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Interstitial microwave brain hyperthermia; a review
Toru Satoh and Akira Nishimoto
Department of Neurological Surgery
Okayama University Medical School

Summary:

Interstitial microwave brain hyperthermia was reviewed with several comments on the implantable
microwave antenna and treatment planning. Results of the phase-I clinical trials were briefly summar-
ized, Further Studies would be necessory to develop the system for controlling the individual antenna
power independently by the each thermometry information, to accumulate the basic data for planning
and simulation of the treatment, and to make the clinical protocol for combination therapy of hyperth-

ermia and radiation and or chemotherapy.
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Schematic illustration of the implantable dipole-type microwave antennas(l); a-c) half

-wave length dipole-type antennas, d) coaxial slot antenna, ) hypodermic needle, and

f) choke-flange sleeve antenna.
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Fig. 22 Schematic illustration of the implantable dipole-type microwave antennas (2); a) multi
-element, multi-junction (cross-swich slot) antenna and b) multi-node antenna.
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Schematic illustration of the implantable dipole-type microwave antennas (3); a)
variable diameter-colored dipole antenna, b) cone or trumpet-like tip dipole antenna,
and c) sleeved coaxial slot radiator.
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Fig. 4 Schematic illustration of the implantable helical-type microwave antennas: a) connec-
tive-type helical coil antenna; Helical coil structre is connected both to the proximal and
distal ends of the coaxial cable, b) open-tip helical coil antenna, c) separated-type
helical coil (HCS) antennas; The distal end of the helical coil structure is connected to
the inner conductor, but the proximal edge is separated by a "'gap'.
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Effects of antenna gap width on the separated-type helical coil (HCS) microwave

antenna performance.*”Note an antenna with 26 mm gap provides an extended
effective heating area with a plateau peak.
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Table 1: Characterization of antenna heating performance in phantom®”.

Antenna type # trials Insertion depth Peak depth 50% HL Dead length Max SAR

(cm) (ecm) (cm) (cm) (W/kg/W)
HCS-30(1)/ 31 13 7.0 6.0 35 0.0 12.3
HCS-40(1)/ 41 15 7.0 6.0 4.4 0.0 8.9
HCS-50(1)/51 8 7.0 5.0 5.2 0.1 8.2
HCS-25(1)/36 12 7.0 6.0 35 - 0.2 11.0
HCS-35(1)/36 16 7.0 6.0 4.0 -0.2 11.5
HCS-56(1)/36 12 7.0 6.0 3.7 0.0 14.5
Dipole- 36 20 7.0 3.0 4.4 1.9 12.1

Several variations of the separated-type helical coll (HCS) antennas are tested ; number of coll turns
per bare insulated inner conductor length (mm), with the gap width in parenthesis (mm). Dipole-36
describes a commercially available half-wavelength dipole antenna with 35mm active radiator length
distal to the 1mm spaced junction. All parameters are obtained from the r=5mm axial power
distribution profiles. Insertion depth is a depth from the tissue surface to the antenna tip. Peak
depth defines the location of the maximum power deposition (peak) relative to the tissue surface.
The 50% HL (heating length) quantifies the total length along the antenna axis heated above 50%
of the maximum power deposition in the profile. Dead length refers to that portion of the profile
adjacent to the antenna tip which is heated to less than 50% of the maximum power deposition,
Negatie values represent an extension of the 50% heating length beyond the antenna tip. Max SAR
represents the maximum SAR (W/kg/W) obtained at the peak of each profile.

Table 2: Effects of insertion depth on the antenna heating performance in phantom?”,

Antenna type # trials Insertion depth Peak depth 50% HL Dead length Max SAR

(em) (cm) (cm) (em) (W/kg/W)

HCS-35(1)/36 20 1.5 1.0 1.3 - 0.2 101

10 4.5 4.0 4.2 — 0.4 11.3

16 7.0 6.0 4.0 - 0.2 11.5%

16 10.5 10.0 4.4 - 0.4 11.8
Dipole- 36 12 4.5 1.0 3.8 0.7 12.5

20 7.0 3.0 4.4 1.9 12.1%

16 10.5 7.0 6.2 1.7 11.7

# Data duplicated in Table 1. See Table 1 for an explanation of the parameters.
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Schematic illustration for the setting of the therapeutic areas and their temperatures.

Regardless of the high temperature in the tumor center (245°C), the minimum tem-
perature of the tumor margin should be maintained at the therapeutic temperature of
42.5-43°C, while the normal adjacent brain kept below 42.5°C.
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Iso-energy distribution (SAR profile) from a 915 MHz microwave antenna; a) single
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Schematic illustration of interstitial microwave brain hyperthermia. Recommended

temperature probe positions for documentation of the tissue temperature are shown;
axial center probe, perpendicular center probe, lateral side probe and peripheral probe.
Mapping of temperatures at these sites along the catheters is helpful to obtain 3-D
temperature distribution of the therapeutic area.
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Fig. &

Percent difference in tissue vascularity, mean transit time, and regional blood flow

within the heat lesion (low-density and ring enhancement) relative to those in the
unheated hemisphere evaluated by the cine-CT, as a function of time after a single
hyperthermia treatment (44°C X 30 minutes)''. These data suggest that the response
of normal brain to a focal heat treatment includes suppresslon of regional blood flow
and an ingrowth of new vessels (vascularity) within which there is blood flow but at an
abnormal rate (increased mean transit time).

— 362 —



Jpn. ]. Hyperthermic Oncol. 6 [4) : 1990

rYa—-NMENTR ETEESWEGRER LR
Vv, Fike &3, EER(KX)IC 4 °C, 30
S04 7 oFEINRET RV, &R
Uit &, tissue vascularity, mean transit time #
cine-CT TR L7, ZOBR, MR TORRK
BAMyi i, oElicl~T, IRk 4 8RR
L, mean transit time it 1-3 & M 8 o L,

vascularity (£ 3 BRIHEH THRA L 4 -7 (Fig9).

S&, BT VOBK TORE 2L CH T
D¥a2iVv—va /LB ERENT -5 2EH
THILHBBEER S, $h, EROMEHEBED
MEZECPBEMFCE LTS 70 L ¥
—mOHE AR, 2 Ea—F -2V DO
— N YATLADHELLBEEL B,

VA7 0iRIC & BREKAMEDERAES

Y4 7 0IC &S REBAINRER, BEb 2
LITHBARST RS L T, BF, 80
DO THK A (phase- 1 trial) #3A& 6 h
"t’ A 6 151.21!.2?].311.421.52)‘

1) FR#R kP iR B g

1981 %, Salcman & Samaras®"*? (Maryland
R) i, 6floBEREEMESFICE LT, 8B
YIlRGEOBREFEBICNL T, 140 2450MHz ~
420877 F (F4K=NE) 2HPic7Y
-y FTHA, BELUMRL ., HBEEL7
YT FORLE»S 5 mm BT reference
point THIE &4, 45 °C, 20 S OATHANE, H7Y
Hiz 45 °C, 60 43, & &I 48 Byt IC 45 °C,
20 O MRHIT b, HEPEHENES T =
F—ahilzh, HohralELRIRD oG H
o7z, Broca BT v 7 FoBEES N H
T, MER—AO FHEEEH, 2726 THR
WOSPHENFRD Sl 28, HFER 6 #Hd, 4
Blixih#% 187 BUEEF L7,

%7z, Winter 5% (Orange £ > ¥ —#&h¢) 11,
12 HID BRI (3T L, AR RS LR
HBEGFHL T, 1-6 AD 2450MHz v 4 7 o
T+ (FAX=LB) REMGC (26), b
LSRZV—nryFT(10 fNEEL, 1-12 [H

HA 48— — 273 6 (4) (FR24H)

O 1EMMR%E TR o7, 2HORTITR 725
NIBEBORERICESE, 707 F 77V —
F—NOMENH 45 Cri b L I ICIMBEEH
WEI NI, WoT, BRAITIE, ~4 7 ofH
WW7y7+ 77V r—/—RORETHE S
i, MBHEORER—YHES LT AL, &
fHEZRS>h T, 12 #$ 9fiT, MEOHE/N, B
MPHEEROAEBNGSN TR, Lo Lah
5, REFERELY L ONEEITESICHEL THS
pizhEL, 7, RESACHEBRED T -5
BELSNTLELLY, BB L 2EFDROF
fiilxHEE L Bbhl,
FEHETE, BRSO (FILKE), AR (|
KERF) WL DPEHITHAASATVS, AR
520, KR EE O B (RERER) 8 1 fud e
B, A7 L2FRALE1ED
2450MHz 4 707> 7+ 2 EMWICEHEL,
7y7 LD EEALRE 11 mm B refer-
ence point T 42 °C, 60 2 : 7 5MiE%E 3 [
1T -7, g, EENEPKENE= -2
nih, BrEga@Evonthok, 17 %
DHEEC T Tid, 42 ‘CULLICINE & vz s
WKHSLT, BRELEZEZONAEHN2 cm DB
WU b s hiz, L, ZORBEEIEYN
MRGEESEAOEBOERIC LD 8 Y ABIETCL
e,
2) FEE RO AR AT £ AR PR o BF F 51
FHRR Y O RS & OF A U 7o B Y iR
Eikix, BB BEBOEEDREBLIOHLS
¥, BERERORELHIE T X BARES &
BTaLETERLEEZON TR,
Coughlin & Roberts & 728 (Dartmouth-Hit-
chcock K%¥)ix, 915MHz ~4 707> 7+
(FAFR=NB) OF T+ 74 (46 &)
#ROLEBNIG - 192-Ir % B 7 8N
GHRIBS (60Gy) & O fEF k% B S B E
18 BlfT% o 7z, B & (X HATRREE T TEMAIZH
AZNTAT—F VR, 707 v 7 +58
L, EHEIET 42-43 °C, 60 D INR% 4
BB BESE ORTE (28) {T4ho7, 20

— 363 — (13)



Jpn. J. Hyperthermic Oncol. 6 (4] : 1990

$HE, BN TO MR ERSIRE X 46-56 ‘CICEL
fr. Dk, BEENE, G, visual evoked
response 4 EME= Y —E N, FHCREE L
wohmorz, 18 Bt 4§l T @O MEEE
KoBER%E, 4FlCEANELLE-L, -,
1 PICHREE AL, 77+ 7r4ick
DIEFRE RO IR AT H - 7245, HBMA
LD —2imERBohah -7, IREES
i OFFiD 5, HHEEL Y H—» o OEEER
® feedback X X 2207 > 7+ ML 12
A4 7uEH0ayEa—y—ay bo—n .
VAT AOBEEBLETHL LEBL T3,
7, Sneed (A YV T+ N=T RKRE¥EHY 7
7y AR I, BRERES 23§ - BR%

BARNA A= — 27 6 (4) (ER2%)

LR MERAIE S 6 i 4 L, high-activity 125-1
IZ & 2 BEHLN RIS (32.6-61.0Gy) & A
LT, 1-6 AD 2450MHz %7213 915MHz <4
70T TS T4 (N ALED) &ERME
(CHE L 7o, BOHEEEP IR X, ER RS 42.5 “CLL
TT, B2, BHENREMEEE 425 CLLEE
AL MBEFHEL, 30 SMMEEL > (Fig.
10), BEAMRREED LRE 45 °CH5 50 “Cic
gl& EWF3Z LT, HERRE, 425 °CULEicimg
ANLEHEEE 45 %5 66 %~L LBLY:
(Figll), ¥4 bs, AEEFMKOEG 2R &
Loo, BEAGEREEICMET 201013, B
BHEEANO hotspot BB EBL VLD LED
N, BHHER 59 % (LA MR 9, B

50

1 Skull, Tumor

| Scalp

45 -

40 -

Temperature (°C)

Anterior Edge

Tumor Center

Posterior Edge

35 - g T T T T L T T T
0.0 1.0 2.0 3.0 4.0 5.0
Depth (cm)
Fig.10:  Linear temperature profile along the thermometry catheters of one patient, showing the

distribution of steady-state temperature at 5 mm intervals with in the tumor, skull and
scalp.*’Note the excellent localization of heating into the tumor at depth and sparing
of overlying tissues. The treatment prescription is 42.5°C minimum tumor temperature

(horizontal dotted line).
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Fig. 11: Percentage of measured sites greater than or equal to various index temperature
versus index temperature for two groups of patients®. Heating success of 66% is
obtained after allowing maximum tumor temperature up to 50°C (2nd group), as
compared to 45% with 45°C (1st group).
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Table 3: Summary of reported phase-| clinical trials of interstitial microwave brain hyperthermia.

1. Hyperthermia alone

Reporter # Cases Previous # Antennas Combined Complications Prognosis(Ave.)
therapy (MW MHz) therapy
Salcman & 6 ST+CT+ 1 CcT(1) TND (1) Died 4(13M)
Samaras (27-56 y.0.) RT(6) (2450MHz) CSF (2) Alive  1(27TM)
(1981311983°%) Other(1) Missed 1(18M)
Winter et al. 12 RT(5) 1-6 None None Died 12(4.3M)
(198552 ) (7-71 v.0.) RT+CT(T7) (2450MHz) Effective 9
Nishimoto et al 1 ST+RT(1) None None Effective, but
(198924) (55 v.0.) (2450MHz) died(BM)
Cooling System
II. Hyperthermia combined with brachytherapy
Reporter # Cases Previous # Antennas Combined Complications  Prognosis(Ave.)
therapy (MW MHz) therapy
Roberts et al. 18 MNone(10) 4-6 MNone(T) TND  (4) Died 14(11M)
(1986211198928 )  (31-73 y.0.) ST(3) (Ave. 5) 192-Ir PND (4} Alive  2(18M)
RT(1) (915MHz) (19-73Gy) CSF (1) Other death 2
ST+RT(3) +RT(44- Others(2)
CT+RT(1) 60Gy)(11)
Mishimoto et al. 1 RT(1) 2 192-1Ir None Died(10M)
(1885 ) (42 yo.) (2450MHz) (25Gy)
Cooling System
Sneed et al 29 ST+RT(15) 1-8 125-1 TND (9) Died 11(9.5M)
(19904 ) (18-65 y.0.) ST+RT+ (Ave. 4) (48-61Gy) Seizure (4) Alive 14(12M)
CT(14) (915 & 2450MHz) Infection(3) Other death 4
Other (1) Effective 15

ST : Surgical therapy. RT : External radiation therapy., CT : Chemotherapy, TND : Transient neurclogical deficits, PND : Permanent
neurological deficits, CSF : CSF leakage.
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