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Abstract

Progress has been made in hyperthermia research, but the thermal microenvironment of human
brain tumors has received little attention. In six patients with brain tumors located in the cortex or
subcortex, the thermal variations of the cortical surface in both the steady and dynamic states were
scanned by infrared thermography, which is essentially a noninvasive technique. Hypothermal area
was observed on the surfaces of cystic and necrotic lesions, which were delineated with intra-
operative sonography. Recovery of surface temperature after thermal loading was delayed in these
hypothermal areas. Blood flow in brain tumors, which was estimated by means of the new image-
processing technique of thermography, was lower than that in surrounding normal tissue. Knowl-
edge of the differences in thermal microenvironments and blood flow patterns between tumor and
normal tissue will provide a theoretical framework for the use of regional hyperthermia in the man-
agement of brain tumors.
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Table 1 Summary of six cases of brain tumor scanned by ther-

mography
Temperature (°C)
C Age/ . -
Naos.e ng Pathology ~ Location T Normal
umor
cortex
1 58/F  metastatic cortical  31.9-32.1 33.3-33.9
tumor
2 62/M  metastatic cortical  31.1-32.4  33.6-34.8
tumor
23/M  astrocytoma  cortical  33.1-33.6  35.6-36.6
4 12/M  astrocytoma  cortical ~ 28.9-29.4  33.0-35.1
47/M  astrocytoma  subcor-  34.7-35.6* 35.1-36.3
tical
6 26/M  astrocytoma  subcor-  32.8-33.2% 33.0-34.7
tical

*Temperature of the cortex above the tumor,

ZARTHEA L, real time (28 5t 5 B (sonogram) IZ
IWEBOREME, K&l ki, BH
FEE R R 5 2B (Thermoviewer JTG-MD, H AE
FH8 5 Infraeye 160, E-H#tHE) I L 0 EFHE LOH
TR EREE L, BMEERE 5 i (thermogram) % I E
L7 (Fig. 1). AEB R FEEGROICH T 282 FH L
X EFREBRESEYHGTER Y, BEE EbHTEL,
ERICEREE L, RESMHEREIEEZ)10.05°C
LER, EROREROBENTCHL T2, BEOH
FIITBRER(KE) 23 C: L, EAKH 2P TT -
fo. BESTOREE,E LGB, —HEEEY
KESLTCHERLL.

Fig. 1 Thermography apparatus used at surgery.

Thermography % FIf] L /iR E OGN IL, TR
FE A 107 8T O steady state KT 5 BEBHFET CORED
thermogram % H7- D%, WE L ER (25~27°C) DAEMN
RIEKTHHL, ZOEHEH DD dynamic state IZ 35\ T
BEREAE#0ERETHE, B56h7EH thermo-

gram D&, 2 vt —Z—{kh AT VAT ARLIDNE

Fig. 2 Case 1. Operative view. The tumor (arrows) appears well demarcated and yellowish in color.

Fig. 3 Case 1. Sonogram showing a lobulated, echo-free mass in the cerebral cortex.
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BEE - ERAEYT, MEREMKE% topographi-
cal CEGER LI, ok, AEOBEHEOHMIT T
WHE LYY, hEREOHE,NOAENKELES
SOEREBHER R, £AEOBFEZEE T 5 Brown
DHER L ZRITCICHE L TRV 2.

I & R

1. EBHRES

GEG DB DOERBM T, CT scan I, EAIGEEE
BRBUKDORELH », EEIIL enhancement ZhF % 7
Sdiehotc. BEE, BEYUMT2 CEBIMECH
h, BREPT, —HEREY - T\ (Fig. 2). it
sonogram (1 —HR H B CIEB & EH =2 — 7 ) —DRE
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R LT Ic(Fig. 3). EELYE#Ih L - ADMEREREN
33°CRTHHDICH LT, sonogram i L H AL ATEE L
TERT TOREII31~32°CE LB OITET LT\ i
(Fig. 4A). iz, IYREBHER L 20 CELE L T
thermogram % FCHT 5 &, WA TER L » BfkE 0
& LHED b Ehd TRINCER % 14 (Fig. 4B), &
LB THEIRO FAEAEE L T< % (Fig. 4C) Diewf LT,
GHEOBDAEARL CLEER CORERBRIED -
(Fig. 4D, E). Fig. 5SA (X ABIOFEFICRE T L HHedg k-
DIREER % A MREEEEBEO—H T, chbr
v =2 IR X 0B 5 N iR B A B R
Bk hEEEGRTTH L, BEROE LVCOKEEET
DL DB & Tr - 72 (Fig. 5B).

Case 1.
ing a hypothermal area corresponding with a tu-

A: Thermogram in steady state show-

mor surface. The central temperature (CT) was
32.3°C, the temperature width (TW) was 3°C,
and the frame time (T) was 2 seconds. Points
a-g represent recovery curves (Fig. 5A). B:
Thermogram obtained 20 seconds after surface
cooling by irrigation with a physiological saline
solution. C-E: Thermograms 40 (C), 60 (D),
and 80 (E) seconds after surface cooling, respec-
tively. Recovery of surface temperature was de-
layed in the steady-state hypothermal area.

NI | -El ectronic Library Service



The Japan Neurosurgical Society

1036

W

[

[e)
I

I

5

Surface temperature (°C)

Fig. 5 Case 1. A: Recovery curves for surface temperature after thermal loading at the corresponding points on the thermogram (Fig.

4A). B: Topograph showing temperature recovery pattern reconstructed by image-processing technique.

Fig. 6 Case3. A: The tumor (arrow) appears cystic. B: Thermogram showing a hypothermal area on the surface of the cystic lesion.

GEGl DOMEOEBAIC R T, BEERORERE
GRAIMEL ) $2.4~3.7CIET LT 1.

2. BRRUMES

ER 3> BIFTIEZE O astrocytoma T, BFHEAKICTT -
7z sonogram T % = 2 — 7 U — 7% cystic lesion 2338 b A
7z (Fig. 6A). AB D thermogram IZ x5\ T, EFEHEE
BEEIKEL Y LBHLICET LTy 7 (Fig. 6B).
BEVETE D EHENE thermogram DHFHC BT H, B
B —H L CRERERL 2RO,

CREB 4 L £ I SETE #% BAEE O astrocytoma T, CT ki
ERIE 27 Lich, i sonogram i2 & ) EEHORE
L2 bt (Fig. 7). i thermogram I X » [EH I O
ZLVREET 2R, MOHRMERED33.0~35.1°Cic
LT, MEEHI128.9~29.4°CTH - 7= (Fig. 8).

GEBI 5> ERIBTERERE T O AR % H 5 astrocy-
toma T, 77 sonogram 7> H L BEEIXKE L D 1~3cm
FEHIC A LT3 Y, thermography I\ T BENE
LOREREIIMEMEOME ¥ BRFE I SBEDETIC

BESTHRY, AROLHARKOREDRS Z<BED
BIEYRTICTE -1

N % ®

Thermography (X AE i DR E 5 i % BEER T 2 ik
T, BHOHKIE thermography D32y, BRSO
thermography, ¥ FCIRIOBREH D 7odIZ <A 7 = ther-
mography 7 & DA ED LR TV A4S, SEIER L
A thermography (3, F k2 & BRICHSH S h 5k
BrEHCEAL, BRWCERLTERERTHL0
T, FHEEGRELCHFREN L AIETHS. —BCH
FEOBE LR OMAMMAECHEBRBEREL V-1
MR FOEELZT 50, REREBEDOEI,»LHED
WA DM LREEDIIE, X HIIBEROHE L & 38]
BEThY, AEOAZ Y —=v 7 EREIhHEXEED
2H, BELHEEBORE L Bl OAEF R OH
E, WO - BIRFAZOBE, REKOBZMILL, F7
it 0, TEEHCEOBKICHIHEAL THHY.
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Fig. 7 Case 4. Sonogram showing a prominent echogenic

mass (arrows).
Fig. 8 Case 4. Thermogram showing a prominent hypother-
mal area corresponding to the tumor site.

EABEBIC s\ T h, FHERGICBIE L HRERIR O
fifiic thermography % #I fl L, myelography X » % Bif/s
EZRrELLoBELHLY. Lo, MEECHTS
BB RO LRI O 15, BB MEBEEFLET
TOMEREREOBE Y AL LT, thermography %
FH LR LcEl RS RYS o

FRAM#R thermography [ XERE A b DARIHE R FIH T2
7o, BONLEEFRINIENO L RBIREI NS
Eanbs. old, KMEEOBECNEEKY, L
pbMTBERSHEELEA LT, BEHON, BEL
FE 3 L OB IEFMHEBM ONRE M 28 A T\, =
N R BBEFET COMRRE S L IBEAFNKOEL
PEELL. BEEZHOEAKC O TRTTRELD
BELH DY, BEFws 2 LB FY =TEENTLAHHFL
VCEBEESEREICL D, SENEE L6 flLflicky
TREDIMALZEIHFTRETH - 7. Cyst X necrosis DR
Biz=a—7Y -, ¥ CTscan k, ERINBAY R
bOTHRERDOBHMLUIR L= = — R THRE LT
BEIh, ThIfoBEEOHAL—HLTW0, B
E, B INEGRAREY BN E L TEREYFIR L
RFTNREE Y% - HRFTH S, FHREANECH
VHBERRE « v — R AICEDADE R, v
Y- RO ERRCETRZHEROFALRE LT
5.

4Bl O#HHE thermography 12 X 5 BZiC X v, IIEE
® necrotic lesion < cystic lesion {2\ Tik, & HIEE
BEEDKT#AD, astrocytoma CiXTEEM: D EEIC B\
THEBEAR L. S5k, SHARBORERES R
WAL TIBILPRBIEL T e, ChLOERE D, BRT
R A AR HE, BRI T RATREBIC L LTk
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L HREGHHR VL, BVWRELRVHI# TR,
BB o BRAY IR & 2 RHPTRBE 2 O ATREMS % 3 <
XFHLTWI Lal, SEORFESMEMESR & Bk
gioma CRHh b 0T, BBEEEOITFNE THLEMS
glioma JEGI COMERE M & BHERMHEOBRERE
ERSILIERFTILENHD. th, HHEECXT5
BT SED L 5 7R sHR % i\ 7o thermography 13
JGH T& g\, PET scan *® xenon-enhanced CT % i\ 7=
IR O M EMEC OV TOEROREILT L —F
LTRb$3, WIES O RFHREEEDER Lo HIc
%, iEEOBE S L O R T mTBEE L oBEY
EOT, SRV - HIORFXET L L Bbh:.

VvV #& 3

PRI 5T % IR BV IE O ABERIBE O 12, #7t ther-
mography 12 & O BMERIRE 5 HCIRE AT X 5 RERE
BEYEEL, BHRAEC L VMEBLEEL S1monT
BRI L. £O/KE, BBM4MIEE R4 gioma iz k-
TRIEEH CORBEET OB AR % O RERERIEY R
W, MEEMET LT . BFTmECE L CEED Tk
MR X 2&EREDVL, BWERE LR A XA,
R REEEO RN /T L E 2 bRk,

KARLOEEL, 430 A AR BZLE4S (19845101,
FHE) R\ TRE L.
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