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Summary

A Tateishi Denki-made, 13.56 MHz, induction heater, Model HEH-500C was used to study heating
characteristics, and histologic retrieval of heated organs, and to clarify the following matters.

Heating characteristics : Two mini-pigs, weighing 43 kg and 30 kg, respectively, were subjected to five
patterns of heating. The results of heating experiment are summarized as follows. 1) Without the large
-sized cooling bolus, both abdomen and groin were easily heated to the temperatures higher than 43°C.
2) With the large-sized cooling bolus, the deeper regions of both abdomen and groin were difficult to be
heated to the temperatures higher than 42°C. 3) The large-sized cooling bolus prevents heating of body
surface and panniculus adiposus, but deteriorates heating of the deeper regions. The large-sized cooling
bolus should be used after weighing the merits and demerits, and setting the conditions carefully. 4) The
small intestines and stomach are easily heated to higher temperatures, but the liver and pancreas are
difficult to be effectively heated.

Histologic changes : The histologic retrieval was made of the organs of the two mini-pigs subjected
to the heating experiment. The examined organs included the stomach, small intestines, dorsal muscles,
adipose tissues, liver, and spleen. Findings after heating showed without exceptions the three items :
edema and hyperemia, bleeding, and necrosis. The relationship between the temperatures and the
histologic changes were clarified in each organ studied. The histologic changes were most remarkable
in the small intestines, then fairly noticeable in the stomach, muscles and adipose tissues, and least
remarkable in the liver and spleen.

The heating characteristics of 13.56 MHz induction heater, Model HEH-500C and the results of
histologic retrieval present the important, basic data for consideration of indications and features of
clinical application.
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Fig. 1

Heating experiment of mini pig.

A : RF generator and control unit.
B : Electrode and water bolus.

C : Thermometer and printer.
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Fig. 2

Large-sized cooling bolus.

a : Cooling water circulaters.

b : Inlet and outlet of water in bolus.
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Fig. 3 A : CT cross section of pig's inguinal
region : The arrow shows a venula needle
in the vertical direction. The arrowhead
shows a venula needle in the horizontal
direction.

B : A-P view of pelvis : (a) shows a venula
needle inserted in the vertical direction. (b)
shows a venula needle inserted in the hori-
zontal direction at the depth of 4.5 cm

from the abdominal surface.
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Fig. 4  Temperature distribution in the inguinal
region in the vertical direction, when a

large-sized bolus is not used.
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Fig. 5  Temperature distribution in the inguinal
region in the horizontal direction (4.5 cm
deep), when a large-sized bolus is not

used.

RER—-7ARFEALLBADEEHAOEE
S3#i% Fig. 612, KFEFRADEE S % Fig. 7
WWHER UL, Bz 400W TREAL, 5 5Lk
BAHIO 500W THEL 72, B KB K — 5
AEFHLZVWEHR IS 200 TIMEEBR 1T
27D T, MMEETIZT Tz 2°CIEshTn
5. BEGAORE S (Fig.6 ) TiZ 54, 15 42
DOIETH 1°CULND LR TH Y, 425°CH Ik
EEE->Tw3, BHHll»S 1~4cm OEED
LCERELAL Twa, AFHADRES (Fig.
7) TRABR - 2D RWEE LRAEHLET
LYCRERVWERABASN S,

4, KER—7 A HEOHEED IR IRE % g
¥5&, 2DOM#IE Fig. 4, Fig. 5 X Fig. 6,
Fig. T2 I& T2 LBHETH 2, bR —5 2%
R LR WSS IR O ER > TRE
ERL, BRI EHOKERELS Scm 2 TOR
EX@igc EELTwa, HicH L TAB RS
ARBERTHEIMERHLZERL THEE LRI

(64) — 400 —



Jpn. J. Hyperthermic Oncol. 5 (4) : 1989

Lo ——
water bolus
o 95}
<
3
=
2
g 'g ‘—\ 15min.
E} §min.
40
before
heating

¥—g—"2 4 6 8§ 10 12 14 Distance.cm

Fig. 6  Temperature distribution in the inguinal
region in the vertical direction, when a
large-sized bolus is not used.
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Fig. 7  Temperature distribution in the inguinal

region in the horizontal direction, when a

large-sized bolus is not used.
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Fig. 8 Heating of abdomen, when a large-sized
bolus is used.

2 : Anterior wall of stomach.

3 : Posterior wall of stomach.

4 : Jejunum.

—HARBR-FARFRALEEOEERE Y Y
H—DREOHRE Fig. 9 1cFR Lz, FAHIX
BEEOHR L X cRBC LA T 508, 20Mo
£ HIRFR Y THHICHERB L T %, 500W, 60 20N
BTHEMD 4.9°CLRd BRICED, RizHAE
Y 228513 43.0°C, AT X 41.5°C, KEEEIX 41.4°CT
bHotz,

SRBR -7 AEROE RO IERIRE % LL# T
by, KMR=7 2 2EAL 2VHEIETEE
B ACLU LB IIMBTE 225, REKR—-7

(65)



Jpn. J. Hyperthermic Oncol. 5 (4) : 1989

ARFERTLE, MBELEEREN®Z2HICR
D, MERUB T 43°CULEIIREN S M, Z
DDER TIE, 42°CEDIMBIZ LY E > T3,
KER—=FAZhB DDA - HBEEN TS
Dobrb,

c
50
a5t 4 dorsal muscle
b4
3
s 40
§ Fhdominal wall
':' 1 abdominal wall
35_ 2 anterior wall of stomach
3 posterior wall of stomach
4 jejunum
5 liver
6 dorsal muscle
304 7 rectum
o — - --500W —to OFf —
o : , N ;
10 20 30 40 50 60
minutes
Fig. 9  Temperature distribution in the inguinal

region in the horizontal direction, when a

large-sized bolus is not used.
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Fig. 10 CT image of abdomen of mini-pig. The
arrow shows a venula needle inserted in

the vertical direction.
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the vertical direction, when a large-sized
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Table. 1 Histologic changes of the various organs of pigs and maximum temperature.

1. Weight 30kg, Heating time (60min., 45min.)

Ti Edema Bleedi Necrosis Maximum
eedin e
Organ tssue Congestion 9 temperature C
mucosa - - -
Stomach | submucosa H - - 447
muscle layer - - -
mucosa + +H +
Jejunum submucosa + - - 45.8
muscle layer = - -
Liver + - - 43.2
Spleen + - - unknown
fiber + - +
M 49.4
uscle parenchyma. + + -
2. Weight 43kg, Heating time (45min.)
Edema Maximum
Organ Tissul Bleedi N i
9 fssue Congestion eecing ecrosis temperature C
mucosa - - -
Stomach submucosa + + - 44.4
muscle layer - - -
mucosa + +
Jejunum submucosa - - 44,0
muscle layer - - -
Abdominal
fat + + - 51.0
fat

— . no remarkable change, + . moderate change, H . severe change
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HETHBRIEZELZHTH 2 (Figl2 A,
B). BB 3EHLESALNL L,

Fig. 12 A : Intestinal mucosa showing degenera-

tion and desquamation of superficial
epthelia (original magnification X130)
B : Karyorrhexis is prominent in the deeper

zone (original magnification X260)
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Fig. 13 Rather well preserved gastric mucosa.
Remarkable submucosal edema. (original

magnfication X40)

Fig. 14 Conspicuous bleeding with myolysis (orig-

inal magnification X260)

z ®
BEBEOEKRICA T, £ERNOBESF%
HoMIZT 2 L EANCEELERTH S,
IOkOIE, MBEEOREMM2 T 2120
FLAERFLTERICADERER T2 2 ¢
B, BEOL IR bBELHTETHL S, o
HETER7 7 v b—AR L 3RESFOHE &
BYERIC L 2BESHOEN L BERSND,
ERX7 7V —ALTRZANVE—DRINSH
(SAR) EBMEZEIC X BB/ SY —> 2H B DI
REFTHL, 20FF, ERCRBESTER
WO AKIZEL ORE, M% LD, KR

— 404 —



Jpn. J. Hyperthermic Oncol. 5 (4) : 1989

TO RF OAHHPERO THEMEZ» S THBY), A
PRI VBN O NG RER TR & EH O
BELXHSPICT S L RRAREOBEKIGH I
IO TEERILTHL, WOBWTIT> 728
VMEBROBEIALIEDPHEEL 2R TR 4
RO E S RYODELSRECROND L, BE
TR EAF LA DOBE D % REAICH S 2z L
RATREDH R RS RELLBMEED 12
ThHbEEZLDL, TNTIMREROFERICONT
DS L L 2N EET 2,

1, REMBEEOMEICOWT

HEH-500C ZHE&ER/NEBETH->T, 7 7Y
T=F 7 VEY TV HG I — R TR & &
LTW3 I eh s HEBNRWEED B HW S
N3 Z e, Bl S HBHRFEREL A%
B & 2R OMPMEEERE C ORREEL L
R E 2 LW, XEBEEDOBKIT
FHEE A7z L hE T3, HEH-500C &L
7z RF FEMBEE 2L AL Tw 21, BE
HEEICNLT, —AOT7 7V r—8DR&EE %
EZ5IL D BRIELSTRETH L9, L
WLT 7Y r =5 DRESDBEFUCHIME L EHET
K, BORBICES>TWS, HENESOYE
% EETANRICER 15ecm & 20cm O 7 7Y
=S TREATINRT %L, ER 15cm 7 7
V7 —ZIGEVERE, T~ 8cm DFESICLE
L3 CoENASNT (Fig.4)., AKFEHAD
REMED SBHOK X SITHY T 2 G5
mEans e yBEsMLE (Figb)., €2 T
MEOBEZWEHOT7 7V r—s 2 K& L,
R—F ATEBLAEEEAOEHLZ D, —HMNE
DEBIZNE T 7Y 7 —F OTFEHOBEE B
FT2TRE2 L URRCEREERETT 22 ¢
WD ARNETH S,

2, FEMEENMEIZOWT

LR EA S £ OBEEINE D w T Ok
E&9n% <, RF FEMEBEARO»7% 0 ORTEHH
LMIZENTWS, BIFEOBE, &, &8, %

— 405 —

HANA = =373k 5 (4) (CFEILE)

fn e oRE, feolf, EEoKEsLz
DR A% £ T 90-101910  fa8 0§tk F
PoT7 7V =S TREATIRT AR T,
BEMMHEETHD, RIBE cEHIERC
B0, R EERS AR S,
BENOEE EFIZ RF BBEEICE-> THA,
BBEDREHNL L 522, NEDEZROD HEH
NS, MFED RO TEBSERT L L h
EoTHIIERIMESNE £EZL 5, B
DEELRIEMOREY # RF BRSNS 2
® L BRI DBIBD 728 TdH 2901919 I 5%
RF FEMEOMERFID 1 DOAKELTT T
NV r—8RI=FKOERLY BT, BREERY
DE L DAL, EHRRESHEMELT, L&
WYERREMizBEONLIEEREL TW
%, NMEIRROIGRCIIMENDH 255, TBIZE
DHETH D, M R BRI L, 1—
3CEBTHA L IOEE L AETH 2199,
KEKX—5Z2DMAEIR RF FEIMROK KD
RETH 2 RKRELE L R ORE, RU7 7
U7 — 4 OIEE D BE (edge Z1E) 2 BEHT 5
B THER R HENOTH L H, KMR—7 2D
HHTHERELSTAMETE RO L ELTH
% (Fig.6, Fig.8). MEDEHELMET 201
R=7 ADEA, REWHZ L TRAHNDHE
RTHY, BARMEERDEI DI, bok X
D REGEORENLETH S,

3., HBENELICOWT

42°CLLEDRFTINR I - TR Z % s O HL#
B EHS T B Z L 3BY TEELEM
Thab, FHEEROEEBBFED limiting
factor X% A0 5 TH5, BE LHBFNELE
DR ZIH S MICT 5 S THYO2HIMEDER
BREIBFIEDOE 1REEMRETH 5D, FHr
IMEERAL O MR E L L LT, hE, Wi, 5
3, SRR L ENH T o T 52022029,
FLIt 0 RERIEREC AL 728 L EEEZ L
RHOPICLLATEETHY, INETRES
ENTBERIBE LN SEET 5,

(69)



(70)

Jpn. J. Hyperthermic Oncol. 5 (4] : 1989

FTHRTEWRBOELTHS., HARSWIFEL
IMBEE T =KEMRL, F&H 50°CLA LD
BOKEEBERE2E U, ABFHFFRR L
LI T3, Storm 52D RDEERT I, 50°CH
FOMBTKE LHADERRZH Tw5, it
DEBRTIXEROIED 51°Cic L& U 23 #
FHNCEERRZEERD Ty, bo bl
i DEEFER MR AL I IR b 2 B R 2 8
LTRIAZETHS D HEDERT 49°CUE
IR SN HATIE, HOWE LB HImH
&5tz Martinez” i RO N, RBRAICHE
BOEAL L thermal dose & DBERZEEFL T
5, ZORFER 45°C+30 7LAT D thermal dose T
HPNEHAOECBELL LEE2REZTESR R
VWEREL TV A,

RF FEMBEBIC L AEROMETHRIVEE
ROBEBOERTH 24, REDRRETINRE
RICHKRE bR DIRFE & Bidk, KIET OFEHFED
sz, BH, BILUBLENCT-> RBWERTY
FIARDHBAT R A/ CEELM]EL T 29, I
W 5293 mice @ 43°C + 25 D £ HIMEEE
FEMIT 30 ~ 40% M5 L, ZDERERE LT/NE
LEOBEEH T T3, Field®, Hume 527291
YU ARBAKITRL T, 42.3 ~ 44.5°C+30 2N
Uiz, MBERCEESA SN, Vili 8§81,
Bz Cypts O L ROBEFEBHS iz D,
mitotic activity 2% < %2 L BRRT W03,

RF FEME TR, &, B THEER
hot spot (2 2 FIREMED B D, FRICHBN A A PR
BEDPSTEEIMETNETH 2100, EE
BiEkx HEBRCCAT 2548, FalcE s
MOBZEREL, OB 38 m &6 & 5
BIcEmL T, MEERMEEL2L ) LERD
% 530,

ZDWFFET 13.56MHzRF FEMEEE HEH
-500C O AMiE R & BRI D BER o MR E
ZAEEBEHL, AEBOBRKICHOBE L HEIG %
oML T3,

HANAX=F =373 5 (4) (FRITE)

% @

VEEHLE 1356MHz FEMEEE HEH-
500C O PR EME & AR I 5 RS EP B8 o) JH
BRE 2TV, ZRZNROEBHREHS »ITL
7z,

IR fAE 43kg & 30kg D 2FHD =
FKICDWTE 5 @D OIMBEBRE R 5 ROER
BEHEND, 1) RKEMR—-FRA2HRALZVE
BIIIEE L BEHE I 43°CULEIRESwem
Bans, 2) BEMZODTOARER -7 A% f#
AT 2R TIRES, RET e bhoEH%E 42°C
DEwchmiss e 3RETHS, 3) REKR—
F AR RETE & AR B OB DB 1k 1 &I D3,
EREBOMBRELZELCELT5, KEA-
TARWEDEELZEEL TxoMrREDH
ENLETHS, 4) Mg, BREZCEHEBICR
% DS RE & RERE DA RIHMEE BE L v,

HBFENE  MBEBRETo L 2HD I =
DF, /NG, B, IEIER, I, RO &
BOMBFERERTo 72, IRICHEIFREL
T L, dil, #EEO 3EHENLEL T
D, BEHCOVWTEE cHBOE{ORE LB
FEHLpIZL, NEBROELIEL, F,
A, BBlOEs’ICDE, L BEoEL
k0,

13.56MHz FEINREEE HEH-500C O fniE 5
T & e O MM ERRBRR X, AEBOBRKIT
FAO#EIGLFRERE 2 2EELERERTH S,

# BRI D) HEEE B R
MUELAMEE AEBER MHEBEAE, REE
R NREEEL O RMERIRFE RE
FRE HSMELE BEFESRR RER
ERZAECHES L LET.

X

1) Bl B BANEX BKEY, —F&
&, FE B, KEREN, ¢FE£ &
PERE S 12X 9 2 HEH-500C 12 & 5 RF
IREOERISH. BANA =% -3 75

— 406 —



Jpn. J. Hyperthermic Oncol. 5 (4) : 1989

10).

4 (2):119-129, 1988,

Abe, M., Hiraoka, M., Takahashi, M.,
Egawa, S., Matsuda, C., Onoyama, Y,
Morita, K. and Kakehi, M. : Multi-insti-
tutional studies on hyperthermia using an
8-MHz radiofrequency capacitive heating
device (Thermotron RF-8) in combination
with radiation for cancer therapy. Cancer
58 : 1589 —1595, 1986.

Hiraoka, M., Jo, S., Akuta, K., Nishimura,
Y., Takahashi, M. and Abe, M. : Radio-
frequency capacitive hyperthermia for
deep-seated tumors II. Effects of ther-
moradiotherapy. Cancer 60 : 128—135,
1987.

IR, AMEER  RF FEMREED
ERC BT 2 HEHE XK, BHENA X—
Y- 7FEEFEL (1) 0 155-165, 1985,
YAEF, FHCH EREMECHY2

77 ha B ORBEE (WL TER,
53—60, 1982, AR,
FrER=, NFEX, R BE HEE

B, i B, R@RE, hEERX, B
g, RHEZH, XHELME, NEFILEA D RF
MEEEO 7 7> b ARBRESHORS, H
BNAN—F— I THFEFEL (2) 1231—
239, 1986.

Herbst M. and Bernhardt J.: Temperature
distributions produced by 13.56 MHz EM
radiation in various phantoms. Br. J.
Cancer 45 (v) : 41—45, 1982.

MEEE, 2l ¥, FEHER . RF IR
FEOHZE (55 1 3). Thermotron I & 3
IR L EREWIT R, HABRRESE
18 (7) :1904—1914, 1983,

Kato, H., Hiraoka, M., Nakajima, T. and
Ishida, T. : Deep-heating characteristics
of an RF capacitive heating device. Int. J.
Hyperthermia 1 (1) : 15—28, 1985.

Storm, F. K., Harrison, W. H. Elliott, R.

11)

12)

13)

14)

15)

16)

— 407 —

AANA =4 — 375 5 (4) (FRTE)

S., Silberman, A. W. and Morton, D. L.:
Thermal distribution 'of magnetic-loop
induction hyperthermia in phantoms and
animals : Effect of the living state and
velocity of heating. Int. J. Radiation On-
cology Biol. Phys. 18 (5) : 865—871, 1982.
Paliwal, B. R., Gibbs, F. A. and Wiley, A.
L.. Heating Patterns induced by a 13.56
MHz radiofrequency generator in large
phantoms and pig abdomen and thorax.
Int. J. Radiation Oncology Biol. Phys. 18
(5) : 857—864, 1982.

Urahashi, S., Kamata, R., Tanaka, S., Sato,
K., Kumagai, Y., Sanuki, E., Hashiba, M.,
T., Takashima, H.
Koide, F.: Basic problems in radio fre-

Yamaguchi, and
quency induced hyperthermia by a
capacitive electrode method. Proceedings
of the 6th Annual Meeting of Hyper
thermia group of Japan, 63—64, 1983.
Nakase, Y., Kimura, J., Yamashita, T,
Hayakawa, Y. and Mochizuki, S. : Heat-
ing pattern in pig abdominal organ by RF
heating. Proceedings of the 1st Annual
Meeting of the JSHO, 212213, 1984.
Suzuki, K., Nishimura, K., Shiomi, M.,
Ishioka, K., Shida, T. and Saitoh, M. :
Experimental hyperthermia using 13.56
MHz RF in swines, Side effect at skin and
subcutaneous tissue of back. Proceedings
of the 3 rd Annual Meeting of the JSHO.
89—90, 1986.

Uchiyama, S., Takahashi, H., Honma, H.,
and Sato S. : Temperature distribution in
dog spine by RF capacitive heating. Pro-
ceedings of the 3 rd Annual Meeting of the
JSHO. 148 —149, 1986.

Uchiyama, S., Takahashi, H., Honma, T.,
Yashiro, K., Sato, S. and Saitoh, Y. : Bone
and spine heating by radiofrequency wave

(71)



Jpn. J. Hyperthermic Oncol. 5 (4) : 1989

17)

18)

19)

20)

21)

22)

23)

(72)

(RF) : Experimental study. Proceedings of
the 3 rd Annual Meeting of the JSHO, 85
—86, 1986.

Yamashita, T., Nakazawa, M., Hashida,
H., Kawaguchi, T., Sawano, S., Yamada,
S., Kaneta, K., Hori, M. and Takagi, K. :
Intraoperative radiotherapy and
intraoperative hyperthermia for pancre-
atic cancer. Proceedings of the 5th Inter-
national Symposium on Hyperthermic
Oncology, 497 —498, 1989.

Matsuda, T. and Li, D. J. : Hyperthermia
as a modality in the developing countries.
Proceedings of the 5th International
Symposium on Hyperthermic Oncology,
803 —804, 1989.

OIS, SRR, LHES, ILARRA:
RF BEARRINBEEE I & 2 FEHIMEEM O
HE—F ==V A R=F A2 L3 edge
MROWE L 2 DBRHERAMICOWT,
HAENAN=F—32 751 (4):187—
191, 1985,

Lee, C, K. K., Song C. W., Rhee J. G. and
Leviff S. H. : Clinical experience with
Thermotron RF-8 capacitive heating for
bulky tumors. The Radiologic Clinics of
North America 27 (3) : 543—558, 1989.
Fajardo, L. F. : Pathological effect of
hyperthermia in normal tissues. Cancer
Research 44 : 4826 —4835, 1984.
Meshorer, A., Prionas, S. D., Fajardo, L.
F., Meyer, J. L., Hahn, G. M. and Mar-
tinez, A. A. : The effect of hyperthermia
on normal mesenchymal tissues. Arch.
Pathol. Lab. Med. 107 : 328 —334, 1983.
Martinez, A. A, Meshorer, A., Meyer, ]J.
L., Hahn, G. M., Fajardo, L. F. and
Prionas, S. D. : Thermal sensitivity and
thermotolerance in normal porcine tissue.
Cancer Research. 43 : 2072—2075, 1983.

24)

25)

26)

27)

28)

29)

30)

— 408 —

HANA S —%— 373k 5 (4) (FREITE)

Storm, F. K., Harrison, W. H., Elliott, R.
S. and Morton, D. L. : Normal tissue and
solid tumor effect of hyperthermia in
animal models and clinical trials. Cancer
Reserch 39 : 2245—2251, 1979.

Tsubouchi, S., Kano, E., Nishimoto, Y. and
Nakamura, W. : Whole-body hyperther-
mia induced early lesion of the small
intestinal mucosa. Proceedings of the
International Conference on Cancer
Therapy by Hyperthermia, Radiation and
Drugs, 111—117, 1981.

Field, S. B., Hume, S. P., law, M. P. and
Myer R. : The response of tissue to com-
bined hyperthermia and x-rays. Br. J.
Radiol. 50 : 129 —134, 1977.

Hume, S. P., Marigold, J. C. L. and Field,
S. B.: The effect of local hyperthermia on
the small intestine of the mouse. Br. J.
Radiol. 52 : 657 —662, 1979.

Hume, S. P., Marigold, J. C. L and Mi-
chalowski, A.: The effect of local hyper-
thermia on non proliferative, compared
with proliferative, epithelial cell of the
mouse intestinal mucosa. Radiation
Research 94 : 252 —262, 1983.

AR, FIEE, FHHE=, ARRKE,
5B, HHEL, mEER, FEEE .
I EAOE U R R 12 & A B8 KB O BB
BHBFAZ, HANAL =3 — 3 72
3 (1) :49-61, 1987,

REFER, TII % MCEEO =G 2
LFEE, EFOHOA 148 (1) 1 28—
32, 1989,



