|

) <

The University of Osaka
Institutional Knowledge Archive

Title FRARAIE RIS T B SR DRE

Author(s) |Z=, fB

Citation | HAEZWGTIRFESMEE. 1973, 33(12), p. 925-967

Version Type|VoR

URL https://hdl. handle.net/11094/16390

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



MR Fn484E12H25H 925—(1)

BERES
HRAR i R (203 B TR o 22
FAWFYE I E AT B RN R
e i |3 Ja

(W Fn484E 9 H25H F4)

Effects of Irradiation on the Central Nervous System

Dr. Akira Tsuya
Department of Radiology, Cancer Institute Hospital

(Japanese Foundation for Cancer Research)

Research Code No.: 602, 401, 404
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Clinical, pathological, biochemical and electroencephalographic studies of the effects of irradiation
on the central nervous system yielded the following results;

1. Studies of radiation myelopathy.

a) Review of radiation myelopathy cases in the Japan.

i. Forty-five permanent type and eight transient type cases were collected, including 12 of
our own,

ii. Latent pericds, symptoms and prognosis of our radiation myelopathy cases were summarized
and compared with those previously reported.

iii. The tolerance dose for developing radiation myelopathy were analyzed according to field
size and time factors of irradiation. The overall time-dose relationship was found to lie within the
parameters defined by Boden and Pallis, and the fraction number-dose relationship of Boden was found
valid.

b) Electromyographic (EMG) studies.

i. Forty-one cases of malignant tumors, whose spinal cords were irradiated were studied by
routine and evoked EMG’s.

ii. Abnormal evoked EMG’s were found in four definite cases of radiation myelopathy (1009%,).
Of 7 cases with clinical abnormalities, 6 (85%,) had abnormal EMG’. Of 30 asymptomatic cases, 6
(209,) had abnormal EMG’s, indicating upper motor neuron disturbances. Additional peripheral
involvement was occasionally encountered.

iii. EMG examinations proved useful in diagnosing and screening radiation myelopathy, as

demonstrated by two cases of radiation myelopathy which developed at a later time among the six
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symplomatic cases.

¢) Pathologic studies.

1. The irradiated spinal cords of 18 cases of malignant tumors were studied pathologically for
correlation of radiation dose and symptoms.

ii. Pathologic findings in three cases of radiation myelopathy were reported in detail.

2. Biochemical and pathologic studies.

a) The long-term effects of head irradiation on glycolysis were studied in vive in rats and mice
using 14C-labeled glucose and acetic acid.

Following single doses of 1,000 to 10,000 rads, early, profound dose-dependent depression of
glycolysis was found in whole organs and tissues, in advance of pathologic findings.

b) Macroautoradiographically, rapid glycolysis was observed at nearly the same rate in the brain,
spinal cord and radices of spinal nerves without local differences in radiosensitivity.

¢) Analysis of the #COy, radioactivity of #C-glucose and its metabolites in organs and tissues showed
a depression of the anaerobic phase and an accerelation of the aerobic phase of glycolysis.

d) Pathological studies of effects of modifying factors, such as atmospheric 95% O, + 5% COy
inhalation demonstrated a tendency to increase the effects of irradiation.

3. Electroencephalographic (EEG) studies.

a) Changes in « waves, including deformaties, reduced amplitude, reduced appearance time and
impaired harmonic driving, were observed in all hypophysectomized patients, following prophylactic
irradiation with 5,000 rads. They were observed markedly in the non-irradiated regions as well as than in
the irradiated, indicating a general result of the irradiation of diencephalic structures.

b) Averaged auditory evoked potentials were depressed with slow recoveries of more than one year
duration, following 5,000 rads irradiation. Cumulative radiation effects following repeated irradiation

of the central nervous system were strongly suggested by the results of this study.
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Fig. 1. Age Distribution of Radiation Myelopathy
(53 Cases)

Table 1 Radiation Myelopathy Cases in Japan

| - permanent | transient
| type type |
| epipharyngeal cancer 6 0
oropharyngeal cancer 7 | 1
-EE hypopharyngeal cancer | 4 | 0
| % | laryngeal cancer | 3 1
3 (—
'Eg malignant lymphoma | 7 1
*% thyroidal cancer 2 3
i | oesophageal cancer 2 0
others 2 0
|—__1 subtotal 33 6
| lung cancer (including 6 9
mediastinum) >
w l oesophageal cancer 1 0
_cg Hodgkin’s disease 1 0
E | breast cancer 1 0
seminoma 1 0
subtotal 10 2
£ | pancreatic cancer 1 0
E, seminoma | 1 0
% subtotal | 2 I____ S
Total B
— —d e
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Table 2 Radiation Myelopathy Cases in Japan S |23 SiSs|ls| S|l Ss|Ss| S
Transient type | 3 o =
" Permanent tye | 45 (1) | g B
B ERsE|S % |[%|8|8|=]|~=]|8
Small field* ; 14 (3) IR
S S ] S | S S e B =i
* ! . <7 -
D e felE R (LG = 3'{«?5 vjlo|lo|lo|lo|le|lw]|o
Total i 53 (11) g pES S N A T N
- L e
() : Autopsied cases é"* Ei o v
*  Less than 10 cm of spinal cord irradiated . E;‘ "g vi | w | @ o (ol 'E:
##  More than 10 cm of spinal cord irradiated 2 = Ble e | o ‘@ 2al 2
= - |l 8|8 £H 28| &
. . S| E | |EI1E|E |2 |B8EE| 4
Table 3 Radiation Myelopathy Cases in Japan = 3 E g P 8 |58 E%| £
5 |28 |2 |9 |8 |03 E&| 8
S - i o - )
Ret Permanent Transient : ] /m - =] =1 A [RE (AR | /i
type type =%
over 2400 3 0 &
2200 — 2399 4 0 g S
g 4 =
2000 — 2199 5 0 212 lslalalals g | &
1800 — 1999 7 2 & :,o AEIEIEAR AR R
1600 — 1799 7 1 BRI A IR AR
1500 — 1599 4 0 2 ElIE|E|& |83 &
1400 — 1499 2 0 ]
1300 — 1399 5 0 g ls|la|l=|2|=|=|=]=
1200 — 1299 1 2 |
1100 — 1199 0 0 S ||l =2|lw|luwn|w]lw|o|w
< = [ap] o [1=] o | uw
1000 — 1099 0 0 \
0= 999 0 2 E.é; “ ||| w|w]|o|~]|w
Total 38 7 o
| i
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Table 5 Permanent Type of Radiation Myelopathy Following

%a';? Age Sex ! Diagnosis ! Clinical symptom Irra:}iition ! Tl:c:zitgy

1 43 M l Neck/RCS Paraplegia (5] P

2 51 M Tonsil/Ca Paraplegia (] I

3 29 M Neck/RCS Tetraplegia (el ¢ ib

4 56 M Pancreas/Ca Paraplegia L X (Sieb)

5 38 Epiphnx/Ca Tetraplegia G JE

6 52 M Lung/Ca Brown-Séquard S. T L

7 51 M Oesoph/Ca Paresis C L

8 51 M Pharynx/Ca Paresis (¢ L+4+Co

9 55 M Pharynx/Ca Hypoesthesia C | Co
10 50 | M Lung/Ca Brown-Séquard S. s | T L

11 65 F Breast/Ca Brown-Séquard S. T L

12 67 M Lung/Ca Brown-Séquard S. T L
13 51 M Larynx/Ca Paraplegia C Co+X
14 38 M Larynx/Ca Paraplegia @ Co+X
15 32 F Neck/? Brown-Séquard S. T )i

16 18 F Hilum/Hodgkin Brown-Séquard S. T E-+Co
17 60 M Tonsil/RCS Paresis Hypoesthesia (] | Co
18 51 M Epiphnx/Ca Hypoesthesia (3} Co
19 53 F Oesophagus/Ca | Paraplegia T Co
20 28 M Tonsil/malig. lymph. | Tetraplegia | (o] Co+X
21 31 M | Seminoma | Dysthenia | L | Co
22 54 M Pharynx/Ca | Brown-Séquard S. ] Co
23 31 M Seminoma | Paraplegia T L
24 24 F Neck/Hodgkin | Paraplegia C, Co
25 34 F Neck/RCS Paraplegia C Co
26 67 M Pharynx/Ca Léhrmitte’s S. C Co
27 60 F Hypophnx/Ca Brown-Séquare S. ¢! Co
28 45 F Epiphnx/Ca Paraplegia C Co+5
29 36 F | Epiphnx/Lyep. Paresis G | Co+g
30 60 F Epiphnx/Ca Hypoesthesia Dysthenia | C | Co+8
31 54 M Epiphnx/Ca Tetraplegia | C | X

Irradiation site

C:

cervical, T:

thoracal, L:

B L IIRKARBAOBTHARRLRh TS
FMbRBIRS. 2ok, BOBB TR |-
SRS AR
SEID7 v — FET X oTE b2
*, BHIFO k&L, BHEE < ¥EmL-
&2, 3%).
a) —fi{ERY (transient type)

lumbal portion of the spinal cord.

HARORRIC M- H B, 9ooret [l kic
WH L, #IR 1.6~6 2 H (FiIst36H» A)
T, KEIRIX 2 ~ 9 A Lic., SERE@ A
fisike, Léhrmitte’s sign k45 CH 555, Brown-
Séquard FiEfh d 2 @ RSk, ik b —@iic
Kl LRSS 1A BRI, §62 T KIE OB
HREBARATREETH H. (2T 4 2R).
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Irradiation of More Than 10 cra of the Spinal Cord- 31 Cases

931—(7)

Cord dose Ret | moriad | O orvad Remark | Hospital Reterence|
(radsf]",i’day) e F;;;:)_) g)::;;;)’) emarks | 5 OSpltE', elerences
5650/24/56 1650 24 | 14 Multiple fields Ganken Hosp.
6G000/20/45 1870 20 10 Diabetes mellitus ” (36)
4000/20/45 1250 26 13 Multiple fields ”
4900/22/44 1370 84 67 Diabetes mellitus autopsied ” 23 |
6300/13/102 | 2030 | 8 8+ | Db et 3500s autopsied ”
6900/23/49 2080 4 | 5 59 CO,+95% O, ”
| 6500/34/46 1800 29 2+ Nat. Can. Centre |
| 8500/49/68 2140 27 36 ”
| 8200/54/65 1960 | 15 3+ 7 !
| 5200/27/39 | 1550 | 36 24+ i ,, _
5600/32/50 1580 33 13+ [Keio Hosp. (27(35)
[ 11000/57/71 2620 18 3+ Autopsied | # | (27)(35)
| 6750128065 1930 | 33 11+ | Autopsied E g‘;ﬁff"H“g;f' @D
2630 23 9+ Autopsied [ D
9500/30/75 1790 1| 11 Toranomon Hosp. |  (44)
5100/18/43 1300 15 | 21+ 2 fields Nihon Univ. Hosp. |
3900/20/28 1380 4 | 17 | Sinshu Univ. Hosp,
3060/17/29 1870 38 | 36 ”
6650/35/44 2040 10 | ? ” |
7600/40/50 1330 | 12 | 78 Kyushu Rosai Hosp.| (15)(16)
366/16/22 | 2618 | 29 | 3 | | Toho Univ. Hosp. | (31)
| 3 24 4 fields a [ [€1))
6600/23/69 1300 6 24 3 fields Chiba Univ. H_c-sp_f
| 4 34 Autopsied Gunma Univ, Hosp.l. (22)
? 5000/23/32 1650 8 6 Autopsied Tokyo Univ. Hosp,|  (35)
; 6650/34/64 1760 2 7 ” (13)
5800/28/32 1710 10 6 ” (13)
12 41 5% CO,+95% O, ” (13)
31 25 5 Fu 1250mg ” (13)
8 204 ” (13)
i 20 20+ 3 cases irrad. Autopsied Osaka Univ.ch_Ep' (27)__ i

Therapy mode

L: linear accerelator,

Co:

telecobalt, betatron,

8:

Xt conventional x-ray.

b) k4 Al (permanent type)

#5, 6RDHIOR, 11FIHHIE THER S h
Twb. KBHEFOBE (R E10emll X ik
Mg$) 1k1200ret LLET, NRHEFOBE (10cm
LIF) tx1400ret LLET, 5~367F (1~24
b A\ R TAE) ORI A DT B L
fo.

ERAAE R OEFER I 4, 5, 6ERTHEY

THHN, FEHhcow TRy BB I i
13)15016)22)28)27)81)34285) 862 43)44)52)5860) )

P ofER e TS L ik T h B
2, Bhe—HFgRHeT S A LR T 5.

EEEAIL2E GEFR 1 ~6, 32~37) X, filhi
R Cka g VAR TR OIS, MERE, %
Fi, BEEENRL DR, KT, &
Tl & o HEpmiSHER & 3% o & i,
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Table 6 Permanent Type of Radiation Myelopathy Following
(l{?:: Age Sex Diagnosis Clinical symptoms In-a;dii:tion Bﬁfglt'l:p)?f
32 32 M | Tonsil/Ca | Paraplegia N c L
33 51 M Tonsil/RCS Brown-Séquard S. (3] L
34 58 M Larynx/Ca Brown-Séquard S. (5] L
35 74 T Oesophagus/Ca Paraplegia C L
36 37 F Epiphnx/Ca Paresis P L
37 54 F Lung/Ca Brown-Séquard S. T I
38 21 M Hypopnx/Ca Brown-Séquard 8. B _c _Co
39 69 M Lung/Ca Brown-Séquard S. 0P T
40 61 M Hypopnx/Ca Paresis C L
a1 | 56 F Thyroid/Ca Brown-Séquard S. c Co+ L
42 | 40 | F Gingiva/Ca Paresis C L
43 35 I‘ F Maxilla/Ca Paresis Hypoesthesia | C X +Co
44 46 F Thyroid/Ca Hypoesthesia | C Co+ 1L
45 43 M |  Bronchus/Ca Hypoesthesia _1 i Co
Brown-SéqHard HEIR b AEEE D DR ETIA~BLT o st siti (<10 0w
= B J:%?n ﬁii’ﬂ‘ﬁﬂgﬂ, 1% mﬁiﬁﬁﬁ%% L ﬁiéﬂf i) }J" 3 ¥ o !i“ °'s; r,,:{:;‘zg STMDROM 1N
ot FRBRIE 2 ~ 6 H AT 588, g i t3
&ﬁuﬁ&t%%ﬁ&b,4mﬂ¢%%%ﬁV~ o .
MZHNT % Brown-Séquard FEHREE X B HE
WaR Lic b 051561 (33%) 1o bt N S
WAHRATB 2 ORBICILE  OfFESZ B R ; .
50, EHAF & U CBIIRBEESE (B ) o
e, BEEGR) , WESRB A T IRGHARLE L DI b h v ? ' °,
. " 5 - 2620
TWBHD, JEf 2 KO 4 O 2 GICHEIRE D&, : .
HEGI5 B 086135 7% COy +95% Oy B AT RS . i S— -
Dfifebiiz b O ThHB. FEGI 5 I s\ TR T P
Frifi 4 O—Elk & LT diabetes insipidus o &ff s segn © > 1.
P33 B, (RENE 1 H5000~7000ml 12 L) . ¥ « 1
1 000 2500 (iaps)
RET

SRS PEAEDR & LC Horner $ERAMER] 2 1 B,

bhic, fih bl DTH b DOTHD, BIRE
W28 e e ORI AR REFID - B R T

WAHR, BR LB B o<, B
W7 D FREENE N PN 2 YA HEBRG B IE & BIFR T 5 4 o
Elbh s, @RS RECSE»S <, HY
KL DRI E RS,

D. Frifii A o g

KRARASGI, FFEERRE O S A TRE CTH ot
3FNToNT, k4 OFEAIC R - rad > F LY
HHIE 2477\, Ellis O%1$65TN 8 D (ret) &3k

Fig. 2. Cord Dose (ret) and Latent Period(mos.)

s, ThEWRINEDBIRE 7 e » b Liz g O

H2HThsb.
B REIH AR R Ik DB Ch 5.
a) /NNBREEFOBE (<10cm)
b) KIBSHEF D4 (=10cm)
c) —iBiE:ogE

: 1400ret
: 1200ret
t 90Qret

ZDREIM Bk O EDHBRDS,

d) ZEETFHIBE OBE (Bl~EERE Y v

W, SEARES: &), MARREME TS %
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Irradiation of Less Than 10 c¢cm of the Spinal Cord- 14 Cases

| ( gﬁ;ﬂi]?%):; ) Ret ; I}égl:i:(); ] ogs%fli%dtsgi Comment Hospital Reference:
bO(}OfSO{clO | _1_706_| -_H ] ._...,_2.5' SN | S S — ﬁ(}_ﬁﬁlﬁ;ﬁﬂH«'ﬁéﬁ.__ — |__ I
4100/15/29 1450 14 24 ” | (36) (52)
7400/37/50 | 1960 26 1+ " |
8200/41/58 | 2110 50 114+ autopsied | (43)
9000/30/47 | 2520 20 21+ autopsied (31) (52)
6000/24/44 1810 | 4 9 ”
e i M S s ——
9200/44/62 2300 ! 22 | 36+ ”
5600/39/64 148 | 6 | 8 " Keio Univ. Hosp. (35)
| 6200/35/46 150 | - 8 104+ - ” (35)
§ 9000/47/69 2250 38 36+ ” (35)
| 7000/46/68 1760 12 36 % (35)
| 9doo/61/74 | 2200 | 36 | ? | | Tokyo Univ. Hosp. (13) (59)
0 o rms (300 L, £OHFER RTwiew.
L By B3 4, 3k DO IR L DSERITLFIC D\ TR
"o o : = HLTA, A L DBIRERD TR, flix 0
T, .. ° e - WFSERIMMcBIET 2 C LRIFHRTHE P, &
- o . vt e BRI DT A I fBiggic X BRI O TERE(L, &
o] I N o, T ORI 5 1T 5 WEREIOBSI R & e 5
n C) .ﬂ:ws .:.“ L 2L 3)- .
I - - A LTI D BYR
e [N S a2 %4@&%?&k,fﬁ®M%Lt%%®ﬁﬂ
LATERT TERTOD ome 26 ~364 HAFELTWBD, 44 L oIz
Fig. 3. Age and Latent Period(mos.) BT, REH 3 4EEL L OB 0 b 39Y
B. W & 44 & OB CRERB LD, B LS TR
AP EIRT L Lo, i g O RREIRRE .
BEE S IMEE D& OF 52 M5 HINT, S ummrma (1l b
A LI E OB RDE.  (F3R) 20 e
s, o I on
a) RN 2 ~3 4 HhB15~387% Higlh < @ o o . o
DAL T\ B 53, 12~24% HiC peak 7% Hh o oo o o - .
. BEMBITRTETHS. T ORUCE R <o wt e o
WA HEREE O— o DKL E 2 Bh . wp o ot L
P4y & PRI DN R R {1 % R ) o,
RN ¢ 3 2 1 F) 0 % a4
c) —EDL O 7HE TR, Wb 1~ SURVIVAL -

SARBCRIEL, 2~ 97 FOFEROE R

Fig. 4. Age and Survival(mos.)
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Table 7 Modifying Factors of the Incidence of Radiation Myelopathy

I. Animal experiment

Author Year | Animal Modifying factor i Result Comment ‘
S | A R e E—
Asscher?® 1 1962 | rat | hypertension ‘ 1}00-—3()0{}11 \+) 145mgHg
Breit*® | 1965 | dog, fractionation dose ‘ 500R X 2 >200R x 5 | dog>rabbit (weekly ‘
| rabbit dose ! Incidence ¢ dose) |
{ | field size Incidence 1t |
Zeman®" 1966 ] rat | individual variation large large }iost::small i
Cholesterin diet (=) ;::izgon in latent |
anaemia (=) [
ultra-sonic, edema, Incidence ¢ |
infection {
9% 0,4 5% CO, Incidence ¢ latency, pathology
| anoxia ?
? 1969 | rat | Actinomycin D) Incidence ¢ same for brain
[ Ashell et al®®, 1971 | rat y 1.3ATA O, Incidence 4 2500R/1 F
II. Clinic
‘ Author | Year [ Case | Mod1fy1ng factor | Result | (.Jomrnent
— - _I._ _—-I-. —— e — — - - S —— e —
| Coy et al?®, i 1971 | 7 ! fractwnatwn schema Inmdencv t ‘ twice weekly)dally
' | | | hyperbaric (S3ATA) O, . ‘
Van den Brenk® | 1968 T h)'perbarlc (4ATA) C> Incidence + !
G. FEEE Iz 2 {7 204y, BEWATF(L4H95% O+ 5 %C0O,)
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DFHIIARTTHE ThH 5. S8« 0 FHHA oo
&, RIEBMRTOLANTHEND, BRLE
BIhaLER D 5.

H. TFiRRAH b & M RT

55, 6 P Time-dose-relationship %75 L 7z
& O T, KPNBEHTFIERHA G 3 Boden®? L
Pallis®® it & DElICin b, —iiiko % hidPallis
O L VFRIEL 72T 5. KIBHHIFIZ B\ TR
ARG 1T 70 DT liER (BB S, 0T
BHE oL 3R >200m) MMEEY DTV
Z HERIfET 5.

27 1%, Boden (1950)®%  Pallis (1961)%7,
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Fig. 7. Relationship Between Overall Time and Dose

Franke (1960)' D3 % M 2 d DT H B,
DI DFEGI ORI TR RS 23 Maier
(1972) o=, (FEHELARGH T REH) £ &
{—FHLTAHZ LIXRRLHB, N DEHED
fE#H+ 0.262%, Cohen o iR D Th & —
BLTWDZ ik, £ oA M2 IR &
LTwb I ERREBT550LBbhs.
PAEZ2edEd 5 &, 5l 2 i 212 Boden
ROt Pallis orhe -8 LTwBE % 2bh
%. L L Boden Wik Pallis offif4fikis,
conventional 7gRR§fHIRYFRE /A A L& D
bOTHD, FHEERESFOB(c X hERY
U 55 Lk, Franke'™ oI ofsEsn
RELTWAMTH D, BEEMET X OoTLHA
R OET 2 FR L TR HE L BT 5 R & TH
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.
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I. BEEOVNE
Radiation myelopathy o /472 EAT N T- Iz
2T, Wﬁ4n ﬁ%ﬁ@ﬁ%é@&k&??

ﬂ%ﬁ%mﬁﬂﬁﬁﬂ%) i?‘i?h {IC.I-%]-J-- L Cb ) é:'.?‘_1
hhb.

AT D Op W AFIASHEDOBE, A O FeA4:Hhn

B Xhoohbs (Van den Brenk’™, Coy
et al'.) = OEORSHRM:, BIb 5 ER i o8
MU EER 295 e ko, MEHERD
KT3I 2 B REHE i X >CmbhTo
%. (Rubin and Casarett, Franke, Breit)®.

= ZCCHRITE N Lis\u & &3 Boden i Pallis
DL Y ERBVTEH, REBDATIRELT
Witz & A (functional toleranz: Kramer
B), ZDFW & LTI, i & BRI R 0% 0
e & o [HER %z Zeman D5 o F [T\
TOEHNH D, Zeman™ 1 J s RIS Y
(days) = 1.589x 108 x 3110 (yads) |2 J -2 Tif
Shd, REEBRINSEEAT S &, R
WO TFHED20~30% I #T 5 o &, fitht
roTlfgErOEMEBITHE LR, T
HhOPIFABFR, RoonwTt bE O 2023
FFHo i I oTHMHEhsd Z EPRERTH
% (Breit)  HAgg s o #E8co\Cix, J[$koE
L E TH#E 084, TR L fxn 53900
54259

L CTFRTFRE D FTHE & WS R~ D0 b Wik 5
EFoT 5D LI,
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Radiation myelopathy OFHIFEE, Zsic
T BICHERHAT 5. EkT oFEOPIRITE
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Tacle 8 Reported Radiation Myelopathy
o Irradi-| Interval . N .
’ . . s ‘ Re ded i Refer-
Author Year | Cases Diagnosis a:i 1&:11 ((;I::n)) tc-lglf.;[:égego:es Remarks r:ﬂz;
Ahlcom 1941 | 4/235 | hypopharynxjca ' C | 12—24 | | (D)
Smithers | 1943 | 1/66 | oesophagux/ca T 15 (45)
Greenfield I 1948 | 3/180 | testicular tumor L 3.5 (18)
| | ca of head and 2000R/1 F |4 cases are
| neck 1—15 [3500R/17F transient ]
Boden 1948 | 10/161 P, C| (7 3‘)’ (large field) |D=1490 RTO-2¢ (6
£57 4500R /17 F D =1920 RT®-2¢
(small field)
| ca of larynx, 1 case is transient |
Boden 1950 3 thyroid and Cc | 12—70 €7
nasopharynx
Jacobson | 1951 | 13/332 | hypopharynx/ca C |14-15 (25)
Malamud | 1954 1 nasopharynx/ca (8] 14 (30)
Itabashi | 1957 2 tongue, larynx/ca C_|4.5—15 o (24)
ca of head and 7—50 4500 R I
Dynes 1960 | 10/800 | neck, lung and C, T| (@ ‘l)') ! (12)
mediastinum S
larynx, pharynx 20% lower than
thyroic’l and ’ Boc[(:}n s
: - bronchus/eca r 3300R /42 d D =1150 RT*
Pallis 1961 5 C, T| 718 (large field) |D ==1490 RT0-2¢ (37
4300R /42 d
(small field)
Parker 1963 | 6/125 | nasopharynx/ca (¢ (38)
Vaeth 1964 | 3/323 | all patients C, L (56)
ca of head and I(ower than Pallis  |all cases are
. ~ neck " 2-—14 |(transient type) transient
Jones 1964 i C (17) |[same to Boden (26)
| [ (permanent type)
‘Held 1964 g ca of neck Cc |17, 18 (20)
Fletcher 1965 4/112 | nasopharynx/ca C 5000 rads/6W (14)
Atkins | . 6--29 |4750 rads/25W higher incidence =
1966 14 [all patients » L| (13.9) | (22.5 MeV @-ray)lunder hyperbaric O, ¢ 5
Raskind 1967 | 33/83 | all patients Y, L (40)
* 6000 rads; lower [*] year survivor
Verity 1967 | 7/139% all patients C, T| level for lymphoma (58) |
higher incidence
Van den | o1 focmx ca of head and . under hyperbaric
Brenk 1968 | 21/357% ¢ C | 9+2.5 (4ATA) O, 67 |
S S I S R R— — '3 years survivor |
Reagan [ 1968 | 10 I c, 1| 5N ' (41) :
| 1968 | : (13.8) | .
T | . ! lung and - 1500 ret )
Phlnl])s IQGS | 3!350 ‘ oesophag‘us}wca T 10 13 (small ﬁeld) (39)
| testicular tumor 4000 rads/20 F /28d |D =1430 T°-#77 |
| (1300 ret-large -+ 317 rads (Maier) 055
. . 4—15 |field) Incidence: 29
Maier | 1969 | 15/343 To L) (24.8) 1500—17507et: 1/12
- ! ~ 1750—2000ret: 2/4
S | —| - - - B
Tan ‘ 1969 | 3/22 | nasopharynx/ca C | 1536 irfa:i?:t‘;‘jf ;if‘,en (48)
1 N 4000rads/17 F , 2X/Wlunder SATA O, an
Coy | 1971 | 37 | lungfea ! T (8%
| 4/121 | lungfca T 4000rads/27 F , 2%/Wlin air ( 3.3%)
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| Solheim | 1971 5/1645] all patients | C | 5-19 | (46)
[ { | all patients 1P, C 1200 ret lall cases reported
i ‘ | (permanent) IT, L} (large field) in Japan,
| _—— ; __ay 1400 ret ( Dauthor’s case
Lo 45 (U)i ! [ 3—84 (small field) 3cases were
Tsuya | 1972 ‘ | irradiated under
| | | | . 195% Oxt-5 % CO:
| “
| all patients 900 ret |
I N N P S R R .
Large f« ld: =10cm Small field: <10cn
Table 9 Cases with Abnormal EMG
NSD(Ret) Routine EMG ‘ Evoked EMG
Radlanmn Myelopathy 1280 — 204[] i af4 ( 100%) 4f4  ( 100%)
Irradiated case with symptoms 1520 — 2030 s ( 35%) 6/7 (85.6%)
without symptoms 1200 — 2320 GMO ( 209, .) i aLo ( "0//)
Radiation Neuropathy (upper limb only) 1460 — 3100 "');'“ ( 1005’5) I

P DR ok i\ o OBHIRATE B T 5 R
L, Radiation myelopathy O—§Ef iZ 1) 55
B TELOREX RBHDHTH B,

B. Rt

5 9 ZOMW FHHIIVETTB LD
5. Z Orp Radiation myelopathy 4 4], FFHp7IA
HIRESTOIPMHRIER BT 5 4 0 6 6, JEROE
MARIER D & D294, HALRFII061TH S,

C. WHoESE

WBAT RN & FRBHE (Evoked electomyo-
graphy)SPsOSO80 -y % i Ui, Rii&iL lower
rotor neurcn OFEFEA, #HFixI= L+ LT upper
rotor neuron DFEE R H1D = bICGH L iz,

BRI EFRoRER € H#A L. B
IATERIOFEY, IR BELURRE 5 %, <
DR T HIEBHEALRE E LC, Rl
BhpRERRAE DB, AR OBRE, FREOBST
BT acaicivbh s,

o & R XBEES CREB R A T 5 &, R
HO—2ThH%HE 7 2AfHirb 2 MEOERELN
fBohs. —D LS msec @ D TME &I
G, i #FE25~30msee D ¢, O THY &Y
% (Magdadery 1z X jud, R ~F o 7 A

FHhc k>T4:43). chrxF b e LT,
ZolE H/M RRELL), PR, e, &
BISHAR, SOERREERSEOE, it Xy,
il A AN O UG Mo > 7 v T ARG OB
WE T bDTHS.

MR & Lk =gedigs 1318 %, BEflie
VEREMIER 3 F1 BRI Uic, TREGERAER
Wedts CuX, DM RIERNAL, RSN (%
L b, JBEE RTS8 o S A
BE, ChERERE L, FE1msec, BEED
0V & COER R R TR, B
b DFEFEEAL A L, BH L (F8E).

(a) [alfg bR Hidi(Recovery curve) iz L

Group 1 Fieers

2@

SuaLL Nerve Fimems

/ Motor Fisers

ENG Isu.rmn
APPARATUS E'IIMLILA'\ "OR
“j E i I

\“\5

Fig. 8. Method of Record:mg Repetative evoked
Electromyogrms
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i, [EFs 1,2,38-++10, 20-+ 100, 200---1000 msec
OZERERE V-, NoEks s e, HE
IR D [ G A FERE U 7.

(b) FRHEPIFAICEE L CIL, H¥ER L
MEOHIEEIE A BIE L, HM Rl

(c) PUESHRHERERE O %A1, K4
1, 2--10, 20, 40cfsec DJffE T205% i kg
IRV, kA @ o THEHETN OREE S L O
= DRI % R e 7.

RV BN D ERZFRE, FSERE G LT kR
FEMTERO WER (T oot hid REHE
L U C/NMEERE D b DR A AU, Blg
L, F/M [l (FIXFRoHBCHYS 5K
SHE) RO B CF#) HEE (FEH20~40
%) wFkwic,

D. #&%

a) FBRVEX A

1) FihmE i

9 (a) BB 2EhBE L 0 Th
HH360~-100msec THH Lich L, fEeni@
HICfY, 100~ 250msec T %R 321100
% H 2 B BE RS DR,

%
]DD s mi e Nees me s N EESS S B TSR s R AR B E
—
— ﬂ—-—i
" ————
—_
4

100 200 300 400 500 600 700 8OO Y00 100OMSEC
Fig. 9. (a) Recovery Curve
Normal pattern

Radiation myelopathy ¢k, BRI, B
B O E b 3L kY AR, 2fic 100
% %z B E MO WP Bh, BE 150%
e LT (E#I 3, 297 5T Tetraplegia %2 L

72) (B9 (b) .
HRGHERTRC, 100%BRE, 7HIF 64
5 1005 w2 DB ERL, T oFER 140
% B0 105% %7 Lz 2 fEf (FEGI 6 B U'35) ik

HRESRHMFEREE W335 HFl2H

%
150, /-\

f\\
1] SO 1Y 7 NS e
VMNQQ::::§25

50

100 200 300 400 500 600 700 800 900 1000MSEC

Fig. 9. (b) Recovery Curve (Radiation myelopathy)
All cases of raditaion myelopathy demonstrated
supernormality, which consisted on response ex-
ceeding the 100% level.

50

———

100 200 300 400 500 600 700 800 900 1000MSEC

Fig. 9. (¢) Recovery Curve (Irradiated Case, with
Symptoms)
All except one irradiated case with symptoms
demonstrated supernormality. 2 radiation rmye-
lopathy cases were later encountered among
these.

100 200 300 400 500 600 700 800 900 1000MSEC

Fig. 9. (d) Recovery Curve (Irradiated Case, su-

belinical)

d) Few among the irradiated cases without symp-
toms demonstrated supernormality. Irradiated
cases should be observed for possible develop-
ment of radiation myelopathy.
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1z Radiation myelopathy #3&fE Lz, [AA4iz
Brgt e 1 GNESRAB SRR DREE 2 3~ T b O
THot 9 (c) RD.
R, B OHERF b Db HE
LOFETHWAWHED LN, FIHEWH b 6 #il%
BT 100N FTh otz (B9 (d) K.
ELEo 320, ARHE—E Lz b o
10 (a) WTha, RLMPoOEEZ—IELTHD

9%
150}
1000 g = s
- v
50
IRRADIATED CASE RADIATION

CONTROL SUBCLINICAL ~ WITH SYMPTOMS ~ MYELOPATHY

Fig. 10. (a) Supernormality (Evoked EMG)
Supernormality was observed among irradiated cases
with symptoms and radiation myelopathy.

MSEC
150

100 oo | eeees

50b B ......... A

IRRADIATED CASE RADIATION
CONTROL ~ ~ SUBCLINICAL ~ WITH SYMPTOMS ~ MYELOPATHY

Fig. 10, (b) Latent Period (Evoked EMG)
Decreases in the average latent periods were found
in the following order: control; irradiated cases
without symptoms 'and with symptoms; radiation
myelopathy, indicating upper motor neuron distur-
bances.

& Radiation myelopathy J ORI RS IE]D:
FECARIGI D FfE RS b, RS AREE TR
P78, 5msec, SEAEIRTES . 4msec, FHERTF49.3
msec, Radiation myelopathy -©37.5msec T

939—(15)

= (3510 (b) ).

2) H/M Mol

SFERTETI0.99, SEAERTE-C0.98 & TERNCE
IZinwhy, FEERBER (Y Radiation myelopathy
TikE 40.82, 0.73L{EfEARRL, HMEFLHHRD
BHMED R Z R Le (8510 (¢) XD).

1.5
(] SR —ttr ... )
iz . —
05 :
IRRADIATED CASE RADIATION

CONTROL SUBCLINICAL ~ WITH SYMPTOMS ~ MYELOPATHY

Fig. 10. (¢) H/M Threshold Ratio (Evoked EMG)
A slight decrease tendency of H/M threshold was
seen in irradiated cases with symptoms and radia-
tion myelopathy.

3) B R EXNY: (Repetativ iritation-
curve)
KRFECIZE1L (a) Fomn<, WEHEE O
IMCHE>T, HEHEMOBEITEMR /b, 1~
2 36 B B Rfh—E D2 T 5. HIEEHE
FEDZETRER 2 405 f2 1 1045 D1 7 A RO
HiioExHih®EE Ui, BB oI S Wik T
VL 2 3 B DR ORI RGN IR UBHE LR
THY, FPEBROKRECEECEHIRMEERRE
Lichh, BREOMKIBETHS.
Radiation myelopathy "G, 4 {F|4={5»%EHE4L
DN E NI CIRMA LB TRETH Y, IE
WEBEPA LR R R R L, ik 100% %
Mz bbb Rbhic. BMEHOKEWERKRTS,
1BRWCCIRMBEEIIRECH Y, NEBEED
KL AEA A BR (11 (b) [X).
FEERFE TR, 2B L LR
WA AL, IEFHAETREREZ 5 SIRMART
bORR B KREWEEL (10, 20c/s) 12k
W b IEREMERR 2 CEVIRME 2o b D
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No. of stimuli

Fig. 11 Repetative Evoked EMG
(a) Normal pattern

Table 10 Radiation Myelepathy (4 cases)

AAEZRERESEE B335 Hi2E

%

1%

%
100
2%

00
100 &5
3%

% ————— IV

[ e —

5%

&,

100
10% | °

%

00N ALAVAY N DA
m%.ﬁ%&fV5fJﬁfv .
KN ON I s

3 Normal raﬁgeI d Ne. of stimuli

Fig. 11.
(b) Radiatione myelopathy; all cases showed
hyperexcitability. (Dotted area inicates
normal variation)

Trradi- Routine EMG Evoked EMG(lower extrernity) J |
ation Ret Recovery| Refractory| H/M |Repetative| Clinical symptoms !
site | Upper Lawer curve period  |threshold evoked i

extremity extremity (%) (msec) ratio EMG |
— - m— S— |

FscC NMU | Paraplegia—

e 1950 | NMU | (later E.S.) 120 25 0.91 spastic Tetraplegia
(later E8) | PSR B I _(Fig.No. 5)

FScC N Tetraplegia
C, T | 1210 | NMU | PSR 150 25 0.73 | spastic N

Cromplex‘EfMU LowAvV. | [ | (Fig. No. 3_-'?) B i
c | 180 |[Ff5Cy | Pswr 105 | 50 | 0.70 | spastic | cprpeediaid S|
S — B Pl - ol 3 |
FSC FSC eoi i
c | 2030 | NMUJ Y 05 | 50 | 067 | spastic | s :
H, A. H. A. & : PARE | Bie. N ‘
ComplexNMU| P 'S R (ReIREEI |

NMU |: Decreased NMU, FSC: Fasciculation voltage, Low A.V.: Low amplitude voltage,
PSR: passive stretch reflex, H.A.: High amplitude voltage, E.S.: Electrical silence
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!00 %ﬂgsﬁﬁn

18| e
: 10

100 s

2% N iy

&3 Normal r-ungem No. of stimuli

Fig. 11.
(c) Irradiated cases with symptoms; three hyper-
excitable cases developed radiation myelopathy
later.

BAflBY, Fodho 1 H s #Ic Radiation
myelopathy MFIE L7z (811 (c) ).

SERERTE UL, S0frhEIE R TRE LD TR
Dyofe24Bivk, RBERFFEM PRI b M IEF 2 BhEE
P ote. [ dhiR CRE 2D 6 flit I\
T, BEREESNBIETH D, 5cfs 1Kk W TR
MIETEZERHREIR 2 B 2 e B IR M AR Uie., B
o/ Xl TR gL B Ot Serinoma o 2 4%
IEFABYEEEA 28 2 DATE/R L1z (11 (d)
EON

4) /IR

PLERBFA; R B % 1< 3 Tk, Radiation
myelopathy @iz, 35 {738l neuron D
FERET HREIAAE bR, Zhuk Radi-
ation myelopathy DFEFRAT R, FEREMKENRT R
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\________.-..__4._..__..—_.--—---_—-—*—--._..-—

‘“0 {@w@ =

10

Sen oo ey

10
3 Normal range

Fig. 11.
(d) Irradiated case without symptoms; some hyper-
excitable cases need further follow up.

No. of stimuli

TS b0 Bbhs. FRERTED 7604 6
Bﬂ”" |:“[.f:.Hﬁ%&z}ﬁﬁﬁf%ﬁ?j%.@‘rcﬁiﬁs éfﬁab‘
ﬁrr_ z a)q:fp b 2 | Radiation mywelopathy‘kgﬁ

ﬂo’i’:&ﬁﬂl@ﬁeﬁ"xﬁbt = é- i, zkgma) screeing
@%"ﬁé Mmbh, GHD followup AHETH S,
) E AR
4510371 Radiation myelopathy 4 {f| D% &
AT R AR Lo, (b BRI RASA T H 5 03,
Tl passive strech reflex »% 4 54 < 5
h, BRGEROFTREHFEE 2, B AR
DREFC X Y KA TEREBER LicbD L E LD
5. EBEIoWTHREED 1 FlRER EL5
Fasciculation voltage 2\EHICHE LTEDb, 7F
AT AMa O EHENE 2 bh b,
HAREIREE 7 fli 3\ T, Radiation myelopathy
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HAREZEHRHAFESMERE B33% W28

Table 11 Irradiated Case with Symptoms (7 cases)

Trradi- Routine EMG ill Exoked EMG (lower extremity)
Case | ation| Ret | " Recovery| Refractory| H/M [Repetiative| Clinical syraptoms
site eg}:}:ﬁt e:ﬁ;*::v rrelgt curve period | threshold| evoked
— ] Y (% (msec) ratio EMG B
Paraparese
1 T 1740 -—_ NMU | 105 50 1.0 spastic | radiation myelopathy
_|_(Fig. No. 37)
Transient sensory
2 |C, P| 1480 -_— normal 135 50 0.95 spastic | disturbance
[l Léhrmitte’s sign(4)
NMU | |[NMU | ‘ i |1 os | oo | Lower extremity
3 | © | %00 | LowA.V.|Complex NMy| 120 | 25 | 1.25 | spastic | FFG %
. T [ . Lower extremity
4 | C | 1460 PSR 110 25 | 0.55 | spastic | onsory disturbance
upper extr. transient
5 |C, P| normal = 110 50 0.41 spastic | dysesthenia and
sensory disturbance
FscC 2 uplpe:: extremity
- o paralysis
[ C 1570 II:«IIM i}l normal 55 50 0.75 normal Fooioperative
v L irradiation)
| lower extr. N
- paresthesia and
7 T | 2000 - |PSR 140 50 0.67 | spastic [P
4 5 -6 past sensory disturbance
| B Brown-Séquard S.

Irradiation site. P: pons, C: cervical spine,

[ Fasciculation, High amplitude voltage %o
BETRERTO0EL, BRHGBROMA L
PFe% 2 B 2 BN IFRERT AMfa DR EL HEE S h
5. ZOHRRERIER © FWc2 6] (GEH 6 RO
25) (X#%ic Radiation myelopathy % 3&JFE L7- =
EREA LI (BE1138).

IERTRC R RR 22 Lol b Db 5 B AN 2
FH LTAicw, TEEMG TUnitfiid 271 L
72 1 i34 Radiation myelopathy #- 385 L7z

GEBIST) . X LI DiES), MBEEEH RN
HThok4fl (EM4, 5, 6, 7) Tk,
WENCSLHE S H b Fasciculation, High ampli-
tude voltage %= |-fi7. neuron [ESEA 7303 AT
R &dtiz, Normal NMU voltage oiiz» (Unit
DA Xikilde, Complex NMU voltage & fif
FL, RIgEREERIE L. co4flixfhd
HRPRENC R ORRIIRSS, FAaTRI~ DA RSt
BEABIC B> TR IEREE © 205 b3 RiRRE#E &
KlizchDbELOND, SHOBELEELBR
688)47) (%125}
 BEAFRELS X h 7o 106 o T EE B E 0%

T+ thoracal spine

Table 12 Irradiated Cases Withour Symptoms
(29 Cases)

Age: 21-—73 yrs
Primary lesion:
Breast Ca 11
Oesophagus Ca 6
Tonsil RCS 4
Larynx Ca 2
Lung Ca 1
Ret: 9002210 rads
Abnormal routine EMG:
Fibrillation voltage
Fasciculation voltage
High amplitude voltage
Complex NMU voltage
Grouping voltage
Passive stretch reflex
Abnormal evoked EMG:
Spastic response: § cases .
recovery curve 100—120% (mean 105%)
refractory period 25—H5(msec (mean 45 msec)
H/M threshold ratio (0.54—1.0 (mean 0.77)

Sex: Male 14, female 15
Mediast, tumour 1
Thyroid Ca 1
Pituitary tumour 1
Seminoma 1
Uterus Ca 1

2 cases

[ U

ERERIRE T, HFRAES o 161 © i
Fibrillation voltage, Fasciculation voltage % %

b, BEHROFHRS OFEOBRTHA S L
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wmLTWB. E. BZEROVNG

#6511 Radiation myelopathy @ 1 4] (SEI a) Radiation myelopathy 4 EGIE AT HIEH
2) o EFg < Unit @&, polyphasic B, WEPERE bR E PR Y <D
potential DIHL % iy LT\%B. ZDOF] T [oske Ao TRET 5 S A SRS, - O FT RLEER HSER
Homer $EIE & fE27. I8 4 OFiff Tk Radiation E X =B, KEOBH LESIRIREREE L

myelopathy 0 4 i % 5 {5 FE BV SL R & b 7o bhsb.
Radiation myelopathy {4545 7 S 1/ . RIA B o b) BRG] 45D O pPENE IR 2 A3 B A
Rbhigwnz &b, #EHlZN L, followap 73, 7RI, AR RE RS, Bt ohhb
WEThHEEZEL BRB. 2 {f)e> Radiation myelopathy DF&5iE# Rz, 2
B IR DR BIR GRS 4 41 (G~ 880, SERDIE DD (BED & DxEis) 29F|OHT
960, 1100, 1790ret [E4}) %, MagHtedi« 1, bIHRRFINC BT R AR L DI bDHH 0,
6, 2, 4FHBITHAE Lo iERyEea s BB RO G HD follow-up HHEELE 2 b
o, D,

Table 13 Pathological Findings According to Varying Doses of Spinal Cord Irradiation

N Pathological findings
§3| = -] |
= 9l .8 =] ] =9 et
Case| , o 8L %9 |22 28 %% | 28| Clinical findi
ge | Sex Diagnosis RET 5| 88 | = 2 3 ® | 5 @ | Clinical findings Remarks
No. 58|85 |58 | SS|ed | B ]
2E| E 28 |m»® | 2§ | 35
AR ge g | Qoo |
o R
1[50 | M [Neck/RCS [ 1090 | 6 1 = = = — mermal | .
Testis/Seminoma
2 27 M +Embryonal Ca 1370 8 T, L — + — — nl:urmual
=l i lower extremity
3126 M TeStl.-!El’[lbl‘- 1441 10]7T 3 - + ik - sensory disturbance
4| 30 | M [Tonsil/Lym. ep. 1470 2lp, C| — — _ —  |[normal
5| 45| F |Lung/Ca 1540 4 T — — —_ — |normal 5 Fu
6| 74 | M |Lung/Ca 1660 9C, LI — —_ — +* Inormal *age change
7169 | F |Thyroid/Ca 1710 e, Tt — |[#—+ — + [normal
8| 54 | F |Ependimoma 1870 2T, LI + + + + EE}TJ .rrﬁz:sltl;i?s} tumor invasion
9 |53 | M [Oesoph/Ca 1820 | 33T, LI — | + | — | + I|normal I e
10 | 74 | M |Oesoph/Ca 200 1 T | — + = +  |normal 0,-FBLM
11 | 63 | M |Oesoph/Ca | 2220 8¢, Tf — | — | — | — |normal 5 Fu
12| 66 | F (Oesoph/Ca | 2240 | __Tc, T| — - — —  normal
15| 56 1 M Pancreas/Ca } 1370 | 15[| r, L| # H | + # |Rad. Myelopathy  |Diabetes mell.
14 | 38 1 M Neck/RCS ‘ 1950 ‘ 15(3 T W H ‘ # # [Rad. Myelopathy ~[Diabetes
il * insip., O,
15 15| 74| F |Oesoph/Ca | 2030 | 61 61| W  # | # | # [Rad. Myelopathy
16 | 37 | F |Epiphx/Ca | 2420 41| P # | # | # | # [Rad. encephalopathy
- Transv. Myelitis tumor invasion
17 | 39 | M |[Rectum/Ca ‘ 2540 2| T # # + + (Bone metastasis)
| \ . Diabetes mell.
| . ’ ‘ Garsin’ d [ .
18 I 65 | M [Epiphx/Ca ‘ 2650 | 15P, C| — | + | + | + |Cneastastsy lg]:;_er;&ammn

RCS: Reticulum cell sarcoma, Sem: Seminoma, Embr.: Embryonal carcinoma,
Lym. ep.: Lymphepithelioma, Ca: carcinoma
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c) HAfth 4 P HiERSAYIZ Radiation neuro-
pathy ZiRWES BT R Bt L D5 B A%,
EPNCTRAOHLCTE D, o 2R L
foEREHT B kot

4. ﬁiﬂﬁﬂgﬁ*gﬁm)21)22)26)40)6“63)&4)%)

AL i

MIGEIBHITH b, IS L1090 ~255(ret,
TG TR OMIEIRIE 1 2 A, BREI12427 » J
TS, Z orfgf, Fafiis X OMERfi g
W95 Uiz 3 o> Radiation myelopathy o
DUTHHMEAT B (F15%).

MBI GiEBI 4, 56T Mg

Thyg-Ly 12 E b, %Co v{#11370ret LS, 124
THAHA%EEM LT b o€, 745 Radiation mye-
lopathy % J8fii: Uz, Ry ifiFEAiiE (180/100mmHg ),
VRS, NFREZE, WalibiizA0F L, KBk
VR R OREEIR AR R bRt o kE %
L3 B AR L L, il g, A
EROTIE® Y v B R SRt

Li-2

T 5
Fig. 12. (a) Radiation Myelopathy (466-10)
a) Coagulation necrosis mainly in the white subs-
tance and partly in the lateral funicles of the
lumbar portion of the spinal cord (L,.,). K.B.

stain

HARE SO e s 3% 1s

Fig. 12.
b) Nucleolar pyknotic degeneration in the lumbar
portion of the spinal cord (L,.,). K.B. stain,
% 100

WM& E N DF Lie O4HUSERRK A
D& LT, HByHR R o> 25 09 o ik b BESE B R O
HRBIRIED R ey, I R O i fiia oo it
FHAIBAEIE THh ot Bis AR, - N
MRBEORIRC 7 4 70 7 4 PR Y, #
P BRSO TR R St il
VAR IRIE AN bt CRBURA: 4 S0 45K
ARHENEHIZ X 5)  (B12[).

F2p GEGIS, 38F5) LaiHbEE:

9525 CO+5 25 Op Wy A Fi21950ret [E 4}
IZ.X O Radiation myelopathy % J&iF L7-4 0
T, HRANCIRGHI G & b TE—C, Bl
JERR L, & A<, SRS L, Sksare
HThs.

HiRR A28 U C ks S BiSE I L (b L, s
BRI YRR & 7o b, A X PR IE R R O
PAZEA R Shte. MBEOZ(LEIA M & B
Bvics I BT O PRI S 2 v A
L, ZRiCim ki OESEA Y — 7 o g diliae
VL D D R O NaZE T B (R I
LR % DB OB MR AR Bvie, TR R
Jai — OF e UVZEHEIT L2 R B s = & weke
25E, O WADRHRE LE 220 AT
H OB B L aFFEA R SnT
W5 (18D,

SR BT B D AR I XFR A & IR
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fRich, RIEMREO KRB EORE W &0
HEXh, BARDBHREBLAS.

3 M GEMSE, 37F4) IS
MREEMN % LT 2420ret 1BE1E%, Radiation
encephalopathy % %5 L7z 4 DT, JEFEHILIELS
roTtHkL, EREBRIIE bR, H14
IR & 5 gl o0 KB4 B OVESE R i e s
PR, HEBBERE DR b R IIE DA fllc
FHWTH Y, BEHC—F L TR0 LK
TARLAS, #HkFEA ORI R %
(TRER\ TR C, LGRS, a0 %
e ZEVE R b 5. WRALHLN R OSLBE O/ NE)
HIROBEIRIE L 7 4 7V 7 4 V&M, XHiSMEIR
(RTFREBIIR) DM BMlaD® L v e E & B
. B < W, BaH 4 RONFRAER] 6 537000
rad/42 H W2 5)# 6  Hiz. Radiation myelopathy #
FAEL, 57 B, MEREEEIFEI D

C

Cs

Ce
Cy

Th-1

(E%é@) Th-3

Fig. 13. (a) Radiation Myelopathy (S-1374)
(a) Nearly complete coagulation necrosis is seen
in the portion of C,-Th; of the spinal cord.
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Fig. 13
(b) Cloudy swelling in the cervical portion of the
spinal cord.

Fig, 13,
(c) Irradiated skin of the left side of the neck,
showing marked depigmentation.
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-";"::%‘ i e N e e T T
Fig. 13.
(d) Complete coagulation necrosis is seen excluding
only anterior margin of the spinal cord (L;).

(e) Intimal thickening and perivascular fibrosis of
the wall of a small artery, surrounded by com-
plete coagulation necrosis (C;). Masson stain,
%100

Fig. 13.
(f) Moderate status spongiosus in the white substa-
nce (C,). H.E. stain, 3100

HARE SO SF SR 5338 M12s

(g) Nucleuns oliva, Nucleolar pycnosis and vascular
degeneration of the neuron. H.E. stain, %200

Fig. 13.

(h) Marked status spongiosus of the anterior portion
of the spinal cord. The intima of the extradural
small vessels is slightly thickened (C,). HLE,
stain, x40

(i) Spinal nerve radices were normal (C,). HLE.
stain, x40
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W fn484E12H25H

RA#HIET (BEHETHNSE B), HI LG8
BkH BREGIR RS L., & hic X ud BT —
BU TR & Al &3 A EE OB EIESE - Yk
WEMDRZ DR, HHRBOHELE 2 bhi

a) transverse section of the pons
(crus of trochleale nerve)

Fig. 14,
(c) Marked coagulation necrosis in the pons. K.B.
stain, x 100

b} nucleus trigeminus

c) nueleus abducens

d) mr portion of the nucleus Fig. 14.
(d) Marked coagulation necrosis in the pons. Mar-
X ked intimal thickening in the middle-sized artery
Fig. 14. small vessel. HLE. stain, x 100

(a) S-1067; Radiation Encephalopathy

(e) Marked coagulation necrosis in the pons, Mar-
ked intimal thickening in the middle-sized artery
small vessel. H.E. stain, 3100

Fig. 14.
(b) Marked coagulation necrosis, mainly in the
ventral half of the pons. K.B. stain
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(f) Status spongiosus of the medulla in the left half
of this photomicrogram. H.E. stain, 100

3

Fig. 14,
(g) Marked intimal thickening of the extradural
spinal artery. H.E. stain, x40

GBI . S#C ORI HIBB 2 DD Z LT X
D, MEOBHREHEL 5> 5% 0L Bbh ks
LEEFIEEZ bR,

B. ZEHERUV/NE

RIRIBGIAEIET 5 (HF135K).

a) LR R—BICEEOSE LD, Wik
FBORE DA T .

b) BEFRZEITEEEESE  (Radionecrosis) L 7
DR DE T RS, 2hX VEEDD DX
PR MR AL, IR, ke oo S MAEH:
PR bR, W@ (status spongiosus) % 53
5. —cAEAKEE T b U TSR K E
$, WEDEHERLTWS. 7Y THRORIG
ARG .

HARE SO e e idl 933% #1125

Fig. 15. Case 6 Transient Myelopathy
(a) Moderate coagulation necrosis in the lateral
and posterior funicles of the thoracic spinal
cord. (Courtesy of Dr. T. Nagase)

(b) Moderate radionecrosis in the upper half, and
moderate status spongiosus in the lower half of
the photomicrogram, (Courtesy of Dr. T. Nagase)

) BERMERITE « JIFR UL BRI &R
LTWwa Ay, JHHEEAANC regional sensitivity %
BRI E A3 2P RS b hicdsofe, SGLRR
DEZHRRKECEDRLE VLS THS.

d) MERDOZLIEAN & EIICR LR,
NEIIR, HIRIGCBEIRE, Tk, 74 7V A
FAEME, MRTBL, % DRI R R o
TAextE 2 a6 035 < Rbh, [HEEERAH O
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2IELTW5. XB), BIROWEORE bFE
e 5 ThA.

e) MEGTRFPNBEAT O phiE, FEMEEETL X <
I TR D, BOEEIEEHE Ch D o & 2R
LT 5,

£) 180, HRMEE, BEREO
AU X BIEMIFRIRE S h A EA LR R,
SHROVFERE L E 2 bhb.

HOL glycolysis [Z%}d % ISHIREREPIRET DR
B (HEbERIBE)

1. Bfy

FRR AR SRR P 35\ T IR b IR A I R £t
BHATE D, TOHILEL D energy H ph3E
ETHD, ZixEE LT glucose DE{LATEEIE(L
WS % (OFPRRG A 1 ) D T2amBl s LT, ik
MROPE L EFACHIEL X 5 & Ak,
BRICIOIL DL SRR AT FAHRIGHIC 35\~ C, radi-
ation myelopathy D &ENEHIRTED, O,
W X B SN b SO BIK B D PFJEHE & 7o
TUBH9,

WL #C-U-glucose i ¢ MC-l-acetic acid
e JEEEAESHE, 2 BREIDLPICE S Pk = h
% UCO, %L LT glycolysis 123 4 BHi
B OB EIZE Uiz, Wik glycolysis d40fk
W (- AR ) W RE T i
1% glycolysis DIHEFEIC B 1 5 - S M bk E)
#(Krebs cycle) iwiid % w35 7o
Huvbhiz (516[X).

TREEE LTHWIEDERKRD 42 Th 5.
ML MCO, IR (2 BERILIA)
ISR IRE )Y D 1CO, Pl s il it
Macroautoradiograph . J % {5
bt A st )

2. MRRBURFRE

{3 250~ 350 g @ Donryu rat %{Hff L.7=.
—HRIC ddY Rew v AefEH L. EROKIEAE
BE L.

{ERISEE « % 13MMR : 10 MeV Linac-X§

Bolus : Mix-D &% 2.5¢nm

JRGTET : SRS OBE 3 X 3em& L, S

TR e
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gllilcnse {extracellular)

ANAERDBIC
glucose (intracellular)

zlsgl:_oge-n==‘ G-6-P

-ZATP
F-G-F
F-1,Y6-P
2/3
glyceloaldehyde s dihydroxyacetone
d-phosphate =T phosphate AATP
FEP
032
lactate fe—— pyruvate
1/3 J
'5!:2 al:etyl—CoAFél ipids
L,
AEROBIC ci.t't tege mitochondria
rate
ox.aloaccﬁ Il;gei.trat-e
L ———) €0z
malife Ol ~keto-qlutarate 30ATR
2
succinate
TCA cycle
Fig. 16. Main Pathway of Glycolysis
(b4 AN
JE. .
—[EIfgFE: : 0, 1,000, 3,000, 5,000,
10,000rad

FEER ¢ 300~400rad/4y

el - RATT, RATER2ER), 1 H, 3 H,
5H GFs@E) wE b A—Enc o\ THERREE,
ESEA T e BE L.

3. HERE: ZOABEANERERS € O

A, MR HCO, R R O EINER (2 B
LAY

BREILY HiC X0 THR & hiciEsisp 1CO,
ARG Rk v v —a VBRIV, 28
HILIN OXERHIR & Hifl S5 & e, 218
BT H HCO, OEENER & Rd 2 D TH
5.

WEEXFEITHNCRT X 5 B, —
pE4 h 1C-U-glucose (50mCi/mM) %4 pCi, 3
i1 “C-l-acetic acid (30mCi/mM) #-0.83uCi ji:
SEHE, MR, WREOIRET closed air flow

* SRR o 5 o (A A BTLE vz Tonex TLD (BeO)
RUBUZFy A7 v — 28 FCTHE L.
RS (BURED BT C vk B RS 0 100 BA
TEileot, (BAL)
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Air Flow Syster;m - ]
Frash .y
TS} \ , SV=s
J‘f r_
MINI ==
PUMP ‘ I Ice 7 J
| | |NaCi | tone
(E)C —_\
H GEEUIJ&TlOTF_* _— = —‘
xhaust output Liqud Scintillation Fluid
M [
ik Scintillation Hypmine
Recorder [ 1 ] || Mini- Pump 338357
I - Flow -Probe (ata given b
r_“u—'] - tlow rate )
| ===__.._.._/"*J
/M (©) =
Scintillation  Counting System

Fig. 17. Outline of a combined system for continuous counting of expiratory “CO,
The system consists of air flow system and scintillation counting system. (S. Suzuki

and A. Shigematsu)
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Fig. 18.

Effects of Whole-head Irradiation on Changes in
Cumulative Patterns of Expiratory *CO, after C-
glucose Administration

A series of cumulative patterns of expiratory "CO,
during 2 hours after intraperitoneal injection of
*C-glucose. Ordinate indicates cpm, and horizontal
axis hours after injection. A dose-dependent low-
ering of cumulative pattern was noted.

Ji

000rad
!
e ___‘ ..... R\i ‘]
| -—__._.-—-'
Be i 2 3 4 W Bwi 2

DAYS AFTER XRAY - II?RADIATI ‘DN

Fig. 19.
LEffects of Whole-head Irradiation on *CO,-yield
Following '*C-glucose Administration
HCO,-yield (percent) shows a significant drop af-
ter 2 hours, followed by recovery. Incomplete rec-
overy was seen at 5 days in the 5000 and 10000
rad groups,

system rhiCiE &, MRS AIC RS e HCO, %
FOAN AW ks =+ 757 (KBFB) HEiF”
WL, £OERRSREY 2RICE D Rate
meter (& X O CHEGEALE TS Lk, BE5Lica
HHREC T B EIR A Pk v F v —a vy
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v & —CHlELTRDI.

Z DN RN E S sy, Rk
GBI L 5 5 REREEYNH 5.
XEic i3 % Stress DA MEHLL 5 2 b
HEWVAHETHS.

2 BN « BHC 1L ZER2000ml o 5
br— & — % FH L, 250~2000ml [T, ¥
B oI & F O 57 E DR (9 447) WA E
#ExRaichole, VIRPA~OPEIZ D E h
DY F THBHDT, S0 FHRCTE\TILZ
i L.

TTERE R & £ OFE :

ast 000 rad, 05
/\ Before irrad.
VA R VAN
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“C-RADIOACTIVITY OF RESPIRATORY COe/ i (W aga)
I
L3

r————

z/\ VaN

Z/\“‘ et .

0 60 o0 120 D 30 60 90 12
MINUTES AFTER INJECTION
Fig. 20.

Effects of Whole-head Irradiation on the Changes
in Combustion of 'C-glucose, 1000 rads

A series of differential patterns shows a dose-depe-
ndent depression in the combustion rates of ''C-
glucose. This effect of ;irradiation could be more
easily detected by the lowering of the peak height
and the delay in peak time. Paired patterns showed
remarkable individual differences exsist in radiose-

nsitivity.
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FH7 e P OERFlREEISROERCTRE A
T\h, FRERRE 25 & (e cpm % &
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DT, AREER IR\ T B (250~3508) @
Donryu 5 5 k% FV>, AFHTLOR; & 88 4 B @
Pl B Ao 1.
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“C-RADIOACTIVITY OF RESPIRATORY CO:z/Win ()

\ lL——_ —
D 60 %0 120 0":._3'0 W 0
MINUTES AFTER INJECTION
Fig. 20.
(b) Combustion of '*C-Glucose in Donryu Rat,
3000 rads
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&R, BRD).
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FIBERY 4 /> CTHotehs, Domryu 5 o b o> 2 B
PO EURER LT 1 < #9190 %1 L.

B. MERHEAIRERE (4) b UCO, Bl
F i

LA DEFMB WS LTHCL 0T, fH
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b%. ZOXNEHID pattern R D &, H20R D
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Fig. 20.
(c) Combustion of “C-Glucose in Donryu rat,
5000 rads
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(d) Combustion of '*C-Glucose in Donryu Rat,

10000 rads
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Fig. 21.

Relation of expiratory “CO, to radioactivity of
YC-glucose and its metabolites in some organs of
ddY mise intravenously injected with 10 pCi “C-
glucose.

D COy ~oBEchT 54 DT, 2nd MCO,
DL e © PREE (lactate, pyruuate, -
ketoglutalate, amino fE%—CO,) 1& f3f 4 5.

¢) %51 @ hump (IFFHIE I+ +E 2B 5
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LLED DO En oot X,
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W UYC-acetic acid DAL, &\ ENER R
JE LTy gD peak @< 2URTH B,
[Hf#E L main peak OWAH L H @B THD
fo (EE22l By kL Rehi.

C. Macroautoradiography

MC-U-glucose 4 uCi JERENIESE, RERFANIC
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=W A (iR iroh LWO TS » FOfLHE
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2 v b or -k, 251000 R B4, BOTEERL, 000
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G, 30, 45, 6000 12040t BEAZER L
fo (523 - 24 .
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% Os+52% CO; MATFROMESART (21~25
‘C) BEpHhToT, B, MTIEGF, BIT, R
Ji, Mk, B SRR MR A A AT T o T

PSRl & BEES-—IE] 1,000, 3,000, 10,000

ast Wi asp  000md ATP

Before irrad.

/N

3

.E

S

]

(&)

=

(-3

=]

5 H———— | RN
< =
=

N /\H

N -Z__T_'\-.\____ \___“
£ SEEE——
s 3days

S .

g N [~
S SRR

~— /T~
0 3 60 % 130 o 30 6 @ 10
MINUTES AFTER INJECTION

Fig. 22.
(a) Effects of Whole-head Irradiation on Changes
in Combustion Rate of '“C-l-acetate, 1000 rads
A series of differential patterns show dosedependent
depression in the combustion rate of 'C-acetic
acid. Initial depression was followed by accerelat-
ion after 3 to 5 days. Coexistence of ATP was

protective against irradiation.
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(b) Combustion of *C-1-Acetate, 3000 rads
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Fig. 23.
Macroautoradiographic Series Showing the Turnover
of “C-glucose
Macroautoradiographic series showing the turnover
of "C-glucose 30 minutes (a), 45 minutes (b), 60
minutes (c), and 160 minutes (d) after intraperit-
oneal injection of 4 pCi into adult mice. 20p-thi-
ck, Fuji-200, exposure 17-30 days. A remarkably
rapid turnover rate in the central nervous system
was observed. Homogenous blackening in the brain,
spinal cord and radices of spinal nerves was also
noted. At a given time blackening differed accor-

ding to organ and tissue indicating various turnover
rates. Details are described in the text.

4. BR

A. WS MCO, R S O AR (2 B

[HIEAY) b3 % SR — a1 gt o 4
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Fig. 24,
Macroutoradiographic Series Showing the Effect of
Wholebody Irradiation on the Turnover of "C-
glucose
Macroautoradiographic series showing the turnover
of "C-glucose 30 minutes (a,b), 60 minutes (c,d),
and 160 minutes (e), after intraperitoneal injection
of 4 pCi into adult mice. Animale received 1000
rad whole-hody irradiation earlier. 5 days. Fuji-200
Exposure 17 days. A remarkable ireduction in the
turnover rate was noted in the central nervous syst-
em as well as whole organs.
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Th5.

ZhBDE

1) EIE U CHEMIROETRAS R S,

) AR A0 U OIS 2 BRI oK F
AL D, DABRE E AR B A LT mIfE L
TwA. {HL 3,000, 10,000rad Tik[a|f »5 2L
LTwv5%.

N [ER A B 19 b h 55 D
THh,

1) #aRE 2l U CI AR R BT iKr
Loy, DAgiikinlf Ure. IS %
WRRIIEL T\ 5.

i) R B OGRS & LT i Tl
oMo FICIE Lo Tu .

Az HC-l-acetic acid DG HCO, D]
L3 21000, 3000 R MG 2 BfH TH % 0% H 5
85%, TS%ICAKTF L.

B. WAURAZIRE] (40) Y40 o> HCOp Pt
SR 3 % B 1 (IR O

HC-U-glucose  DYRBEAELIC b3 % fihi | D JF
S} 20 BB L 7.

BRI 2 fl-sofR Lichy, ZikfifgEo
WL RTHO -0 ThH B, FORE AL
<l

i) s U Tilo s EAME< 7o b, X main
peak (2 LALICHiIROMEE 0 &) LRI
e,

i) A>Tk, IoEsHK, £o
R b OB G R <, IS H
e BIE A2 BT

iii) JiiOREEL R TBTH D, HGHR O
WA YN B O Y Th 5.

N MC-l-acetic acid JAREM I 5 IR4HE
Wa BB LEFERRO L 51

1) g 2 Rty A b a2y, 1H
Plgas bl T, 3 ik, Bgmion
TS %, 5 AR IEE S i,

) M & Zie < fedesh R i R R AF
HThs.
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iii) PHZEEA T P 600pg/ 1 PL O MREHH#
ek hFELSBM RS,

LLEDRER Y, AEFMCERLTAB L, K
DifEmsE b5,

a) WOHRBTIRSNE, BB TI (2 HERD)
I, af (FHEER) MRREASHa i+ 5.
Z DEE AR LIZ T LT Bt 2 6
hicz SRR B 5.

b) BEIIGHIM RN, YC-U-glucose®
PRBEHE 2 BIET 5 0%, Fhe ko, et
PEA DIRBE S FRIET 5.

¢) HAEBIAGHE MC-l-acetic acid OPRIEH S
(PSR fERE) A4 523 1 B LU I L
TWwad 2 &b b, glycolysis o v B 5 i
W, BEREERREES oMt X 5 4 0 L iR h
B

d) AT P OFAETF THRIHEE N EM X h 5 o
EnD, HMLEOA T PAEEREI MENEEGED
lE#Rcig>Tuwv 5 & i b,

C. Macroautoradiogram (MARG) Jif i,

HC-U-glucose JEGHE ORIEM A R G TR (4523

BAEERERERME $333% Hi28

B BEkDLs5Ths.

a) FEHHE30~404) 1 304 1% T+ FES I
Sl BALHER L, 450 BT ITIN+ T O B LD

T 5L, IF, BEOEMREML, wky
T, MR DT Brown fat B4 bo HE A
b,

b) TEGH£605) : B, BoRErMETFL, #7F,

LETF L7

c) [ESHE 1604y : 2k OB LA—BI (KT
H LA, AR O BIERA ER L.

d) sNE AR (RO O A B T oM
AR G RLD IRl AR &) AV b i
TIGFEIT glycolysis #1772 Tk b, HIAHE R
WERT Z EnD, AL A—DfTHx & o
TWBE EPRE S B, ORI EBir 7 7s
ERHZBRIRWT & SFEH Lizv, [HAicC-U-
glucose 17 J % YLLK BT sk 35 & &AM
DPFFFC L2 THEShT VB2,

4L 1000R BG4, 5 H HiZ #C-U-glucose %
4 pCiERENTES R, FEIICE Hh MAR G
HH2OPNCIR Lic. F ORI DM THE.

Table 14 Pathologic Findings According to Different Exposure Conditions

Organs !

Main Pathologic Findings

Brain

1) Cerebral edema
2)  Small round cell infiltration

Adeno-

Adrenal |—
| Cortex

' Thyroid

| Medulla

Hypophysis | - =

1) Edematous swelling

2) Vacuole degeneration of neuroglia

1) Decrease of acidophil cells
2)  Increase of pyknotic cells

Degeneration of chromaffin cells

Decrease of lipoid in zona fasciculata

Decrease in the height of epithelial cells of follicles

Thymus

Spleen

1) Decrease of lymphatic cells
2) Atrophy of medulla

1) Atrophy of red pulpa
2) Decrease of reticuloendothelial cells
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a) Jd+ 3R R R R o B E AR IR T
60~ 16043 HRICHEA EHAT BIZELL, MHPIT
13, 30~6043% O BALITE T, 1604 EIC I\
THHREEORIR bR

b) i DB S 6053 E T, MERARIL 160
SBET, I, B HoRMEd 160578 Kk
TiE & oo, 2 LT Brown fat B4kl
16047 AP X HEL Lig o7z,

c) /M 2RO glycolysis Ji
OF DI e OBBERE LS IT 5 2 &
MR E .

SRS OB

a) 4R i o Bk, B0 A
1[@1000cad JBEHE, 30~604r TLEWTHD
A, 160 BRI T AT L, Fofiik
X & 42 Er1000rad [5G Opf] & Teo 7.

b) e »BALIX30/ e, MERMN, W Rqk
um%%“ﬁkk&b momam¢m¢L

#-. Brown fat DE{LIL 16047 f’u—'ﬁ’oé HE L
e,

c) B (B &Frif GEMGHD) ofdbo
MEAXLD L, WEERBEORSEEYR L.

d) /NE @ BEE O 2 D IBEH PN 5 1) B 2 By i
DRILOWFEY, EEBHG LI L TV5,
F OFRFEVER < B, BEIRG o s et i
EHCEGEIRTVWHC EDBHEESESD. W
Az HCO, D[ELR & L GG & B GH 6
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Pathologic Changes of the Hypophysis According to
Exposure Conditions.
ated with 3000 rad X-ray, under the following co-
nditions: (A) in air; the decrease of chromophilic
vely slight though dilatation of sinusoids was rem-
arkable, (B) in oxygen-concentrated air (95% O,;
decreased, associated with nealy destroyed meshwork
and sinusoids, (C) in air, with body temperature
crease in chromophillic cell and destruction of
meshwork and sinusoids were seen (HLE. stain,
DI THEELRBD Tl
(B) MC-1-Acetic acid JESHIES D 1C
HABEAR D o B EE R E 37 (107312) » fiTh $ 4577
BRI Lz, 2 & LT 25~454) DT

h
.o
ﬂﬁ [‘ . GU'J 'ﬁ
k ’Dl ’
v* WA
BB"‘CM e
Fig. 25.
Anterior lobules of the hypophysis of a rat, irradi-
cells and the destruction of meshwork were relati-
+5% CO,); chromophilic cells were markedly
controlled at 20°C; an intermediate degree of de-
4007
A, - M- e L, e 0Ny, BE,
iz UCO, KMBESh DD THD, 05H
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DMA R G TULf, ORI HENCHD SRS
DHT, MOBALIEE < l4 LTt

D. JRERRLESERRT R

Donryu 5 ., 1, 1000, 3000, 10,000rad g
—olEA 2770\ 6 HERICER L, #REosa%
SAMPT RL A EE U (BE1438) .

a) BFENCIE, Thoffcisuwed, BE
OIFIE, BMm2rRohs 02 tEEnkl, #E
95% Os+ 5% CO, W A FJE5#3000rad L) LIz i
RN % B .

b) JTFIEMARTEER, 3000rad [ i3S\ THE
etk ORI (B LR , i s, opik
W&IF (chromophob) HUf@OMA, Z5¥:, 4k
DIWMABER L7 b, HEOHIEE(L, Meshwork
DM, Sinusoid DILEET: &, LT V4NN
DEEEIRE SIS,

ZOFFRIY Oy MATFIRE TR EY T, 1K
AT DR RavZic gk < (§25[).

BAEGIFERCER L, 7Y 7Aoo Z ks R
b, MRIECHK BRI R X RS,

c) BTk, 3000rad [ i\ T,
BE D 7 v — s gIFnpEMah o Zefafk, ok,
EfE, i, J 00 zona fasciculata tho U 4 A
FERROWAOVBDLNRG. BERA TBHE
Tk, EEROZTEAELL, EiE® sinusoid o
i, Him»nbhs (#268).

d) M\ T, 3BEE LEMIREE Y v
SEROWA L, WEOEHNR R LB BRS. Y

HARE S e & MR H3ss wlow

TN e SITIRSE TN g ;g,j:u!* &

R N Y
ENGS R

Pathologic Changes of the Adrenals According
Different Exposure Conditions.

Adrenals of a rat, irradiated with 3000 rad X-ray,
under the following conditions: (A) in air; lipoid
droplets in the cells of the zona reticularis were
slightly increased (center of photo), (B) in oxyg-
en-concentrated air (95% O,+ 5 % CO,); hemo-
rrages with dilatation of sinusoids was remarkable
in the zona riticularis (center of photo), (C) in
air, with body temperature controlled at 20°C;
slight congestion and moderate lipoid deposition
dernonstrated in the zona reticularis (center of
photo) were seen. (HL.E. stain, 1 200).

VB AR IR T R A R B,

e) MIIC s\ T d 3FEE LB 0%
i, Vv oBROBADHELRE.

£)Y JF, ZYVa—r ol st b ED s
hab,

LA B BRI AT X 0 RIE Fa RO T
AR BIEMIa ORI W DR, FTIERRRaS & ©
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AC THDBHAWHIE D, ZICIE L TR
SRS B iz steroid hormone Oty H
7Y 32— YA D s EO LR, ko
Wb (LR T i), Ji v v ot ER
oW zR Licd DT, il Selye & stress Ji§
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Mg OPEFE R MEE SO X B Lo L
Ex bR, RSB AT P OEEET 2
SBRLTWBDOTHESS.

E. MEESRERE R O Mg (batnsed ir B

OFERTE7TH O TH b, BE ORI & It

@ ===@  in AIR
Py in Oy
O-—gg  HYPOTHERMIA (21-25°C)

BODY WEIGHT dlfmg)
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‘ S = -.ﬁ
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o 1000 3000 5000 10030 rad 0 1000 000 5000 10000 rod

Fig. 27.
Modification of Radiation Effects as Modified by
59% 0,+5% CO, and Hypothermia (21-25°C)

i, 1, HRcER oM EE SR bR,

AB PRIt = ¥ A B IR ST 9 0 ~
1000rad CrXMEA B R OB IE<F, BIF<H
RIR<p<Blg DN FE W & e b, X Oy WA
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e,

959—(35)

MAEAEACFEC IR OWSE, it 5
ko E&, Koot EEgs o B (EimEREE
A K BT ) S %F;ht.. X Oz We AF
KOS TF e oo J38 % , RRZh R
In O ({4l >>In air & f; 7= Eﬁﬁf”ﬁﬁ‘l‘ﬂ’)i‘rﬁé
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ml Bl L) o Tlgshicod i
T 5.
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5. BERUING

A, HEBHE XoT, 2FBHEOFE L
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B. fElEERK o BRI X 206, B
PR ERR I A B, BFSEEERE (Krebs cycle)
VR o TR X e,

T OFEMTC R B LT, R B % in vitro
O ol iia 1= > vT 500rad L) 1B 2 HER A
B, ATPO{EF L fructose-1-6-diphosphate 9§
MABFRACHBLT 5 2 &b, JGHIC X% pho-
sphofructokinase @ j%{%:{l—fructose-1-6-diphosph-
ate OEFERINICIAATP ORE>AT P DK
2L ARG ORI E L B T LRl
MLTEEIWD,

SO C &k S EE fRRE I YA T PRI SaC
IoTBE I i o LI X o T—HEH ST
HEELBRDN, BN L b EFED =, A F —
RREIR DT VBT LR LTV 5,

PR AR RIS B R O A (LR R
ik, AL v v, R Y S A
DHDONE BhBH, %O Caster HP 2348
700rad B4 7 5 P D KIED N A DR AE E
GOELE I WTTH X RURAHH, KK
0 glycolysis I3 % 8 56t b U T BRTE .

C. Macroautoradiogramfjiff FL2s &, |4, ¥,
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AR A ST Bk 5 = &, ik
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D, MFHESOTRCEELTIEL T\ 5 L%
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Kramer 5% §HEi{1000rad #BEHR 1220 T,
FJ@l% % frie\y, fi4 OB klEE 23, EEG
dysthythmia L\ 5 FHECTREhB X 51, Kk
@ radiation encephalopathy 3 [ G2k i
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1. BFEER
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Fig. 28.
Method of Recording Averaged Auditory Evoked
Potentials
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HoELHThsH, zikLoTEAZE, KT
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Table 15 Irradiation Conditions of 7 Cases

Patient iSex Age | Pathology i Irradiation Site Irradiation

K. S. | F | 2 | Op. Pituitary Adenoma | Hypothalamus Linac 4.1x4.1cw, 5000R /37T
Y. Y. | F| 34 | ” i ” [Linac 3.3%4.3cm, 5100R /51T
H. 8. | F| 35 | ” ” Linac 5 x 5 cm, 5000R /38T
M. U | F | 29 | ” | ” [Linac 4 x 4 cm, 5100R/43T |
S. O. | F 39 | Op. breast cancer Hypothalamus and pituitary dgLinac 3.8x3.8cm, 2500R /31T

| H, A, | F 53 | 1. upper max. cancer frontal and temporal (brain) |[Linacl(x10cm, 6300R/59T

| Y. K. | F| 37 | Op. breast cancer occipital (brain) Linac 180° Pendel, 6000R /56T

.
vmwﬂkkav/W\Mﬁ“ﬂ
it .

Tig. 29.
Changes in Auditory Evoked Potentials to Double
Click Stimulation with Varying Intervals
Three curves of averaged evoked potentials to do-
uble click stimulation at 0.4, 0.8 and 1.6 sec int-
ervals. The ratio of two evoked potentials (N,P,)
was used as a indicator,

EiER O DT, MBHH LS 5P
4 % 5 emDJEAHEF T, % 2 F15000~6000rad DF
PG 2 T o uic, MRETHT, EELIBREERAIC
LRI E D AR (T o,

4. #H#ER

A FERPREGIE (PRCTERRRG) WCR3 % RIRHIR
o

530 Ca) Bk id ARG BE (K.S.) o |
SO E R LA b O T, BTERbhB XS
TR LD IRETEF A X b & FRGHEF AR oI X b
Bz RBbhsZ LR SRS, BIBIEFOF)
FFHRCHYSTALEF, RF, LC, RCHhHD
WA HET 5 &, BT o s B IE
L < #tilipte %k U TR 523, 5000rad R4 Tk

Table 16 Effects of Head Irradiation on
Changes in Occipital ¢ Waves

i ! "Appearance rate | Average frequency
Case | (time %) | (efs)
| before after | before after
[irradiation irradiation'irradiation irradiation
5.K. 68 37 10.2 9.6
0 74 71 0.4 | 9.7
52 | 43 | 10.1 | 9.7
e
| 48 | 42 9.7 | 9.7
AVH.| 88 | T 9.6 ‘ 9.4

530 (b) IO a ik U< iz %,

BRI oD Shdl bhicHbhTwd, Z b0
FITHEIB(L O, RO) DRI > b #EH
TagodEm, ERCORER S b, £ OB
RBHETFTL, AA O BEORENRORS. O
Mcik, apo BB EYRI6e8 time % TH
Tob 0Py, MBHEHSIT time A L, B L
L4510 10.2 5 9.6¢/s IR Uiz, oo ajfH
BR WA 1 ZEE16FRCTRT I < & B b,

N IRSHE BN 2 — v R ORERR < & — v D3]
AT 5 C RS bR (F173) EkE
K&\, EEHERE & oBfRic o Ty, (B35 8.0,
B3N R b5 X 5 ke BRC @7 RaTHr & oy
4y D#2600rad s IR L7,

LA o ST o AN, PR o,
BRI — e A bh b L 0T, BIKE
U UK T3 % el o — i 19 /e 2 3t
(FiRfl remote effect) L& Hh 5. HAICKAE
PIHC RIS KD Hhie o
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Fig. 30.

Changes in EEG Patterns Following 5000 rad Irr-
adiation to the Thalamic Region

Changes in EEG patterns following 5000 rad prop-
hylactic irradiation to a hypophysectomized patient
(K.5.), consisted of rhythm instability and ampli-
tude asymmetry of ¢z waves. The rate of o waves
decreased from 68 to 37 time percent, with the
intermittent appearanc of ¢ waves, in the waking
state.

Pl ok, EEpeHE (Flicker driving)
TR O TMBE R IRIET 5 &, FIRH Bt
Hhb. ER2PNEINTIREREES MS) 0 b
DT, MHHiH O ICER KR R Lich DT
A, JREHITCIX, JEERENCR LT, X< TS
JZ )i (harmonic driving) A%, HAITE L < JHE#EAY,
FETHNC HBL U TR 523, 5000rad  JEAHE 5 T
TERTRTHICRIER 4 L 0 b, S Ol
B~tBE) ol it 2 FEBT 3 0B8R bh 5,

HABESH RS NER H33% Hl2E

Table 17 Effects of Head Irradiation on
the Incidence of Drowsy and Sleep
‘Waves

Incidence of

sleep waves
after before after

irradiation|irradiation/irradiation

J Incidence of |
drowsy waves

| befoie

lirradiation

$. K. HJ] @ | & | @

os. | = | a | & | an
| K.Y, [ () CHEHD (+) (44D
S ) | B ) | &

A | B @ | @ [

|

Case

| O
(+) each represents one serie of waves of the
drowsy or sleep type
(—) no series of waves

ZWLBANC X b, HENE (arousal pattern) % GEi
RICHERFT 2 & &S AREEE L lgode s &%
AT S, ZAEDORB OB 3 h A\ T
LiRd bR AD, %4rC reversible DF AL &
sbhic, ZOBEOMEELRE .

B . G5 A (auditory evoked potential)
K RIE T R o .

IR TCIER (K.S.) 1eounTih’ &, 4533
PlicR 3Rk 1, 2Bk ©5 2 7 2 Feoofilikic 3o
T B 2 0O RIGHE OHETI(NP) o Hik, W%
TH2AAHCEEE b, BEHD 0B #R
P 5 ROGIRM &gk & et 2
W6 H, 12 ENERIEIE Lichsgacmi-+5 o
Lig< 0.6HADIIIEE o, ZR PO T
1 LTch OHEE33RT, F & o RIERHIFE [ Hhc
WHoETARbhE &, WEKTH2 AR
(HEE L T3 A A Hic ) < BE e @75
B, 129 BB »Th, 1L.6BEIRLA O o
FIEEEE ST, BRI E OB EN B E
STHEFT 5 & LA bR, ofEficouw
ThHE LlEE 2 D BReh, kB
#THe » HBCRERTLERL, LSk
HL7e WA, SRDOIRMBARIIIE, o0l
Mk &% 0.8 o Rk 5 Ktz &
[RFREED & D & ic D,
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Fig. 31.
Changes in EEG Patterns Following 2600 rad . Ire-
adiation to the Thalamic Region
Changes in EEG patterns following 2600 rad irrad-
iation to a hypophysectomized patient(S.0.) It is
noted that half the maximal doses being given in
prophylactic irradiation can produce above-menti-
oned changes in EEG.
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Changes in EEG Patterns Following 5000 rad Irr-
adiation to the Thalamic Region

Changes in EEG patterns following 5000 rad prop-
hylactic irradiation to a hypophysectomized patient
(M.5.) consisted of reduced harmonic response to
Flicker driving.
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RAHES5h5.
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Fig. 33.

Changes in Evoked Potentials to Double Click St-
imulation Following 5000 rad Irradiation to the
Thalamic Region

Amplitudes of N,-P, to the second click stimulat-
ion decreased after 5000 rad irradiation, reaching
a minimum 2 months after irradiation. Recovery
was not complete after 1 year. (K.S.). Radiation
myelopathy
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