig. 11-3,

4),

EIVER, 61 TREIM oM 1 EDk
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SIeh L RIOEREFLAICFOLTHA, 7Y
7 ORI, FHEEERDIsho T,

IV. #% &

1l #07vFFEACTLE, BLIUORSH
MEHioT vFFries LTOTRobint%i
BESAEEL.

2. 2em IR T4 AD T vFFREFBIHEA
L, MfEFEFE2ERTE5E8E5W oihcin

BRFI634E 6 A25H

vy 1S
25

Fig. 1I-4 Case 4. (a) CT scan before hyperther-
mia. (b) CT scan 1.5months after hyperthermia.
The neck node mass behind the sternomastoid
muscle has almost disappeared.
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