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Clinical Studies on Radiofrequency Capacitive Hyperthermia
for Deep-seated Tumors
Part I. Studies on Thermometry

Masahiro Hiraoka, Shiken Jo, Keizo Akuta, Kazushige Tsutsui,
Masaji T'akahashi and Mitsuyuki Abe
Department of Radiology, Faculty of Medicine, Kyoto University

Research Code No. : 600.9
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Regional hyperthermia was delivered to 32 deep-seated tumors in thoraco-abdomino-pelvic regions
employing an 8 or a 13.56 MHz RF capacitive heating equipment of our design. Tumor center tem-
peratures were continuously measured in 154 treatments to the 32 tumors by thermocouples inserted
into tumors through angiocatheters, while thermal distributions within tumors and surrounding normal
tissues were obtained in 135 treatments for 28 tumors by moving thermocouples. Thermormetry results
obtained were summarized as follows. (1) The mode of maximum tumor center temperature over 43°C
and 42—43°C were obtained in 12 (37%) and 10 (31%) tumors respectively. Large tumors over 10 cm in
diameter or tumors underlying thin subcutaneous fat less than 15 mm in thickness were heated easily up
to 42°C in the tumor center. As regards anatomical sites, tumors in the colorectum and thorax were
heated best, followed by tumors in the liver and stomach and tumors in the pancreas were heated least.
(2) Selective tumor heating was obtained in 21 (75%) tumors out of 28 tumors, while excessive heating of
the subcutaneous fat was observed in 5 (23%) tumors out of 22 tumors in which temperatures of sub-
cutaneous fat beneath an electrode were measured. Tumor temperature varied within 2°C in 21 (84%)
tumors and 2—4°C in 4 (16%) tumors out of 25 tumors. (3) The most common adverse effect was local
pain which was observed in 21 (66%) patients and was most serious limiting factor for RF power
elevation.

These thermometry results indicate that RF capacitive heating equipments developed by us are
useful to heat large tumors with less subcutaneous fat in thoraco-abdomino-pelvic regions.
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Table 1 Distribution of hyperthermic treatment
according to maximum tumor center tempera-

ture
iar::l:n;"zl?‘?cr)cmter Ne. of treatments (%)
Below 41 25 (16)
41 ~ 42 23 (15)
42 ~ 43 37 (24)
Over 43 €9 (45)
Total 154

Table 2 Distribution of hyperthermic treatment
according to time required for attaining maxi-
mum tumor center temperature

Maximum tumor center Time (minute)

temperature (°C) Botow 10] 10~20 | 20~30 | Over 80
41~142 1 9 8 :
42~ 43 3 15 1 8
Over 43 19 33 12 5

ALTeDH Table 1TH %5, 43CL EDRE -5
P DD 69E1(45%), 42~43C, 41~42TC
DOIRE EFX£3TE (24%), 238 (15%), 42C
B TFoRE LF L EGhih - o BIEEHIL25
B (16%) TH -7, 43CLU L0 MENT 5
Ao FoRECL, 850810 Il TE FR66[E 5V E i E E,
HECIFACEMOKETH Y, 196134 HiE
RexsboThoic,

41CH EDRE EF 23 5 hic129E 0 hnik &
BA, £41C, 42C, 43CETCoORELFFZEL
TeRERIBINC R L 7o D A% Table 2Ch 5, 41~42°C,
2~43CoRE LAFH T, FoRECET 50
C10~300%2FE T 5 b0 FrhFhekordy,
0% %<, —7H, 43CL EDRE LR C20
FLARD b O EEDT5% & E-RRTRE LR
n"E LR,

3261 D EZEH T B\ THE b iR E O BE
fE%7RL7cD M Table 3TH 5, 43CLLE, 1241
(37%), 42~43C, 10#1(31%), 41~42C, 54l
(16%), 41CLATX S 41 (16%) THh -1,

Table 4~63EEFREIRE & HEMA, B
DRKEEX, ETRIBOES LOBREYRLIS
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DTH5. 43CL LB KE TR BRI
ek, WGWCHEE, WHchH-7c. 42CLl Eom
B, Feksuwib@mRiefiiat, —7, M

Table 3 Distribution of tumor according to mode
maximum turnor center temperature

ht?;mmm::r('% CENET | No.of tumors (%)
Below 41 5 (16%)
41 ~ 42 5 (16%)
42 ~ 43 10 (31%)
Over 43 12 (31%)

DOINBTALICLL TS Flrp S E AR T H -7z,
CT TR PHEFER & OBIRTIX, 43CLL
FomE» T fooisem BLF, 0%, 5~10
cm, 35%, 10cm Ll E62.5%TH b, EErkx
WiEEFRBORE EAFRELORH N EAURE
fuic (Table 5), ETIEBEOE S & 0BfRico
W, 42°C L ED IR AT I 2 7o DX, Smm B
T, 50%, 5 ~10mm, 70%, 10-~15mm, 85%,
15~20mm, 40%, 20mm LA E, 50% T D, 15mm
LFoE 2 oBE& iR Eh g WERE R E i
(Table 6),

Table 4 Correlation between mode maximum tumor center temperature and

treatment site

) No. of Maximum tumor center temperature (°C)
[RSSCTATERIES tumors | pelow 41 41 ~ 42 42 ~ 43 over 43
Liver 13 108 3(23) 5 (38 4 (31
Pancreas 5 3 (60) 2 (40
Colorectum 5 1(20) 4 (80)
Stomach 2 2 (100)

Other abdomen 3 1(33) 2 (87)
Thorax 3 1 (33 2 (87)
Ischium 1 1 (100)

Total 32 5 5 10 12

Table 5 Correlation between mode maximum tumor center temperature and

mean tumor size

Tumer size | No. of Maximum tumor center temperature (°C)
(em) | tumors [ pelow 41| 41~42 | 42~43 | over 43

Below 5§ 4 1( 285 1025 2( 50)

5~10 20 3( 18) 3015 | 7( 35) 7( 35)

Over 10 8 1(12.5)

1(12.5) 1(12.5) 5(62.5)

Total 32 5

5 10 12

Table 6 Correlation between mode maximum tumor center temperature and

thickness of subcutaneous fat

Thickness of No. of Maximurm tumor center temperature (°C)
subcutaneous fat (mm) | tumors | pajow 41 | 41 ~ 42 42 ~43 | over 43
Below 5§ 2 1 (50) 1 (50)
5~10 10 1 (10) 2 (20) 4 (40) 3 (30)
10 ~ 15 13 2 (15) 4 (31) T (54)
15~ 20 5 2 (40) 1 (20) 1 (20 1 (20)
COver 20 2 1 (50) 1 (50)
Total 32 § 5 10 12

(58) BAEREE $45% 0I5
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Table 7 Temperature variation in tumor

Temperature variation | Tumor center No. of No. of
in tumor (°C) temperature (C) | treatments tumors
Below 43 52 13
Below 2
Over 43 23 8
Below 43 1 1
2~4
Over 43 25 3
Below 43 0 0
Over 4
Over 43 1 0
Total 102 25

2. EMPIS & CIESAEGARES TSR
280Nz H 1 B ET135EI D RIE Tk, IniRFH 5\
BIER TR A F 72— TR CREHYBE)
2, BEEAR L URABEEASAORESfiy
fE LAz,

D BENRESARIE
BEoMEIHIB ik b, BETYESE
CETHATE - BHAe, REHEESL
DNUERRNTSIE T E R h o B S YB
2501, Fr102EIOBEIE > %, MBETEOEER
TR EZE O AME 2 BEREBH s L OSEFICRE L
o@D Table 7CH 5, Z DBE, FEFIRICDWT
REFEEL B, 2 CURA OREZHMT5E
(74%), 2141 (84%) LBIBEETH -7ch, 2
~4COREZELXTT D L26E (25%), 464
(16%)ic@bbht, 4 CULoBEEZLRL
D1E (1%) DR THotz, i, 2CLE
OREENRERDI, 1E2BRVTTTE
K LERE ICHU LB EhidoTdh-
i,

2) S o BIRHIME

% & REEREBORE S iz RE X228
A, Frl1EIDRIE 2 &, B0 & K FIER
Thr < FABEIEE AR oBEEZY B L, EE
HAEREEML L » & < il & h B IR iR A
80l (72%) DRETHEDBI, 2161 (75%) >
WTIRER LA o R RIR IR S S R,
3) BT HERGE @ E:
BEEEEHEO LM%M L CREHFYIESNICHE
AL, BEET O TIEHEORERNE T2
722201, F86EIDASEI- -, (BT, FRE
EHEA® KTEWOFBREYHE LN

ABFN604E 9 A25H
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Table 8 Comparison of temperature in tumor,
normal tissue and subcutaneous fat

Temperature | No.of treatmemts (%) | No. of tumors (%)
T>NT>SF 4T (55) 11 (55)
NT>T>SF 1(n

T>SF>NT B (9 3 (14)
NT>SF>T 10 (12) 3 (14)
SF>T>NT T (8 3 (14)
SF>NT>T 13 (1%) 2 (9)

Total 865 22

T :Tumor, NT:Normal tissue, SF: Subcutanecus fat

Table 9 Increase in pulse rate after hyperthermia
according to treatment site

Increase in pulse rate

Treatment site  No.of tumors (beats/min.)

Upper abdomen 20 20,3+ 4.7

Pelvis 5 8023
Total 25 14.9

Table 8TH» 5. 86EIDRIER20EIT I\ T E T
B8 o EE b O3, FEEEESLI Y LE <
B3hic, 2200054 (23%) Wi\ TR THE
DREL R b @ VEALNED bh, 0 E TRE
BoE 31X 5-~10mm 2% 2 fil, 15~20mm 2% 3
Fl, 20mm LLEA 1 6Th - i,

3. EIfEM

1 BEER

BRI TR, 3E4flic, PREORT LY
RERdrz, 32002161 (66%) 123\ TEEE
EECERAY AR L2, 20, IR&THET R
R LI,

2) MFE, MRmEoOE1L

DR &R TR OMED T, BAMAET 1
Pl% k21200, M T £ F10L0A & 4 i
o fe, BAEMETINRIEERCT A5 EEICH >
oy, REmMER—EoEALREI ot IR
mBEELFBML, Loz 5 ~36 (RKk/
), F814.9 REB/ D) CThote, LBEERE
FREMOIE O BT, §Z S HIRHEE O H
IDEERTH -7 (Table 9).
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