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Radiofrequency Interstitial Hyperthermia for Brain Tumor: Development
of the Heating System and Clinical Application
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We have developed an interstitial heating system using 13.56 MHz radiofrequency (RF)
antennas for malignant brain tumor. The stainless needle coated by gold with diameter
of 1.0mm was used as the antenna. The needle was insulated by silicon except the electrode
and its diameter was 1.3mm. A single or multiple (2~4) antennas were inserted into
the brain tumor using a CT-guided stereotactic apparatus. The temperature of the brain
and the tumor were monitored by the copper-constantan thermocouple sensors. The RF
interstitial hyperthermia was performed on 30 patients with malignant brain tumors, 22
malignant gliomas (10 primary and 12 recurrent), 7 metastatic tumor and 1 malignant
lymphoma. The rim of the tumors which were defined by contrast enhanced CT was
heated at 42.5~43.0 C for 60 minutes. The heating was repeated 3~9 (mean 5) times,
once or twice a week, combined with conventional radiation or ACNU chemotherapy.
The recurrent gliomas were treated with heat alone. The patients complained no local
pain or heat sensation and well tolerated the repeated heating. No major complication
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occurred except liquorrhea in 2 cases, subcutaneous infection in one case, intratumoral

hemorrhage in one case and transient neurological symptoms in 2 cases.

The anti-tumor

effects were evaluated by CT and the treated tumors showed CR in 8, PR in 10, ST in

9 and PD in 3 cases, respectively.

In most of CR cases, the perifocal low density lesion

also disappeared. The RF interstitial hyperthermia seemed to be effective in treatment

of malignant brain tumors.

This technique is less invasive and the tumors in aged or

poor risk patients as well as deep-seated tumors can be good candidates for the application.
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REFIFT 5 RF HFEINBHEOBR & BERIGH % Bt

LTELVY, ZoFEiR, —xo RF A8REE4E
RrcE2, BsIUREELA < MEL EEmko
FEIROR BN - BERROBIRMINBRAFIRT 5 4
oTHY, EEYBEMERELED TARICINR T 5
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1. MRBEE
bhbhdiFAEHERE L RF 87 v 5 F2 B3
P INREE &+ OEBOPTR B LTl Tl
LD D o, ZZCiRBBCBENMTIREEDS.
RF Bl & LT, gold Ta—F+¢ ¥ 7 LIER 1.0
mm @ stainless steel OFREE A H\7o. BREIL v
VavTHEL BEOAZICEbETERE (RF &
B OB IEB/HE L. Va2V TEBLLBED
EffIX 1.3mm THH, ENRFHEEL A CHE
BRHIA, BETEAL5ELRTVA, RF B4
#EIL 13.56 MHz © RF &£ 22 5H7 50W L)
TOEHEDOS DRRIELLY.

EREOINRCE U Tid 1 KOBRA A5 single antenna

EOFER, BEOWRCE - EER -EROMK,
2ALLEOEREA FH\ % multiple antenna E T4
EEEC RF 2L, BaREsei.

2. MEBHE

KETIE CT FEEMNMFHEESFE VT RF 7 v
TR MEREICRA - REL, EEEINETS (&
RIE). RF &7 v 5 +hbEOARCEBIRY Y,
I EF L TR EEIA 5. RF $-3REDS
fE7T Y7 bl D & BRCEET 30, BROR
BB h s MR ke {KHFT5H. OEOS
WIEEBES TR, 7T b 10~15mm ¥ TR
Shan, Moz U -BEEAECmito sk,
EHKAVEBEN IR E L 507,
ELOEMBER T, 1&07 vFFTERBL%
3cm OEEAEYLBECHMBRERLOT, CT Lo
contrast enhanced (CE) lesion BE® 3cm LLTFD
BBEOBEI1EOT v F, FhIvRxvBaik2
ELUEOTVFFRLEL S,

3. MBOEELREAE

E BB B 42.5~43.5 T, 605 OMET
B 55 REEOEELYZT 5 (moderate
hyperthermia) . —5, W% &® - IEEAM - #iiz o
ORI 222 B TERY0, LT, HF
DOREWEE RiAA T, BB (BEH THEESRLRTE
5 ¢ CE lesion) Ol#&#% 42.5 CLLE (604) iohn
RL, *ORBEOFABEMEREY 42.5 CLITRRE>Z &0
BETHE BEVFEEERCEETLIHEL, BB
DFE% 43.0 CLAE (607) wBET A &L TRE
THH, 0BG, LOBERFEEBHRIG TR,
COEHETEBAORER, ROFESwoh T
WHRZLLI2ZDE, TV FFIEILdic, 4TCLL
toBERcih, EEERKIESCHECHS (high
tempurature hyperthermia). —77, HEEDBHE O
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HhW % invading zone 4 % EEMINIL 42.0~42.5
TEREOIRCE X L5528 di, FiEES
B LdoTidiy. LihiaT, KEZERE
L CHAHRE RO LR L BT A 0B H 5. RF
7V T TR A EORE S A & O 7e - phantom
®, B—KOFGHOH 5O EHEM R LTAS
&, TvFFERBLE LTROHROBESR S bR
59D 5, BIRGITHREE YIRS S & i, BREO
EmpCREE ke LT, EFEBMENET2HE&L 0 LA
WEIE N EE ORI - TR &N 5. RF L X 5R
ERHRLERICTHT 2 2 LBBR T, BKT
KR INR AT 5 & X ERCMORE » EENE S
BLENRDB.

bhbhit, RF 7 v 7 F%RET 2B RARRCH 2
v A & ¥ &~ thermocouple sensor # ¥ AREEF &
UBACRIA - BB LTV, ZoB, BB
BEhb7 v+ ELEATAHMEICL thermosensor
catheter #H|A LTk <. EEOMRBIELTE, =
@ catheter N% 2mm [Hf# 3> thermosensor %#3|
g bREXNET S (Fig. 1). Z0OF, RF
OHNE v bu—A LT, EEOTUBEMOEREM 42.5
CTHBE L 43.0C kb LT 5. Fig. 1 T,
K EXH 28mm (BE catheter ®H[H) OEHDI
B 10~15W @ RF o177 42.5 Cleinfi s h

55+

TWABZ EARENTWS, Fig, 2 T, EEH 40mm
DRKESOEBNR2EDOT V5 FTIMEER, 00U
A RF5W OHITH43.0 CieiBEhTw5 Z
EPRERTL B,

sk, &) — XEHAORERIC BT, thermosensor
#E| 2 HEELNLORETIESBEISh Tl sl
o, BESHOEBARTS A >TEETH Y, BE
DOREZLRE>BOT vFrpALLRT ek -1
9, BBEOLGELE TS RBECEL P> bDbLE
FNTW5.
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CRETER LYY+ —<220] (FIFI0F, BHI26),
ERENES 7 6, B VB BIOFH306% RF
MBS CHRE L. FEhii41~80 (FH64.4
%), BHEe3sl, w7 HITH .

1 AD$tEHA A\ 5 single antenna i & 4 IR
D148, 2 ~4 FOEBPAROBEBH A\ 2 multiple
antenna I X AMMBEAI6HTH L. MBRELE L
&fET 1 [E605, Bz 1~2[E, #3~9@ (FH5ME)
FELCE L. BREEETHEROICN L TIHRRAME
BT, FRGAH LB OREERR (50Gy/5
D B, {LEEEE (ACNU By 300me) &
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Fig. 1 A temperature profile in a smaller (28 mm in diameter) brain
tumor measured by the thermosensor in a radially inserted
catheter to the RF antenna which was inserted into the

center of the tumor.
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Fig. 2 A temperature profile in a larger (39 mm in the maximum
diameter) tumor measured by the thermosensor in a radially
inserted catheter to the antennas.

Fig. 3 CE-CT scans of Case 2, 7l1-vearold male with a malignant glioma
of the left frontal lobe. The larger recurrent tumor was heated
4 times by two RF antennas and completely disappeared after

the hyperthermia alone.

The perifocal low density lesion was

also remarkably reduced after the treatment. a: CT before
hyperthermia, b: Craniogram, c¢: CT after hyperthermia.

HAELTITh T,

2. £

1) CT & & A 5EE%FE O

%D CE lesion OF{Lx#EfLTA% L, CR
28, PR #1064, ST 94l PD M3FTHD,
#ZZE (CR+PR) 1360% Th 7. 7z, ST L5
TR 9B s s 56 T50% L0 D CE lesion HVER
Wb %#m LIz, ST, PD flo% ik, £ ) —X¥)
HoRFITH D, BERCT VT FORMED k-T2
T DI BN LR Eh A - 1o DTH 5.
LUFiERA 2R T 5.

ERIL : 718, B, EHBEEENS VA —~OHRE
#lch s (Fig. 3). ERCEELXFS>ARAMLIR
%77 CE lesion RIZ2 AD7 v5 & HEL, 54
B0 % Nz fo. IRBEROEFC LY, HEED2
H AT CE lesion %L, BEILECALRET
perifocal low density HiE%& L. EEITHEEREH9
B OB, BERIAERIATL A,

FEBI2 78Rk, FtE, HRTSHEEEM S ) A4 < WRE
Th5 (Fig. 4). FERABEETH D, 500Gy O
HRBE S FT LT RE ##8ANENTh . B
AT RVCARRCERERL, 2XK0T7 752
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Fig. 4 CE-CT scans of Case 3, 78-year-old male with a malignant
glioma of the right frontal lobe. The tumor was heated 4
times by two RF antennas combined with a conventional
radiation therapy and ACNU chemotherapy. The tumor and
perifocal low density lesion disappeared after the treatments.
a' Before hyperthermia, b: After hyperthermia.

W, 4 mEomEsAfThilz. CE lesion /60N
perifocal low density (ZIBEEHE 3 A B THEEL L.
2) BRACKITIMRCEBEA2Y bo—nsg
e g s E

B 7Y+ —< OMREFACE LT, INRIEEHRE
FUHEEEE LT LTITbhTE 9, RBE&EORIE
AT A LREEBATIRELY. 4% BEETO
P20 FIH»RET A2 Lk, mED b
FEEHMERDALEODPBELMCATHAD.

2T, BEBROBEATHORICEREE 7 ) 4+ —
<1260 2T, INRBORFT 2 v Fr—A s B idE
FRC > wTEBE Y . 12805, CT kB &
UHERACEE O« 03B b i h » IEEGNIE 4 61
H0, TOHLIFMIMBEEALN, 1558, 9HA,

6 HALBRICERESTERSERFI LTS, 46105
B 1Bl EEE4 H A TR TR LTV A,

1200 4 BRI, 4 GIAERED HEEh 1R
BieFeRE2mL, 2FFCL W5 BRFTERL
4B, FCwEESL1IHA, 8HH, 61A, 5H5A
O, BERBNTOBEEOTAFERD bR D - k.
Thbb, HEOREEH S OO, RFE HEHINRC
L0, 2AFSHITCEEOCRT2 Y bo—AhiiEdhnT
Wil kit B,

3) BBHHE

RF SRPIINRCHE 5 88, BUROFL L, BEO#

B Edel abnishot. 0FOEERERTA LN
B PHER, IR 2 6, B THESORRE L6, BE
PIHAM 1 B, —@fOmRHEROHB 2 flic & Th - 7.
ROV & A T RS, IR EE L TR B
BNTHLHT YT FH 5L thermosensor 21— Fi&
BoTRELLDOTHY, ThbrEETLII L
T BB L, —REomMEEROHEIL, BER
FOEEHEEO edema OEITIC LA L DT, MEKRT
Bk, WRLi.
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BT 5 &R L BFIRECS G SR, BRTE
& S BB R & THERE B A IR T 5 KR
IR S, BERCREELE < EERMRE &g
Hhg, BMEE R 2 EPERE & LT, micro-
wave T ¥ 7 FARLHFED T, BRERMEEL B
LREW LEELD RF 75 FE2HEVEFES L
DA TR TVA, Wy, EhOINREEEE, K2
WEEMC S, PEBACERERIBE STV ST
BE,
HBPINRED, EEY BRAOCIRE LT vind
FlEms 50, K, REESESILD LV REN
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BRICED D, ThbdBRCEENCE LELD
b, Lichi-T, BEENCRET 5 EEME foh 7t
PRIRIICINRTE L E WA @ LSS 5.

Micro-wave #&&PINRER T v 5 FOERHE mm
ERKEVI &L, microwave O PR~ OB EH:
DVNENEVH Z L REER S D, FlAE, 915 MHz micro-
wave TA2CLI B IMB T & 2o RABEERE, 7
Vi 1 AOBENH 13mm, 4 XOBE&HM 25mm
EVLHEED H 5, —F, RF & microwave &9
LR EEE AKX, bhbholitid, 1 X007
VI CEERN 20mm OEHES42TCL RiciiRE R,
EECIERY 30mm OBEANRIRS (Fig. 1).
R E S 00 UDMERENCEDALTEE, B
A BREBPICE C T & L 0 B A R R A R
ik, HEMEREMETH L MM S B H, Wit H,
LEBEA~OBOBFEENIEFINE L, e, MBOK
ko, mRERLVCEGEED Z L, —BRHES
FHDAATLE S EINB&REERE TE R VR EDKR
RNH 5.

RF ##BAMEEL, 75+ 0ERS 1.3mm &
M, ERCHCTLERBTH S T &, BISEELS
KEWI &, BHOTVIFFREAGIE ERTFEBERA
LR INBIROILANBE SR B Z Lk EOF|
REFTL, ¥, SEOBKEROERYA254, B
BREL+517-T, 60 UDINBE&HFOREL 2D
AET2E, BEALOBEET CT £E0 CR 5501
PR Mo % AR SN, 1, &EERIdR
i, IEEMTLEE O CE lesion &7 b3 AR
il L g TUEcE, BMchbl Ry br—
ABEBLRAZENRENLZEFERERS. L L
mHB, —HRICEE S Y A — < OFRETREATH Y,
¥ RERA~OBEEE TS 50T, AEBEEIREA
& LTI EHRERC L ERE LA L TRV bh B X
XTHA.
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OB Ui, EEFMNCHE LT less invasive
reductive therapy &7c 4. B UBHT, KEIEEE
% poor risk DEE, HLHLREZETHC L LRENR
b bbn 2RFORBEBEOMBILLERTHH, b
bl ClHMEEOEE AL TV 518,

¥ H Y [

RF ffAinEEd, BREECsLT4gFHEL
FLL L B oo gEnt b BAEECR Y, bhbhiohE
THE LT & RF BFENRESC, foB#SENINRE
T OBECEEVART L LNTE, £ENITR
WESREOREMELESCIBEENES - EARE
hitc ¥, FERGHEORES VL, B#ES poor
risk DBFIZEOCTLHTTELFENSE. Ll
s, K& ABECRRALBR A2 R EEO IR
BiLTit, 4BELEMBEOTRANLETHS. Fi,
BB R RET 2 EEMRo IR LTy, BEM
ROBIROBHEEHLED L TkRE L b, hoFiHE
EE OB L 2HEDREZT | FHIBINLETHD.
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