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The experimental and clinical studies on the effects of local cooling irradiation
by

Muneo Watanabe
Department of Radiology, School of Medicine, Iwate Medical University, Morioka, Japan
(Director: Prof. Dr. S. Tarusawa)

Experimental and clinical studies were done for the purpose of improving the therapeutic ratio by
cooling the local skin with ice bag and dry ice and thereby lowering its sensitivity to the irradiation.

The results were as follows:

1) After repeated irradiation to the skin of rabbit’s thigh, keeping the skin temperature between
5° to 15°C, the skin reaction to the irradiation was examined macro- and microscopically in comparison
with non-cooled area. Average of the total x-ray dose on the area of cooling irradiation that resulted
lamellar scales was 649, larger than on non-irradiated area, and histologically, the skin reaction to irra-
diation was markedly decreased

2) The oxygen tension of the subcutaneous tissue under conling, when examined by means of ox-
ygen cathode, decreased to less than a fifth of that of the non-cooled area. This anoxic situation seems
to be one of the important causes to bring forth the decrease of sensitivity to the irradiation.

3) When these results were applied to the therapeutic purposes, the cooling irradiation proved to

increase the tolerance dose of skin by 40 to 50 percent and allow to use massive irradiation for deep therapy.
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Fig. 1. Ice bag cooling method: ice bag on the
skin of rabbit’s thigh (Groups I-III).

Method of cooling irradiation in animal experiments,
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Fig. 2. Scheme for air jet cooling (Group IV).
1. motor 2. dry ice 3. x-ray applicator.
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Fig. 4. Changes of temperature in irradiated
area under various cooling methods (on the
rabbit’s thigh).

a) Ice bag method (groups I, II),
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b) Ice bag method (group III).
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c) Air jet cooling method using dry-ice
(group IV).

Irrodiation
-—Coaling-—s— —--Nin-cgaling =—- -

Temperature _

L ERIRENC R L, 18~21CLTch, 3~
I CHEFEE L=z kel s . Bah 4 />50fC
SETT5H, WO EEEE, HEhcXoTFE
B16°CLich, WIETH B RO HIAE R Bz o
P33 CI LLBE L, SPEITCIE W IR o
To. JEGHET#, o204 i s &, BN
IRix 9 ~11CETTFM Ui, BHEd T2 L
WEBC. AL, 4008 I i H e o gz e
FCEE L.

FEEATRIE & RIFC G Licht, B LWt
REY, KW X BRI TSN
oz EERTER L,

BB, MEME, BH2TebY, BN
2047 IR L e . R OWE X, WA
RO (A) BEHEFR.OED BB 3 en ko
HMO(B) LEMc3enToM (C) @3 Eu v
2. £DEH (B), (C) EDETFlemd kA
DrhZhof (d e) o FlRAYEEL .

HERRIL, Fig.da—b) iR+ &L, KE
ik (A) (B) (C) &bz iE % cBHizh
o iz (doe) o fRE T L KEN ho
7o, PO EIRIZZ04 E AN & b F#10.5




288 AR o o SR e MERE - 29%% B3 5

Ckich, EWHEIOHOEEFROEE34°C Fig. 5. Group I. A sample of cooling irradiat-
NRBL, 93.5COET %k Lie. KT 1end A ion at T800R, S]];ht erythema and branriy
. ) B ; scales are seen, i.e. second degree skin
(d) TWEFH19.2°C, (e) A Tix F1522.5°C reaction in this thesis.
Ligh, BHGIO (d. e) [MORMECE~ND L, s 3410 15
FhFh13.5°C, 16.8°COE TR LIz, Kk
SO T 1 end JE K T o REEBEY 45
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(2) Air jet cooling ¥z J A ZFEAREH OW
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Fig. 6. Same case, non-cooling irradiation ot

Bt —EORELMERT 5 LB L. & 7800R. Erythema, thickening, scaling, ero-
IVEEL, oA EEL, dry ice [Tk 5872845 sion and ulceration are seen (showing 4th
2 T3 L ORSHh I RSB Ic Ik 2o . F degree of skin reaction).
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EEETHS5°C, KT 1T cHiish, L :
NEBEhTLBEHEh DT, BB ST Fig. 7. Group II. The rabbit’s thigh under

B —EDOREAHER L 5 5 2 & hibhot:. 12000R with cooling. Slight erythema and
. branny scales are seen, but hairs are partly

L <
(3 FEABR S LA preserved. Note less skin reaction (2nd de-

i) HIRAYZE(L (Fig. 5 ~12) gree) than non-cooling area of the same case.
1) FHIRLEE (HZRRESES 1 ) i
FEAENG O FHIRCBE D FBUCIx, Hie b OfEk
EXHBHH, £ & BFH1600~1800 R fEH R
Dbt AIHFREE 1 ~ 2 HEEECHE S <
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B, WEc T, 0, I, VoglEd, Th
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Fig. 8. Same case, without cooling (12000R).

Erythema, thickening, branny scales and

erosion are markedly seen (3rd degree of

skin reaction).

e

Fig. 9. Group I1II. A sample of cooling irradia-
tion at 11400R. Slight redness of skin, bra-
nny scales and partial growth of hair are
seen (2nd degree of skin reaction).

Fig. 10. Same case, control side without cooling.
Moderate erythema, thickening, branny scales
and partial erosion are seen (3rd degree of
the skin reaction). There are almost the same
findings as in non-cooling groups of I and
IT (see Figs. 6 and 8).
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IFig. 11. Group VI. Photograph shows skin
reaction under 8100R with cooling on the
rabbit’s thigh. Partial thickning of skin,
scales are seen (2nd degree of the skin reac-
tion), but these changes of skin are slighter
than at non-cooling area ol the same case,
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Fig. 12. Same case, without cooling, 8100E.
Moderate erythema, thickening, branny scales
and partial formation of rhagades are seen
(3rd degree of skin reaction).
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13) MHhbhich, EkEOEME, HoE(L, Ha
D7Efabis E ORI, AL S, &
BLRE D RREEASE WA C B ot to DI HIRI L 2 T o
o —HESHC s\ T, FBII S A R
Sh, AlLEOYME, BB, HmEREETE
HbhY, HiIcREBOPRER ORI X OB
DROBALE 2 BT ¥ fehotc (Fig. 14).
BB JEAHAICRMEILE, 28 AmRE
T, BEROBALERE N, Mt i FHbh
fo. THIEH L THHEEITE, chbof{biriz
EThHot:.

riRes : JEmHGICE, EBWOBEREER, »ic
DRET, LibEEELHEeEL LT,
AT RIEREFIC B &, EEOEHED B
VILEE R L OEBRE OWY (Fig. 14) b o

Fig. 13. Group 1. Non-cooling irradiation
(7800R). Destruction of epidermis and pus
coat like leucocyte infiltration are seen. Di-
minution of hair follicles, edema of corium
and swelling of collagen fibers are seen (20
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Eig. 14. Group 1. Cooling irradiation (7800R).
Moderate thickening of epidermis is observed,

but leucocytic infiltration and excoriation are
not observed. Hair follicles are well kept. Leu-
cocytic infiltration in the epidermis is not seen.
(20 x 4).

Fig. 15. Normal skin (for comparison). A
large amount of hair follicles are seen.
(20 x 4).

bBET, W (Fig. 15) finofk.
i

Feb IR LA L TR L RO R
BLf. $itbb, BLAEDEENE Lchbh
ARSI L, ZH U ek EEE oM
Jar—E-o T W TEEHE L, FoiEhok
AR E L TiEEic B bVt vwic ., BIEE
AR D LR O H Fen IR EIR i Fe SR AR A
BEL T\ iz (Fig.16),
HEZBOBEECET LA X BR & i
D, *OEFOMEMIEs X 0¥ L,
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Fig. 16. Group II. Non-cooling irradiation
(12000R). The epidermal changes are promi-
nent. The destruction of epidermis, ulceration

and leucocytic iofiltration are seen. (20 x 4),

Fig. 17. Group II. Non-cooling irradiation
(12000R). The floor of ulcer is covered with
pus, and swelling of the follicular epithelium
is found (magnification of Fig. 16) (20<10).

! ! !-u il
ax‘k "' .
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g 7
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ERLCEME &L (Fig. 1), LA L AE
Kis BIPHZEMRR 2 b,

Zhest UTwHlc, fafekE o g e
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BEEHOCTL, AN TT ORI E 2 2 e
(Fig.18).

B IRFE IR EA EFAFEOITRERL #1225,
FEEECI A MEREHE e B 0T . BEI
TRWTFhd £ 02 iz,

MBS : IESEMUTREEOEF I T hEE
T, LorbEEEOED L EETH oM. BE



292

Fig. 18. Group II. Cooling irradiation (12000
R). Slight hyperkeratosis and diminution of
hair follicles are observed. Intraepidermal leu-

cocytic infiltration is seen partially (arrow)

(20 4).

FARE SR RGeS M H29% 5§35

Fig. 20. Group IIl. Cooling irradiation (11400
R). Epidermis is well kept and ulceration is
not observed. But the number of the hair folli-
cles decreased as compared with that of nor-
mal control skin (20x4).

Fig. 19. Group III. Non-cooling irradiation
(11400R). Marked epidermal destruction, ulcer
formation and leucocytic infiltration are seen.
(20<10).

Fig. 21. Group III. Non-cooling irradiation
(11400R). Ulceration with purulent exsudate,
teleangiectasis in the corium and diffuse leu-
cocytic infiltration are seen (20x10).

TIREEOIPE ) PEECED bhvich, ElED
FARE 3 L OB oA OB EE IS HNZ <
BHA LT o7z, (Fig.16, 18).

EAE

F i IEREC, AL O R FE o R
B hEEEC, 13 & A HIBKREL Tl
FHEE L CTwic, $-20 I ik BEOR
MERREDTED b, ERREREEL W
(Fig.19) . —J, &#Hflcizr 0B izgELl, &
BB Esh, EEERSRY, b
WWIBE OB mERZE, SO e Boiic@E i
Aot (Fig.20).

T o

BOR : IE AR o mEIRE & i EFE
A, EPMEREFEELRL, FoZbixEEihc <
HAlh EERETH o7 (Fig.21).

Bt iE g ERDEHCEER OB A IIEEH
Tk, e hBECEROIEE LR LA EABR
Tehvots. WEMIlCIL Z b D (LITEIETH-
iz,
HIVHE
FHz  IEEEMNC Fo \ TR IR A N A {1 T
iR, REBOREL & HCEEFER, Bmik
RHERET, TOREIBREREL 2T
(Fig.22).
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. Fig. 22. Group IV. Non-cooling irradiation
(B100R)). Destruction of epidermis with marked
leucocytic infiltration is seen. Blood vessels

with stagnation, edema and diffuse leucocytic
infiltration are observed in the dermis (20x

—%, WEHHTREBER bR, BEA L
EThTMcEanc A mRkBErBdicicT ¥
oz,

YRS © CEWOEMIGHM, ISR L b
LS bhichofoh, EREENLIES M CI
2R LT,
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HB LR ERA R 1T I o T R RO B4 e
I ARRAY7e & ONC LR OB 2 In 2 -

Thbb, ERFRI, 1, I, VEoWwT
ThEhlbie+5 &, 130kVp & 160kVp oDJR
HEHTIE, BLEALENBD ORI o). ®
ToKBEC X B4HE Air jet cooling kiz &k 5%
HETLENRD BT, BEHEOBET L 43
BRB Bhishoi:.

T IEE DG & B E oD B e Sk i & L et
Lic. T7ebb, %8 300 R % f M4 H
ME L L &, BRI L Uiy B2k
LT, R, S ERFEE, Blkss,
BB, BE, B0 6B A B LD
AL S W DIEEIR & SEE © I %
Table2 iR L. dbHA, B HkE ik
DTHREICID L) DERBED LI, ERFR
I, I, I, IVEFOZIEh OysEM B S 4
EWAFH U6 OMINEE & EERERE & T,

a
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Table 2. Average dose that causes a particular
skin reaction at non-cooling irradiation.

Method of irradiation

Cooling
irradiation

2163+ 352

23804 310 2714+ 507

3115+ 420

Findings Non-cooling
of skin irradiation
Erythema [ P e P
(early stage) 1620+ 380
Disturbance of
_gawth _c_u_f hair

Branny scales 5129+ 527

Laminiar scales| 63084 960 |>8364+1496

Erosion 73324+ 970 |>8364+1496

7786+ 310 |>836441496

Ulceration

> indicates that these values were
post-mortem estimation.

FIURLEE, WERBRE L L © Wil o g ks
i, FEREEMA O Z o B b LT E REREE o34
DRH bl T ¥, #ENCIIAEXER
Hohiehotc. BEBREEETZMR C13, JEAHR
D3115:E420 RIZHF L, HHMUIL5129+£527 RC,
#1642 DIEMA R L, 5 %DHEHRETHE biic
BREOEN D bR, # EREBEE I 2
TOME Tk, FEAHHID6308£960 RICKFL,
A TIE8864 L1496 R T, 141 &0 X 5 i
K EBS bhiehoic, ok z, — O
THHACIERBE ot L HELT L, Y
MiE»PDADB L, 2,500 ROETHNG © fHEo
WA RL, BEOELBDEHHLREHE ST

Fig. 23. Relationship between skin reaction
and irradiation dose.
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Table 3. Histological changes of skin in animal experiments,

Treatment Cooling Non-cooling
—— TR S e Y B
TT— I I I I\ 1 I I IV
Histilogical Changes e e P T
Desquamation — — - s t # # +
Thickning H H | - -— + + A _
Ulceration = + | . . # m m H#
o Atrophy - — | + -+ A A A +
Epidermis -
Vacuolation - - | - - Ay JaA) AN i
Leucocytic infiltration — + | - + H#t # HH H
Swelling of nuclei + — + - VAN Ay AN +
Destruction of cells - + - =5 H#t H # #
Teleangiectasis - + . H H H H# H
. Edema + H# + + + +H H H
Dermis Leucocytic infiltration + H4 - = H m H #
Swelling of
connective tissue + +H + ++ + +H 3- -
Atrophy of 9
hair follicles + + + 1 L it # +
Appendage Diminished in counts
of follicles # 'H # L # L L #
Thickening of follicles + + = - = - - +
Note: Triangular marks are the changes that could not be observed for the
destruction of epithelial cells.
Hote. WHOBSHER i, 8864%=1496R DIEE L b DI A A bR B ¥, H

TTC, LA RO 7= b\ EREY ) % TE
CXReDT, TOHD KL LAl M
Dz LIARARETH ot IEEEME & Ao
NZhOREEL & E L oBfREReE, Fig.
DT ELTHE. Tiebh, BEM T
BRI F CoBEIREDd L ichs, Thll ko
FexRTHERD & bh cidich ok, fiicd
Bfo X s, WEHEHE 8,864£1,496R T I
R\ E/ETS &, Thil ko
JEZEALCH % BN, TR IEEEI R O f:E &
HTLCRED & LTHRBTHS &, BT
FREILFY10,000R, T A3 585 H1310,500
REEWLD Z EXTFHEIh. B ko
T, ThEh# 2,600R, 2F h30~40% DfH:
DEEINT D & EMHEE S hots, RICH BT
s L, EEOLITHIRAIRT R A £ < BAD
fo. HREE bEE, HE, B, EHHMC
EEOEEEEYHD 2 b b, BEfT
I VBETHO. Thbb, RERPEE

HIEERS L, #HBA s Zieof.

K, MBE-cdBEhe kB IR, RETGH
Byt gh R EH RS bt (Table3),

IO 7R ENEReTIC B4 5 B8 RIS F

1. Bt LUk

(1) BroeExse

TlE 2 0, fuiERE 6 fl, Wi 2 4, BEREdEseA
IfsRs 1 B, B4 B, FLERMGEE 2 61, R 1
i, FEwE LG, WEESmE o206l 5t
L, KIS OEHBE 2T,

(2) BHEHE

FEHRIBALC X b WIS, SRRSO o0
BB 2R E L, MRS ACER L X, BAED
157 € = — A TaA R KIETHIR SR AL A &5
L, FOBKEYBRELTBHY TR, BHK
TH, HUBSHEEIY 3 2 feot.

(3) MWBatdkds X O WBE&H:

R A i T o Zerh iR 200~-300 R @ Biffisy
X2 E
EHZ KXC-18 A 7.
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HE B 2 k1L 180kVp, 20mA,H.V.L. O.TmmCu, Fig. 24. Carcinoma of the tongue, before cool-
Filter 0.5mmAl, F.S.D. 40c, B K67R /min. ing irf-adiation'. Tumor with u?ce]:‘ation was
N - noted in the right lateral margin of tongue
TH5H. MHEE 5 X001 BB ARESIC X b covered with yellow-white coat.
RigH0T, FEFECHIEL . )

(4) BN 16 BE B
Kic & % B oW ER I, iR X b AR

CENDD. FLBEHBCLSTH VA WHE
K50 ELEZHLhS.

T DM R e &, KB X oTH
ELICHHN RSB IER & LT, *1BH%
RuWsbOiFd#iiefls LT, REBEEZONN
AL CREROM TREYIE L. HE

GRS B E T SR ERES o BT 2 5

&, %Kﬁﬂﬁ'?’ﬁﬂbﬂ#.éil b, &@fﬁ”j‘%{i@’&’ﬁ Fig. 25. Same case, 20 days after the treatment
HEA S U with cooling irradiation of 2400R on the right
I lateral and submental areas, Photograph shows

(5) WZY:

complete regression of the mass leaving only

ﬁ;‘ai‘lkﬁéfﬁﬁlﬁg& Iﬁ“%, e3P (A atrophic scar.
THETRHE LML, IFSHES L BHBEhC -
B2 KEEACDERLBZE L.

(6) kb

EB] 4 13\, MR T Bk 1 B LA
EREOCYERL, ~=b*> ) vt v
ERlol.

2. JEGY

5.
iEfl 1, RO—0O, &, 71, &,

(1) BURIE : B34 2 B, S4AMIE -/ E Fig. 26. Same case, skin reaction 10 days after
i P . el - the treatment with cooling irradiation of 2400
[ Fd 4 £Ly j T 7 4 t
BRI, EoRx Ek& &b i 2 L b R on the right lateral buccal and submental
h, BRERC SO EFEER HEEEE 7o » [ areas. Marked pigmentation, desquamation and
FESBABE L. loss of hair on irradiated areas.

(2) ABERsATR (Fig.24) : FHAMEHE
HEBTHEbh BB YRS, ThBELHR
L, Kiifc@Ea 2L C\v5. DEPEsEe, &
EORFEARL, HFEmMZBEEAR bR,
MLUWEEO b, HHEBIEES X ORId 3
&, ABITA T MR A D Wk ELRS A filh 72 .

(3) WHHE: : HUERS LOETFHL v 2
Mo omEMH L, BHFEERZEhe x 8end
Lic. 1[EIFSHEIX 200RTHS .

(4 &l : JRShc X b Dk o Feok 2
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Fig. 27. Same case, 20 days. Slight pigmen-
tation and no growth of hair.

L, BHRTRCERRR oML 2L, A
P R A A Uehs, IBEHETHI0BEB S
ArhoeTFhbEirxe. chiod UEER, &
BN, WEFHIE R S, MAHRoRA L L
WCENLRGEELRL, FEEL L OCH T RER
B EHICHADL, BEETHRIOEE Z Az vy
FThaHEELE. ZodicBHRoER 2, 4
HRAES FE L {E LI (Fig.25).

(5) WIRGHEL B EAT R « AT % X O &

HELL. CCTRFEZET L, cokoffE 28
L fo, FIBHL iR LIRS TH 4 ~6 H H
IHX Y HEB LI, BRSO, B
FBEIEEL, S HHRIESKHELL. 200 H
iR LA EBRIEEL, BEOETELSER X
O ESZ5FEE U CEE Ly, HEHA D
bhichofe (Fig.26, 27).

iEfl 2, ROEO, &, 66, .

(1) BUREE : BERB3FE12H T a, fdidicse
ARVEH L, R OE S AR A B 2 T F O
WEICHET RS2 7 b, #oy Ao LT AR
OB 5 X 5cicote . RERILITE
RLERRETH L5 L, 344E9 AR L.

(2) ABERSATR : AEHM X b b
2O FERBAERC T, §98 endROH:EREINE
BREYED.

(3) BBEIHE: : 10x15en @ WEEHEF 1z X bl
B s RS % 3 = fevs, #H 19 300 RS
>, 25[E] 7,500 RFBST L 7=,

AR ARSI 20% 3B

(4) £« B v 5 IREHRh A, M,
WEFREENT 2,400 REBGIF: = 5 X h k&L, 3,900
RIBSIRCIE, 132 A EF ORI W, %
WD A Uie . #1E R b el -,
BT E L, 7,500 RIZSHHE: 1< iz
FAETEFCHELE.

(5)  wERRGHE AT R+ 3,600 RIESIRS: = 7
ICHLBE, GRS Y 2oL, BHEOHEKE 2
ORI 25, 7,500 RIBHHE T ik
Wb T ds B REEOBREITIE S, WE KBS
Ak AITHE & Bbhts (Fig.28).

Fig. 28. Findings of skin after cooling irradia-
tion of TH00R to carcinoma of the esophagus
(irradiated area is marked with line). Slight
redness and pigrentation, coinciding with
folliculi, are seen.

(6) AEIEOIC I % KIEC X % Wil ot B
OEHIEHIR © FRETHT O BSE RS X 0T
SRR IRIE28.9°CR R L 7. FRSHE30 OWHIT
W, FhER22°C, 25°CLisote. Bl #30
B ORERBREY 25 L, REHEF -5 B R
T1330°C, TR TIE30.5°CEith, BEA
YIEHE R £ CcEE Lic (Fig.29).

fER 3, WBOBO/S, 38, 48%F, BHE.

(1)  BLFEEE : IBF334E 9 AwE. L#EEs»b
HEC BT % Bl e b ONC REE I R B D
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Fig. 29. Changes of skin temperature on the
anterior chest (a patient of cancer of eso-

phagus) using ice bag cooling.
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HWE 5, RS I h34ET A AR L.

(2) ABEeRT R« EREE B R A o [E R
P, AFEWH T BB FERA flh .

O E e SO E/RL S b, A
AERFDT. A1 E 3 VR IUFOMOME
IR A R e\ . XEREBT1E, NERIERIES X
D BT o T, OBIE LR 3 X ORE KR
i, HHEoBEREL TV,

(3) RHHHE « BEM X b [EERAL R R
L, ZRHFe,T, BESxniHBgeL, £
JE A I EIB S & Uie, BHEFFIRERFh 6 %
8em& L, 1HI1P 300RT v, WHIERAE = 19
[8l, 5,700 RIEHHIBEHRALI13[E], 3,900 RIBLT
L. BHAFEIHROBYTHS .

(4) £l : SRS X OV B E R
L,S0ORBEHE T 2 H X hEL, Ao EY
Hic. Ll 2,T00 RIBEHET = 50 b, fEENMC
X BARBARIREY KL oh, AWM 3,900 RAE L
5,700 REBGHE T 1400 HEHE T R ai i
WL, M BB, LA Cfbh
7r{ oot

(5) WFRSHTAMATR © 3,900 RIS H DOIE
WHBAHRAL & BRSO & O B bR N
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LE, WorZERNRBEDLRE. Tbs, 3E
WHIBHHB CIRERLBEE L L, £ OEOMRL
DA T H oI DK LT, WHIBHERR
TIX R E D I S RIEBEHATRE © B o 7.
5,700 RISt O W ERRAL & 3,900 RIBE# I
PREDFRGHAL & D e L& Ml L TR TS, W
BOCIBHITAL TR BRI VI, Bk
AT peot: (Fig.30, 31).

HEFERC b REERE O 2 5 = via iy, Ik
HRSHRAL TR ERR AL L b L WS IR

Fig. 30. Carcinoma of the stomach. Compare
the findings of the skin: cooling irradiated
area(right side; 3900R) shows less pigmentation
than non-cooling area (left side; 3900R),
while the skin lesion was of the second degree
of either side.

Fig. 31. Same case, photograph shows the di-
fference of skin lesion on the abdomen by
irradiations. (Left side: non-cooling irradiation
of 3900R. Right side: cooling irradiation of
5T00R). Note less pigmentation of the right
side (cooling) in spite of the additional irra-
diation of 1800R.
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RLTz.

FEF 4 OO, &, 322, B v s
5.

(1) BRIE : 10F o & &, EREHC/ )R
KoOWFEFCLT &, HiEL v, Wﬁm&%K
WKL, 17F0 L Eci3~4enDFEYETS
i D L. MEEONERIL, 24, 29, ao,y
@&%M%L%h%h%ﬂ%%%:&ot.@ﬁ

4 Az n (3270) HORERALC /NG ROFE
QﬁJ,M+7ﬂkm%Mi®E%&ﬁb )
IREOBREES s & OVEIE O EBIEEEA & b I
[FI4E8 A ABE LIz,

(2)  ABEWFAT R « 1% e e R s e,
ST AR AIE & FIB U 7o . Mol X268 < Ll
B 1 x 1emk, thlififfic 2 x 2emk, 3 X 3cm
D Hiie b Aot MBS T i i e Rk o
MEEiE A 2 R (Fig.32).

Fig. 32. Lung metastasis of sarcoma in left
popliteal region, before irradiation. Roent-
genogram demonstrates nodular metastatic
shadows in right middle and left upper lobes.

(3) PAHIHE: + 8 x10cm? OFEHT AT
M EBSx, il IEaEB Y = i
WZhEh 200 52, 48 H RS L &l 28 i
HCHET 5,000 RAMEH Lo,

(4) & Rghe X b & Ll s X o B
B DRSS U, [BRSIBEANE
Efe b, 5,000 RIBSHICIXE L [BEIEREO #H
iRtz (Fig.33).

BARESEMHRESEE H29% #Ha3s

Fig. 33. Same case, after irradiation of 5000R
on each side. X-Ray film shows marked

F':iming of metastatic shadows.

4

g |

Fig. 34. Same case, photograph shows the di-
fferences of skin lesion by irradiations; right,
cooling irradiation of 5000R and left, non-
cooling irradiation of 5000R. Cooled area shows
less pigmentation than non-cooled area.

(5)  BEMBHMIL AT R ¢« JEA SR %
WTi, 1,600 REES = Ak, fI8Eds X OMEREE
UEx &L, Thhks c L, 5,000 RIE
SRR RIS S W ot —7F, BHIE
HHRALIT s Ty, 2,800 RIBEHE: = A X b R
FIBERZE L, 3,600 RS = 5 2 & (AR %
2, LMEREIW Z OREIIHE L 42 25, 5,000 RIR
B IEANRAHTA. L B B A iR IR L,
HHHCR T OBIREDLDTE ~» 2. Fl

— 38 —
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Fig. 35. Same case, 8 days after irradiation.
Photograph shows marked pigmentation,
erosion and excoriation on the non-cooled
irradiated area (left side).

Fig. 36. Same case, 30 days after irradiation.
Photograph shows formation of white patches
on the non-cooling irradiated skin (left side),
while cooled area (right side) leaves only
slight atrophy and dispigmentation.

II : *:a_
w R
4

FRGHE T #4300 B © BRZE(L vk IR B AL
T, EEOBBYE L TR Lsh, HHms
ATk, BEO GHEBE XALOLTHOMK
(Fig.34, 35, 36).

3. ERIRAVIE RS

[RFT s ER S A TR RS G 2, ik
6, A2, EREMAEL, Bk6, B
WolE 1, FEML, HREEAMK 1) o06]0X
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MBHhIERIL, T0 5 b, 8 HIICIZBHEF % 2
FIRRZEL, 1 MIadlid e Ui+ 3 = /e
b,ﬁ@ﬁ%ﬁ%ﬂmﬁﬁbt.

T I :s\ T ik, Air jet cooling j: i3 ¥y
BRICBCTKBEE IR, KEORGE LA
2 OT, BKRMIEHIIZSHINE T ok
Fuiz . BRIBEED 2ok b & oo IE R 124
ZonT, U e 2 5 &, HER-Cu R TE
DZEFIGERT 5,100 R (1200/W) JBE L 2, B
BT HDO X % 4 20 AEIRLCHBET A FRED
bOTHot. fHillgci 1M T 7,000~7,500
R (1200/W) ofEghcd HiH3, HEHRE R
ETHmEaaEoSr ElLi-0orTthor. ¥
TGy EIIR GG, & My H ISR 0 P 2 R E L
TG Lz 8 flicouT, o dinh, |
SHEF, W%%#&Tﬂ%4mﬁbt.

BEO—HRE &5 L AR R
mE B L 2ot flbbo e pt, B EAY
EHNCEH EIESH LT X BENW SRS B
h, WHBSC X 2 EEsERBEch ot

Iv. & 4
m@kﬁﬁﬁﬂmm%khﬁOT&ﬁﬁﬁﬂﬁ
E&#WFEe Ui, 19164F Simpson® ¢4 7, |
kb%,mﬁﬁxﬁﬁﬁ%mﬁtfmmmﬂmﬁ
THHL, ML HN U o & i L
Tw5b. O Martin®?, Mottram®, Evans®,
Barth™, Liebner®’, Marion® 5O & OPIFEHIC
LT, BiMpERL S OERNFRL R Z b
n, fFERE—HTew2ME U RS EE IR
EXETEesE, RFHAREYEMLES &
MLTV5., HEORRB LUFHEY 53 19604F
AR r B iR UESHir 2 TRELE.
AN X % BTSSR B o B, BURiR o I1%
?@Eﬁmiof%,mtbﬁﬁéh%&%ib
. AR R VT, Uk BER T
%H%k_&01= TBE D fe bk Ber it
, AiciREoREY L. ¥ iokilEc

%mLt 2S5 &, K L B XEOBRIL,
BCELAYE D B O B BB THD . c DX
5l L DEMELAHLL, KELDLSE

CERARE 55 &2 b5 Air jet cooling
BT L 5 HEIR AT, BT L o5 HEN
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reactions on cooled and non-cooled sides.

Dosage to skin field

Remarks

Anterior chest, right and
left 6000R.

Cooled side; 3rd degree of skin
reaction. Non-cooled side; 3rd
degree of skin reaction. But
slight benefit on cooled side,

Anterior chest, right and

left 5000R.

Cooled side; 2nd degree. Non-
cooled side; 3rd degree. Less
atrophy and dispigmentation
in cooled area, conspicuous
benefit seen in healing in late
stages after irradiation.

Abdomen, right; coo-
ling, 5700R, left; non-
cooling, 3900R.

Cooled side; 2nd degree. Non-
cooled side with a additional
dose of 1800R; 2Znd degree.
Good benefit.

Abdomen, left; cooling,
4600R, right; non-cool-
ing, J000F..

Cooled side; 2nd degree. Non-
cooled side; 3rd degree. Coo-
led side received 1600R and
more, but showed less change.

Abdomen, left; cooling
side, 4000R,, right; non-
cooling side, 2800R.

Cooled side; 1st degree (ery-
thema). Non-cooled side; 2nd
degree (pigmentation). Cooled
side received 1200R and more,
but with less change.

Abdomen, left; cooling,
4200R, right; non-cool-
ing, 3900R.

Cooled side; 2nd degree. Non-
cooled side; 2nd degree (more
erythema and pigmentation).
Slight benefit on cooled side.

Hypogastric region, left
and right, 1600R.

Cooled side; 2nd degree. Non-
cooled side; 2nd degree(more
erythema 2nd pigrmentation).
Slight benefit on cooled side.

300
Table 4. Comparison in the skin
Patient Age Diagnosis Field
size

Cancer of

1. H. H. 76 esophagus 8x10

Lung metastasis of
2. T. M. 32 | sarcoma in popliteal| 8x10
region

Cancer of

3. U. H. 48 S emach 6x 8
Cancer of

4. J. o. 47 stomach 6x 8
) Cancer of

5. M. K. | 48 preniielf 8x10
= Cancer of

6. M. T. o8 B 8x10

T. A. A | 42 Cancer of 8x10
y Cancer of

8. Y. Y. 59 | S eetum 8x10

Hypogastric region, left
and right, 4000R.

Cooled side; 2nd degree. Non-
cooled side; 2nd degree. No
decisive difference detected.

RO TH D LRFDEES DI, it dry ice
X oTREEY S E D IR LT 2 B i
L0 LB SR T, B X AN SRS
ALz lehofckz & &, dry ice it X 2THTS
M ERDOFER 1 7L C—icmH
EEE L 2ol L BEELLRS.
Mattram® |3 rat @ i3 X OB EEHLTO
Cr hd 6°Co ice water % v FoJins B B
DL VEBHINLLBEL TS, hbE,b
I EREE & B O BSHRE M & ORI B B
DH5BLELTH, BECHHIMZOTHHAK
kB EEES RS EEX bR, FEOBIK

“>fz Air jet cooling LG R\ T, ki
L BEHBHR L 13 LA EERED bRshot.
L7 L Liebner® & @05 L T\ % & 5 ic Mg
O WA I % B 34 ik,  Air jet cooling
A HEELWZ SIS EThinw. EE L H
WEBRCR\ T, KEOWAKBHRCEEOEY
4% ¥C, #lHEWmo%EhigET 300RS52,
Fe\ b O TR0 [ERST LRV, HEREO -
CEE L. Z OEE« O EWNE LR BEE L kD
Fiam & 21z

Tichb, FURIH, #HEREREE, Bk
Faie VIR, WEMIE & b RB A Ao,
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ST TARKERETH HERERE, BEHR,
BRI, FERAMC B Boz i #b
3, WElCIE LA ERD bhisholz, Lic
22T, ThODRMEENFERTIREDLY
BRI R & SR T EIRp07cht, WA BsT
Lz 7o O i EiiE T & 5 88641496 R D f@
b, BEMICIERGIBE S Hbh, Thil#o
BRI & AOBRY - E2 LT3
L&, Fig 23 CTEMGRLIX 5wy, FHEGE
CEEMHA 10,000 R, HEBZRIA310,500 REEEE Tild
HhDLHEES .

Fichb, FERH LA ZRERD K
Ter T PG EoX BRI C 550R, #
ERFRFTT 330R & 7n\28, HHEREEI R
TIZ 2,000RDZELHAL, ERBBERE Lo
ZEfbcix 2,500REAEDER AL, fThd T
B2 Ing 5 L ABEOENBO B, BIEH
4D MBI X ABEO KMEECIIERDF

it BEENEL bt ohTHEZEoBETL

TR HEAHFED bhie. ERERY ETE
TOFEE, FESEMUSIISRIGH L, BEIfI5129
RT64% DHEINTH ot

Liebner® 1%, FRIRIIFIZE iCdo\ T KBESHT
B THAGED 1,200~ 2,000rad BEINL 2 7- &
HRELTWS. d3brA, FREAGTOEFO
BEHR R MR B 5 5 5%, 2 b DR
HOETRHBZ LELONS. FED LMK
GO IRAYEIZE L R, MEEe b BEben
Z e, U THIMIl0REITIESH A T
EREE LD TBETh Ok, L LEET
WEE L LRI BEERZ, TOoERRDd LI
pyolfe. TIILEIED BOHRREZEN R, BE
L BIEND bR DT DTNV b E
X bhb. EHRD O—HOBMERIT T,
REMETFEZE 2T 1 EOofHEY 500R, i
R b RERE S AR, BREMWZFH
CHCEC L. FLRBERICLTEE L RABECR
BLL, BAHRC X 523D 2 lehot.
DENDEZBE, T O ERTIE, 1EERT
300RBENZLTH D, BHEIXT 205 R
HIFRG 5 2 BEPREC & IS LBHEIC X B 2B~
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EWRE 2. dBHA, BAE, BHEA, B
HO—REIREI e X oT, HMTHARED R
b, MEHEOHINE B ET 2 ETE
Ligote. L LE—EACIRH LA LD
TR E, BItoBAeREELTAS &, B/
Baifc 1 [B10 B2 o 2 200 R TEF 5,000
RIBS Ui filciX, JEGEML: 3 BELL Lo kg
BEERRELTWADIRIR LT, S 2 Erd
&P, FRAROFTRIIMOSE  DEMCH R
7z. Liebner®i3, 1200rad 34 % A4, 2,000rad
DEIBEMATRETH B EHE LTV B, HE
DOPFFETIE, 1BIF 1,500~ 2,500 REEEE DB IR
A TH B T LMot X b 1z Liebner®
EEHREIBFIRIC X, FRE Ot ARE oMime X
2T, XEBEcLETeKGREL2RBHT A L
MERETH D, KEOREEEL v 25 &, 10cnd
FREHE X, BF X 3% 2 5H50% i BinL
%, OCo-TiEOFMBECLELVWHRERZ L T
LR35 EHROEBRRE b EIFC hic—F
Lz, R L HEHR T, BEEERENHHE
ST 0Co-r PtV E=RAF —DXED
FMFRHL T s 2 5. DEBSBRTLS
HUTXBEREL, ENORZHERXET 2z
B LM BN o7z, FOBEEIRE 53
TRETHH M.

RO L iug, XEoBEEs X oRe X %
WHD =3 NF —EERRIL, WEEN RN, B
EOBEZThWiEA S LT3, Z0R
HizszoTE2 %58, DEOEFHORZECET
13, WENC Lo TAER E ISR &
CHZEEERL, HiROBFRELHIIEIEEE L
&, BEDSOBSHREEELYERETD X 57
Gip, BEC X OTIAMCELR, TOTK
BB ko TR EASh B L EL LR
5.
R ORESRBLEE & At RZ o B >\
i%, Crabtree!?, Mottram'® 1z ko> TRIEBXH T
LISk, HhHaaiahRed T a0 mEELR
B, Radical theory XEEEUOWTHEHED
EWEAERBRC > wTtomRYRES ¢, *
D P FEH A FF IOy R 2z L & A0 70 W
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Reisner'™ 13 f& §}rp o B © FE:E R (F C B2
HEY 2 SWnE i t@WE L. F1- Dyes'®
b IR D HRETA0~502% Bl © B R Z % (K
TERLERELTE Y, BEANMABROBRRE
FETFTERLFETHLLEELZLRD. BERIXE
i, TR & O RO B SRR M A %
L, ZREOZNIZATZHE L, B EHEL
fo.

¥R IR ED AMEREXET ST, IE
WSO EBRFEREY LS L, B EZEY
I L, HENANCEEEZIGEL X 5 LRAAR
TWwb. Fic Marion® 3 FAHEHRE DR
DWTIX, RO, E8ER BEEL, nE
DRI X Y, ZRANCRMmAE D, EEERINEE
bbb THB EHBLTWS. FMESE
Gray?®2 Churchill-Davison®® 5z k2T, 5
TEf: & T RSHT X o TS O BUH RS M4 n
25 EbERBCICEEh TS,

PAEATe &b MR TRILEE & MRz &
DT, FEBIBAGRA S B = LIGE 5 SHpiioys.
Lirl, BUCKECRETERIGHTZ L
CkotT, EOREDCHRBREDETHL %Y
Mbicdi, EORREOERY BRIk, T
Tebb, ARLBWBDOHE = I 2 LR i
BB X oT, FROBIGHE FTRKOMBR
SERRE L. WL, B0 ELALT
LTI, ARCRECHBE SIELK.
Ry Fig.37o LT, WHBMA L AR
WMeBESE (POy) XMETL, 20/Mo0&HEC
Tot, ®BEi0 I Teicof. wiE gk
5L, BESERREC LA L, 30~407Ti3,
BIFEHECE L.

Wl R, Tt e B R BA Lo &1 5 &,
BgrhoBFESEXSEINCL, LTS
T Lol hrBBEFEDET i £ 0
HRwz Xy, BhERTOERBR2E TP
REIRSE I L, WHc B\ Tea%HinL
WX BTHHY. bbbHA, ThixlBiho
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