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Clinical and Experimental Investigation on Small Intestinal Injury

following Radiation Therapy for Carcinoma of Uterine Cervix

Midori Asakura

Department of Radiology, Tokyo Women’s Medical College
(Director: Prof. Eisei Tazaki, M.D.)

Research Cord No.: 608

Key Words:  Small intestinal injury, Radiation-induced inju:y-, Carcinoma of

ulerine cervix

Radiation injury of a small bowel was observed in 6 out of 460 patients with carcinoma of uterine

cervix who were treated by radiation between April 1966 and December 1973 at Tokyo Women’s Medical

College, Department of Radiclogy. Three out of these § patients were treated conservatively and 3

others underwent surgery but died subsequently. These 6 patients showed marked adhesions of intestinal

loops clinically and surgically, that may be accounted for radiation injury of the small bowel., From

clinical experience, it is necessary to use small radiation field to decrease the small bowel injury by radia-

tion.

In animal experiment using mice abdominal radiation confirmed that LDjg, 44 is larger with center

split, maintaining the integral dose equal. In adult dogs, severe small bowel obstruction was observed

with over 4000 rad irradiation. Small bowel injury was milder in cases with center split, intracavitary

irradiation and small radiation field. It was concluded that center split is one of the methods to prevent

radiation injury of the small bowel.
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Table 1. Number of patients with gynecological
diseases treated by radiation
Dep. of Radiology, Tokyo Women’s Medical
College 1966-04-01 To 1973-12-31

Number
Disease of
patients
Stage T 23 |
o
= Irradiation | Stage I 16
g alone Stage 1I 118
‘5%‘ Stage IV 38
g ai Pre-and postoperative irradiatio 175
Q
g Recurrent cancer. Others 49
(5]
l’§ Carcinoma of cervical stump 11
Total 460
Carcinoma of endornetriurn 43
Carcinoma of vagina 9
Carcinoma of external genitalia 8
Carcinoma of ovary 48
Others 35
Total 603

HFME R B L, Bl Lo iigess oS5 o i
mEfrok.
IL  ERERGI DS

1. INBREEFEHAE

196644 A1 H L b 1973412 A31HE =, 4
BEW I 1T B EABHEEL D Hatiai s
603FITH D, FEIHEML 4600CH 27z (Table
1y
FEBRIRIRG] 46001, EEERACBE TS
L B bh s SMRIBSERE 4,000rad L) o> 34

Vs S BIREAO/PMEIESHT & 5 S O i Bk 4256 Th D, ZOfEFlERHEL L. Zh
Table 2. Intestinal injury following irradiation for carcinoma of the uterine cervix
(1966-04-01 To 1973-12-31)
Small intestine | Sigmoid colon Rectum Total (4
Irradiation alone, Stage 1 0(1) 1 (D) 1C0 2 (1D 2/9 10.5
Irradiation alone, Stage I 0C0) 0(0) 2(2) 2(2) 2/45 4.4
Irradiation alone, Stgae II 1(2) 1(0) 18 (1) 20 (13) 20/105 19.0
Irradiation alone, Stage IV 0(0) 0(0) 2C0) 20 2/34 5.9
Pre- and Postirradiation 0(0) 0(0) 0C1) 0C1) 0/168 0
Recurrent cancer, Others* 2(0) 0(0) 0(2) 2(2) 245 4.4
Carcinoma of cervical stump 0(0) 0(0) 0(2) 0(C2) 0/9 0
Total 3(3) 2 (0) 23 (18) 28 (21) 28/425 6.6

Number in parentheses indicates number of transient injury

* Involves exploratory laparotomy.
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e G4BT, fEAREE 280, (RAFH 1.4% (aafl, —@pls b, 0.7%) <h
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Table 3. Surgical management of patients with radiation-induced intestinal injury
| Region ! ‘é)gs uctzl;‘?::)giv?; (Imn.:)e[:'t‘.]rlas]) Injury Surgical treatraent | Prognosis ]‘Zl:;z?
i Exploratory lapa- Adhesion and Ileoascendin, ' Not.
P 59 rotomy (stage I ) 6 stenosis by-pass procfduere Death present
ma ] 1 o Ileosigmoid )
intestine 92 (stage 1) 5 | Adhesion by-pass procedure ” i
60 Irradiation alone 12 Adhesion and Palliative operation
. i (stage 1) stenosis - (drainage) ’ i
35 | Irradiation alone 7 Ulcer, adhesion and | Descending Al
Sigmoid (stage 1) stenosis colostomy B i
colon Irradiation alone ) Descending
67 (atage I[) 12 Uicec colostomy ’ il
n Irradiation alone Ulcer and N 3 i . o
54 (stage 11 ) 9 rectovaginal fistula Sigmoid colostomy Alive ”
Rectum 60 ” (stage 1) 4 Ulcer Sigmoid colostomy Death
59 o (stage IV) 7 Ulcer and stenosis | Sigmoid colostomy ” #
= ! (stage ) | 12 gsiﬁizmcmagml Sigmoid colostomy | Alive ”
Table 4. Injury of small intestine following radiation therapy
, Intracavitar o [Prognosis
No| Ade,|Stage Past History | ivadiatonta Extermal _irradition |ingpglreatment |Poary
[“""' c . |alive —1
i ) .onservative
1{45] | Nothing particular 5700 E_ 17 not
48(][]|'ad5/' 36(a management | present
death
‘ | |« Palliative
2160111 Appendectomy 4100 12 operation | not
T400rads 2300rads 100rads 1208rads| per present
6000rads/ 51days (diainage)
Appendectomy ‘ s [ a_l death
3 52 I“ Exploratory 7'8[]0 T 5 By-—pass not
( 3
|a|]3|'l]l[lmy mﬁsﬁl]tﬂzipatllj'gdsSﬁ %&l‘}sﬁds pmcedurg present
live
800 I@ ) Conservative o
4136 | 111 |cesarean section 4 4uma| - Umds | t not
5|:| []l {.lt\rgd 6/ 55 Mmanagement| present
i death
5| 59 Hecurrenf adnexitis 6 By-pass
5 I Left salpingectomy 4800 9]0 :| ok d not
(0rads 6U0rdds procedure esent
Exploratony eotomy 4500rads, 25dys P al
alive
; , s Conservative|
6|28 Il Nothing particular 5100 5] 5 not
2500rads  2500rads 1600rads management] present
6600rads, 53 days

*contains appositional dose treated by other doctors.
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MEHEAT, HRORFE FR bhithyots (Table

3).

2. INBEEREMDORE (Table 4),

JiERIL.
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Wi 505, I, R b,

FE10 H23H, 4Bk L, 115138 ABL.

ABERFRRAL ST : e R L.

ABEREE : 1068411 20 HIGHEBHAG . SHiB a4t
(% Tele %Co = THij# 2 ["], 18emX 17, 5cmdd i
GHF1Z 3emx 6em b duyEffli . 200rad/ H
T, fEfih4,800rad/36 H . [EPISHE, SRS
EAFATL, ¥'Cs 23mg AR L, S5EISECTA
FBRIES,7T00R/35H . LRI RIFC, HieT
NEPI L. FEI2ASGHERKT.

RBERREE 197093 A (BEK re 143 %
A BERGG, RS D . NS T A R
¥, [4E3 A17H~ 4 A18 A Bt
ABE, PRAFMIERE T .

1971 1 AT (R THR2F12H), H
i, WAk, FHEIASRZ . BEEEAIX s TR
W AMEERDS,

FE2H5H, AR,

R 2 A 6 H, nmMiLEEFcT, PMNEA
SIHE DRI X, Enteritis o ff BA 38205 (Fig.
1).

M4 2 A 8 H, HIBEEIET. oMy
MERDD DR THOT. IFAFERC TRk
#L, 2 A16HRBEE. DR HEIER e < ol
Bz,

SEFI2.

BEAENE @ 19629 (531 , RUAEEIBRTT .

BUFIE : 196848 At X b, W~ MHT »

161--(49) 7

Fig. 1. Patient 1. Barium study shows segmen-
tation of barium in dilated loops of the ileum
with hypersecretion, and puddling of barium in
the terminal part of the ileum.

b, FEI0HEE, FgT 2R HmE oo
A3 I
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%, Tele %Co 1= -C 18cmXx 17.5cm @ 4Bzl
4f. 180rad/H T 1,440rad/11F. %\, i
JEMGZ T2,340rad/20H . & B IS & D 13em
X 17.5cm T1,080rad/11H. fifHiC 4 cmx 15ecm
T 70 JER-F A4 % 1,200rad/ 9 HIRET L, &3
M4 6,000rad/51 HT Hote. Meppgghs 4 [@4)
d, ASKE 4,100RTHhote. BB BT
T, FFRET e o die L, F4E3 H26H, iR
T
BEREH < 19705 2 A, FE B i
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M9 Arhfy (B TH 6 2 A), I 2
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Fig. 2. Patient 2. Barium study shows marked
segmenlal strictures in the terminal part of the
ileum. Destruction of mucosal pattern is iden-
tified.

Fig. 3. Patient 2. Marked by dilated small bo-
wel gas pattern and air-fluid formation are noti-
ced on plain abdominal film.

HAEZRERESMNE B378 H25

D #y— JR[EI -

49 A25H, B nHLEEEeET. B
(BT RAER ORIE RS> TR H D, Ko
HRERIE L R bt (Fig. 2)).

AR R AR

RI4F12H 2 B, BHEHEE L T2 X 5
e b, BEE, HEr Ao L.

FE12A 148, EREED-BHEE. £ vy 2
OB T ARE, SHEE AT (Fig. 3),

12 B15H, v a v ?ﬁﬁ@&: ey,

RI412A16H, SEHC CRIBZEBEBRMET. Atk
MEEFET, o aw ?ﬁﬁ@ﬁ?ﬁ

12 5208, JREMERC TIEL:.

BIRT R B, AR X OVE IR PIE RS & W
. BEORMERICEEN ¢, BERED IBEEH
e, BiEbler b —Hic R, Thix, ik
BHAEIESH 3 B bcERT A2 L o LEb R
5.

EFI3.

BEAERE : 19484F (315%), MBI .

BURIE © 19694 3 Hrbdg & 0 #:8sHImA b . &
BICHETS.

19684E7 A5 A, HBiZZ. T BEMIb i
URP R oz T, Fhiot-»Ab:.

[FI4E7 H19H, FHTHT. BRE LI 25, B
3B REEC E TR KO, HIAREC T, HERH
NEs .

[ 7 H22H, WEPIMREHHETT. Ra 50mgx 1.4
X 20[KfH, 1,000mgh. 5%z, 23H, 24H %
IR e S5 1T 5 . & 3,000mgh.,

47 H28H, M4FZ2 L, EHICABE.

ABERFF R« RS, SRR, e
TREC L L. RPTATAR, TEERSOEERE
et T, ZEGERRAY2T5. BEERTHC
<, BREEF TELTW,

BARE : LP. T, AFdh BEsIOR
BOK, v 75 2 THEBRERE D1,

ABEE ¢ 196948 7 H28 A XL b SN IREBHLA .
Tele ®Co =T, 4-FES, BHE18cmXx17.5
cm, 180rad/F ¢, 1,980rad/16H. @\ ¢ fllFF L
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h, l12emX17.5cm, 180rad/HC, 1,640rad/20
H. #of% by 2 B T18emX 17.5cm
< 1,630rad/19H . &3l 5,050rad/55H @ A
Ba ot WERIESNL, Y50 Tk ¥Cr 23mg
T 2 B4 E A T, (BB HETT o P A S A
BLOAFT, AR 7,800R . HEHREEI
REifc, 9 HI0HWCHERKT.

BEERA T, AROKEREIESHHFE SR T
B O3, U LAREENCH D, EF S Hdho
PEED RS b,

SEEEAELE 1 19694 2 H ) GRIB THS »
F) Al bR

R4 2 F25F, JE, manksoL <, $eE, Sk
Afg\ i ABE. (R RTT 9 b, iERSEEE
3" (Fig. 4),

Fig. 4. Patent 3. abnormal gas pattern with air-
barium formation and the dilated caecum is
noticed on barium enema study.

M 2 H27H, Filfo b sFhicimRt.

M43 H 2 B, fas I s X O TP TiERE
WIMEAT. W75 S AR, MR RS % .

R4 3 H18H, [EE, S REBwAHR (nlfze
) Mafr. fedk, WERETRVRE Lo as i H i
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BEFERE : 196959 B, i EUIBH.

BURHE : 196979 ., i LUIBA%E, FE45%
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ABEFEE © 19709F 3 H1THiGHEDLG . 7HiRE St
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:?Ea: 4em¥ (5em n'\II['J m.l!rf.«r, 70} e }E el ;ﬁitl.f/
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SREARFRE 1 1970510 HE L b, B0 %
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197155 B (GREEE L9 B, kA iRz,
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il AR5 (Fig. 5). 1 vy 20 2T
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ARG . DURBHIERE L IEFwe T3, ARG
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Fig. 5. Patient 4.  Abnormal gas pattern with

air-fluid formation in the ileum on plain abdo-
minal film.
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HT900rad/ 5 H. =0, 70MIET % 4cm
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iik4,500rad/33 [ . WEPSBRGHE, MRS A HEFT L
Ta7d, TELREM, AFHEEE,. A 4,800
RzWgt, MR RIF©, [ 6 A13HEH#
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BB : 197056128 T H (aEK 6 » 1),
THERAMMBL. LA, EAE 2B D . [FE12A

SRR BT, NG,

FOAREE 20 S e e RE 378 2B

23H, WEABRES Y . A TEECER <, [
R 5 .

FE12 A24H, oML EEET. H+
W AR, IR EIER G o K e pEo
TORRAERRTT R A R ot W o ie BERF B4 2
DY, MBS EOBEKT, FUEWEHES L, £8

e,
1971461 B4 H, Jificing <, ma. nk,
THIHEL.
{41 A18H, WM XMEINCT, L
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Fig. 6. Patient 5. Barium study shows saw-too-

thed appearance and puddling of barium in ter-
minal ileum and loss of normal intestinal mucosal
pattern
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BEAERR « it _E o i L.

BIWIE : 197018 ABEH L b, WO TFHb . I
% IFE DAL & FB DT,
FAE10H10H, v 35 & ic 5.
11 H22H, HEEZZ. FEE#Ib 1 F
LB DM TS,

Fl4E12H 7 H, Mk,

F4E12H10H, Abt

ABEREAT R« (Rgrb R, R R F. e
FTRE LAl BT, ESHE A~ o0 i
EHCEBEEE TR LA TWAN, LG~
L. FEEDEEEREET 5. AR

ABEREM 19704128 6 H,  JhBIa 5 BH A
Tele ®Co I T £F#H4), 16cmX16cm, 180
rad/ Fl -G 2,520rad/23H . i 12 € 2,520
rad/22H . Zo#, EEHEEC 6 meX 14em, 200
rad/HC, 1,000rad/ & Hgln, &il#tE6,040rad/
53H A . WePIigstis 3 [m4r#c, A 5,100R 4
G, WREHEEBEEEE T, 1971496 1 A27H, WS
TT5.

REEERRE 19714 4 Hapfy, Omiimsh o,
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Whole pelvic Whole pelvic field
field +center split

682, 55%

Fig. 8. Proportion of the small intestine involved
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Fig. 7. Various irradiation fields projected over
abdominal film with abdominal string

197241 F, MBS v, ESREX s
HICTHRFHT R L. @iz 205 2 Lic Xk i
W5 . Sponmes.

197344 A (k2423 » ), I HRI X 8
FEZT, By Afehh . EREHTICER &5
Pt i, AR ORI . BB
B L. foiEigd.

3. FEHEELAERO., BHFNCLHE/NE
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NGO BERDHFCEBEND Z L0 b, REE
P 5535 % /N ORI R FT o 1.
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Anatomical field Anatomical field
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<\_/> \ />

629 48%

in each irradiation field to the whole small intestine
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= AGTY, TR NS L Ua/MNEo R | Table 51055 L., & OffiikFE(E Fig.
SHRWE L. LB, aEumss+q4 8 N T, iRt @I & B TS

PIHE, WA IASTE , FREIEA PRSI Tha/PNEOEIET, BELLBAEEB T LA

FERE D % 2 O FRGHEF T O/NE D (5 ab B E| A & i HBZ EHHERE i, ToleSEES, EEHSCH
L7 (Fig. 7). T HEATER Js X OV T EE o ZE B Fig. 9 1SR L
18 = DREGNC $s1) % BWBHHEF co/NMED Hb 5 s

Table 5. Area of small intestine involved in various irradiation fields in proportion
to the whole small intestine

] ) Length Whole pelvic field W.P.F. with c.s. Anatomical field AF. with c.s. ,
e [T T | e | oo | o
[ 1 253 157 62.1 [ - | il
2 246 156 63.4 122 49.6 142 577 | 107 | 43.5
3 230 | 115 50.0 101 | 43.9 102 4.3 | 84 | 36.5
4 105 87 82.9 65 61.9 87 82.9 65 67.9
5 205 118 57.6 95 6.3 110 53.7 87 42.4
6 205 160 | 78.0 132 64.4 137 66.8 105 51.2
7 262 210 80.2 157 59.9
8 237 175 73.8 | 140 59.1 160 67.5 124 52.3
9 161 | 9% 59.0 77 47.8 93 57.8 73 45.3 |
| 10 218 160 73.4 125 57.3 | 135 61.9 104 7.7 |
| Av. 212.2 143.3 | 68.0 112.6 | 54.5 | 120.8| 61.6 93.6 | 47.6 |

Av. : Average, 5.1, : Small intestine. W.I>.F. : Whole pelvic field, A.F. : Anatomical field, c.s. : center split.

Perind Irradiation method |Whole pelvic field | Center split Pendel
16 cm 4dcm 12cm
Apr. 1966 . ; u
Tele °to 16cm| b [ ']1@5“
Dec.1968 J%_ “4em 4cm
17¢c 4¢c
Jan1969 | = -
Tele 0 1Tem Same
0ct.1970 |
16¢ 3¢
Nov.1970 | Liniac = | rE
('\
s B vame
Mar 1972 | XTay 10mev . _E,_
Apr.1972 | Liniac
] Same
Dec. 1973 | X712y 10Mev

Fig. 9. Irradiation method and field Apr. 1966~-Dec. 1973
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4. BEHEALLOER

WHEC BB L o/ MNEEEEA o Bihe X
b, /NEfEsEo FRE LT EETE FHY,
Fig. 10127737,

BEAERE, ARESC2oWTiE, BIEES IR & D
HBeWETH Y, BFEL S ZWHE, BHFE
B LTTehD. BB ELINDN
$, 2+ 3OETERETIom KT L.

IV. Eh¥=ER

1. NYHRXZOEBREEICHT S HRE
BOEEIZDONT

(1) EBHES LU, FiHiEh

i) EREY : &R0 ddY R -~ v H %
X3 (CPHkEE24.58)

i) PRSGHEF @ FE B RAA R O 2B iR id
S L, hRERROBGRY TR L, Tokhs
SINBADBE A ST ERE L VHIHET, KO
3MEE o BT FE Lic (Fig. 11).

a) EE 2.6em o FEEHE (LT 2.6cmg
LHET).

b) a) ok ETrRE%0.5cm (2mm
ELX OHC), bl Ui BEE (LAT 2.6cmg
+C.8. LigT).

¢) b) rAUBHAERY AT HER 2.4mD
MRBHE (T 2.4cmg 2HET).

iil) JEgHE o~ b 3 X 3 OXBES BT X
% LD 50/30'02930 7, & Hif LT, ARERH 4N
st & i s b, BEHREL TR 5 EH s

&5
T~

\
- AN
LBml““>5 -

———

1.8

2.6-cm diameter Center split

Diameter of cylinder =Diameter of irradiation field

Ez O j}i)\
N

2.6-cm diameter with
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1. Past historoy: Histry of laparotomy
Inflammation of pelvic cavity
Heterotopic endometritis
Others
Trradiation dose
Trradiation field
Arrangement of isotope
Others
3. General medical condition:

Diabetes mellitus

Flypertension

Diseases of heart and great

vessels
Others

2. Radiation:

4, Others
Fig. 10. Factors of small intestinal injury
following radiation therapy
L.
a) 800rad, b) 1,000rad, ¢) 1,200rad, d)
1,400rad, ¢) 1,600rad
iv) HAGHEHE /s 5O JAgT &M ¢ 250kV XGR
IR 26 A e, A(fifE 3.5mmAl, fig
Bb2 150kV, 25mA, Al 7 4 Lz — 2mm,
B EEE26em 2R Lic. ok, A
B X AEHEOMERE Sled =1 7 ek =2
— %l Lic (Fig. 12).
(2) AERIs X ORER
1) AFAE, FHERR B LU LD 50/30
AYHFAIIL IFHELIOE & L, 2.6dmd,
2.6cmg+C.S., 2.4cmgp O£ [@STEC, MG
{145 %« 800rad, 1,000rad, 1,200rad, 1,400rad,
1,600rad o> fg5158f &, control 10JT o 1 ¥,

—.

2.4-cm diameter
center splity
Height of cylinder=Thickness of mouse body

Fig. 11. TForm of various irradiation field and their irradiation volume
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AAREERNSREENE %37% B2 5

Fig. 12. Electronic monitir.

Table 6. Result of whole abdominal irradiation in mice

Group Number of | Dose of Diameter of irradiation Average of survival
No. mice used | irradiation(rads) | field (cm) % days
1 10 1600 2.6 (10) 0 8.1
2 " # 2.6 with c.s. C9) 10 11.9
3 ” ” 2.4 (9 10 10.8
4 10 1400 2.6 9 10 11.9
5 o ” 2.6 with c.s. (2) 30 27.1
6 ” #” 2.4 (8 20 11.4
7 10 1200 2.6 o 100 30.0
” #” 2.6 with c.s. (2) 80 25.1
9 f ” # 2.4 (3) 70 28.6
10 10 1000 2.6 ()] 100 30.0
11 ” ” [ 2.6 with c.s. o) 100 30.0
12 ” ” 2.4 (1) 90 27.6
13 10 800 2.6 C0) 100 30.0
14 ” ” 2.6 with c.s. C0) 100 30.0
15 ” ” 2.4 o) 100 30.0
16 control Co) 100 30.0
Total 160 / / 4 /

i L60PEIC D, MEgHERS0 H I Ze R FT o
Z OfEY T Table 6 1759,

1,600rad W& (No. 1, 2, 3) i\~
AP 6.3%, FHAEFRI0.2HTH Y, BT,
2.6cmg f (No. 1) (210 H LIPS &M% LT
W% (Fig.13).

1,400rad JASRE (No. 4, 5, 6) Tk, 4

1#3€36.6%, Fig4fraEu6.7HcH v, 2.6
cmg+C.S. B (No. 5) 13, 2.4cmg ¥ 1 [F UK
HEMTHAHC LB LT, R0,
SEEAELE AR o IS B v 3 b (Fig.
14),

1,200rad fEGHHE (No. 7, 8, 9) Ti34fF
3 80.3%, TIHALFERR27.90 £, 1,600rad,
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...... 2.6 emflameter $£3.

- - 2.4 Crrvdiameter

# === control

H
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5

w

- T T T
15 20 25 30

Days aller irragiation

Fig. 13. Surviival rate of whole abdominal irra-
diation in mice (1600rads)

100 o maee bR L LR L L L LT

— ZHem diemater
aee 3G Cm diamaber ¢
—-— ZAcm camter
EECER LI

i

Survivall%i

5 10 15 20 25 30

Days  alter irradiation

Fig. 14. Surviral rate of whole abdominal irra-
diation in micc (1400rads)

100 e -
i
i
]
1 A S
g
S
Z 50
H = 2.6cm diameter
H w260 dismernr b s
== 24em damater
==== control
5 10 15 20 25 30

Days alter iradiation

Fig. 15. Survival rate of whole abdominal irra-
diation in mice (1200rads)

1,400rad [RGB LC, AFAHOFE LV
EENZ bRt (Fig. 15).

1,000rad, 800rad, 35X OF cotrol #ET, 30H
fADEREZEFICIET Lic d DIk, 2.4cmg, 1,000
rad &t 1 Pric 3 EF oo,

Llbo §R2» 6, #BSEF I LD 50/30043%
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Table 7. Result of abdominal irradiation
in mice : LD,/s,

Trradiation dose
Size of irradiation field (rads)

diameter (cm) Jm_-—iax LD:,;;

2.6 / 1170—1369 | 1265

2.6 wsth center split 1313—1404 | 1358

2.4 | 1235—1284 | 1259

HRBH L (Table 7). &egsfiiipdi o B4
fr-ofz 2B LD 50/30% Hii45 & . 2.6cmé+
C.S. MEix1,358rad ©hh, 2.4cmg FE D 1,259
rad I LCHBEOXE LY L OTRE Vs 7o
To.

i) fREPT R : AR T, B, B
H k30 B A FEM31 B B 4B L, Bo
Sk o WIRAAT RA 30 Lic.

PABIEE, 0¥ ¥ DfifEclET s L, BHikd
ot ML —FO FF AT, B bt
oy 25 B b, BHEIED R telangi-
ectasis %2, [H[fi1A A b,

KRB —FDBELLTEDE LT AR B
& BUBCHa> to il ikl se g o i A 3 8
THh ot MRS 3 PerghfE s o 4 iR
Lt (Fig. 16). Zh &% bid, EihEs
#£ ( 1,600rad, 1,400rad) i< FH < Hofe A5,
C.S. ofFMIC X 52T Cch 2%,

i) TR NBo BT X5 AL &
LB TodiZ, 1,400rad, 1,200rad, 1,000rad fE5F
@ 2.6cmg4-C.8. P L, 2.4cmg O Ph b, 30
H A0 B8 oSSR FR Lic. 3, I
BRI o Mk & BB fodic, 2.6cmp+C.S.,
2.4cmg O RHEFC, 1,200rad, {,000rad @ %
FHaeAT\, BEHE 7 B B LIBE OB & 1F
B¢, control & LT JRfESHED B FEEOBIA %
fERL, = v v v Reaxfiote.

N VE, IR B0 BfRie <, ISR
tx control WZIEE LT, #E © WMAIUE Kk
1<, B BREBHHEI0R O BEek fiER
ZEEAEHEL, MNERBLEHRICE S o Tw
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Fig. 16. Gross appearance of mouse
resected immediately after death, revealing color

change in necrotic portion. Necrosis is noticed

in distal ileum and colon.

intestine

HARE SO e el 37E Wm2n

i ARSI

£ e DD ORI

""‘&éﬁ“ﬂ‘a"ﬁe::ﬂ

“ ‘“ Jha'.“a}" - e ‘-"‘3 n.(

o

W

O B

Control

120rads, 2.6e¢m diameter field with center split,
7 days after irradiation.

1200rads, 2.4cm  diameter field, 7 days after
irradiation.

1000rads, 2.6cm diameter field with center
split, 30days after irradiation.

1000rads, 2.4cm  diameter field, 30days after
irradiation.

Fig. 17. Microscopic change of mouse small in-

testine, recieving whole abdominal irradiation.

Table 8. Method of irradiation to small intestine of dogs

No. | Sex \?}Ez}ht Method of irradiation Sizg‘;])‘l:'] r(zt:(i:la)ti.on Jé:;:di(ar:gsrs Method
1 F  |Unknown| External irradiation : Electron [2 MeV 4 diameter ‘ 3000 a
2 F 150 7 " ” i a
3 F 13.5 ” ” ” 2000 a
4 M 17.0 ” ” ” 4000 a
5 F 11.0 #” ” ” 2000 a
6 F 13.5 w” Electron 10 MeV 4%8 3000 b
7 g 18.0 ” ” 4 %10 (c.5. 2) 3000 c
8 F 20.5 Intracavitary irradiation 'Cs 20 mRaeq-5 piecesx 2| about 4700 d
9 F 22.0 " ” ” baout 7000 d
10 F 21.0 External irradiation : Electron 10 MeV 4 diameter 3000 a

11 F 15.0 ” ” ” P a

12 F 18.0 ” ” ” 1000 a

13 F 13.5 ” ” 4 %10 (c.s. 2) 4000 c
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E)‘ R!

Ho ME

4-cm

diametg
tubus \/
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c 10cm
' ~,
Loop ——.6;:—__—: L_:
s::all 7/ 2-em cemsle::'_ Co
intestine RIS i
d) 20mgRaeq Cs,,,

il FHLE O 22  Bar b,
s RHEC s X ORI IS, PHEDIER: DI
DAL Ao % (Fig. 17).

2. OEBRXICKIT2/MMEBHOER

(1) KB

i) KRB : kil 11~21kg O Wk (HfE12

9H, M 180 Fl138H.

ii) Hedt itk

R ARG T ORI L TN
i (ElE A bloem LlEnf) % fshcs]

Al

*HLUEAHLC, 4y
TFio WS %177 (Table 8, Fig. 18).
a) 4dem [EHEED BEEL HWT,
Electron o) )& Ra4t.
b) 4cmx 8em DG C,
ctron o> 4k F5HASH

'Tmall EX2=

Fig. 18. Method of irradiation to small intestine of dogs

[ & H & i e L
12MeV @

10MeV @ Ele-

¢) 4cmX10cm o EHHEFIC 2 cm o bR

A T,
Hl A

10MeV,

oMeV ¢ Electron o #f

A : Adhesion, D :

Deformity, F

: Fibrosis, I :

Table 9. Result of irradiation to small intestine of dogs
No t][c;“de;:?}i Reason of death Beginning of é?affrrl:zi o Macroscopic finding of lesion
" | “(days) - diarrhea (day) (days) RESSE R g
1 3 Spontaneous death Unknown Unknown Sepsis & Necrosis of lesion
B 104 Killed by rabonal 12 th 3 N(H)
3 02 |+ | 5t 60 N(+H) & H(+)
4 70 Ef:ﬁntanenus death 10 th 4 ICHE), SCHE) & F(+)
5 67 Killed by rabonal Unknown Unknown N(+)
6 90 " 28 th (bleeding) 60 ICHE), SCHE) & ACHD)
7 88 ” No diarrhea S5(—) & A(—)
8 180 # # SC+)
| 9 65 Spontaneous death 5 th (bleeding) 10 A, U(4) & H(H)
10 | 127 | Killed by rabonal | No diarrhea D(+) & S(+)
1| 120 | " ” D(4), SHD, F(+) & I(—)
12 | 99 __ ’ ” Unknown
| 13 | 57 __i - Spontanéous death Ijn.]-muwn__m__ B Un_ll(r_lt)_\»v_r_l____ A(4#, U(+) & Lymphadenopathy|

Tleus, H : Hypoplastic, N : Narrowing, S : Stenosis & 1J : Ulceration.
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d) 770 —x—% AT, BE/EE, 20
mg Raeq o “Cs &, 17 54X 2fi.

s, NEYEERCL L, FE3 6 A
M, #ABlZEATo . - oL -k
BEDBIC, i3 » ARCE LKL, Bitko
ZAbx AR, MR L.

(2) EERER (Table 9)

1) AfFHE : No. 143, EBMET, K
D RE AL T o7 fo b BAE TS 3 H
HICIEE Licicd, Zofliditds. MEso
2B, B (lews i3EF55E) 138,
FIEAFHEI64HTH Y, YD IFHIX3 H A
BRI AEAE L.

i) T FERESEOREL L LCTRIORBLY
BETHL, THBHD 5B, e L56I, 7REI 24
THhote. BETEROHEC LA TR

Table 10. Result of irradiation to small
intestine of dogs with diarrhea

Irradiation dose (rad) hoookooq30004odohdﬁﬁ
fgt;};vg} 1rradfatf(_}]rl_ L =5
i s |||/
?gt;;g} 1rradfa.tfon — |+ + 7
iRl P A KA
Internal irradiation ya w4 ./ - | +

* c.s. center split

Nol2

I-Il

No (3

Fig. 19. Gross appaerance of small intestine of a
dog 2 months after irradiation, marked stricture
noticed on irradiation field (arrow)

HAEZRH R &ML #378 B28

Fig. 20.  Microscopic finding of small intestine
following abdominal irradiation. Ulcer, fibrosis,

and kinking of vessel wall are noticed.

Table 1017 _t-.

iii) FUEAT R @M 4,300rad fl4A o %
Wee B, R IE O, WS 0%
fbxksToTHD, R XTI BEE, WHE
R, PAZEEO L DR L 225k xR L 4=, =
DELERGHEC 0l B L, SHBIEEHE
i 4,000rad DLl &, @EEPMEIT 7,000rad B4
fl, ¥ X 03,000rad T 4cmX10cm o R
e iRk LT o, BRSO, e,
BB 22Tk b, Shb4fld3fiis, 4
Ly AT LTwa (Fig. 19, 20)

V. & =

NEREED, flloREC I U T Ha ek o B
FEDids Sishb R Tuwicb i © —o1, Fofk
RO DI C E0H B . —iic, BEEdEo
BT HEIG, EHREOBECLIB L, 5~25
%z:m]_ans)zs: LEhTED, l@fiﬁ“ﬁf%q:'i‘f‘ [Jj&bé
B D EIE 1L 20~26%PPV | SdEGId @ /N
BESC D Wy T UL 0.4~ 5 %1 L x iy Ty
5. HEE o BRENC R 5 BERSER L ovh
WGkiEss o FeAJEEY, 460444961 (10.7%),
46060 6 Bl ( 1.3%) H h, WpEkEEde b
&5 /MNBEEE OB EL490F 6 ] (12.2%) &3



5242 250

FOWE L W AT L lgoThn b, EIED /NG
LCEHfOLEREDT D, 4600341 ( 0.6
%)¢, Z Offik Graham & (1963)'% @ 0.6%,
Joelsson & (1971, 1973)"™'9 0 0.4~ 0.7%
WHHE L RE—FH LTS

X, MRGHREERER, BEoR X5 T TR L
LTIk 5w A~372 H, FHU»AC, Z it
Fabrikant (1951)% 0714z 2T o EH131 B
Enwh R —E LTWAY, ZofEilEw
HC, PG ELTik20 4 8 (35 P~36%
F)Y®h bR T25h A~360 AW H Y,
DEHITIE, 8LV LD, 12.5FW Lo ik
bH D, HEMEE LT 24 L5 Lk H
ol .

e, A e Ui/ MBEE 6 Blofs R4
BEILTa s &, BEC, ARMLEYHE L L
REGIESR S BRIE o BEEEYH Y, JiEfl S,
4, 5%, FOPMER R 5 b PRS2 R
THOt. JHCHER 4 5 U5 T, HIE I RF
Lo A, BFECIPIILE A BHE L LIEST
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BB, T ORFEHFHA~OHEFHBAL, 1ER U
T, JRESHIBE DTN Lo TA TR
bbb, IERIBREZEO T EEchH >k,
Z DX, FEGI5 OREFEIEC A b B I Ui
FfRE AR g & b, JEEEPY 3 X OV RN DRI X
DEBEThOllcd bbb, 0 X5 INEE
DA DFFEE, PMEREELXEZET 27008, ik
SRR O LisdchsH 5. fiEbl2, 3 0
AL, RIEGROEEIFE LI ThH H LB
s,

DX 5%, NefEEoEE
T, BEOMELERAOFNEEL, Fn
fipno S 2 L Teh . ChB 2w Tkt
WA LARTD & I 7 TR e b 82 b Tk
‘J 12)18)19320)32)34)85) ‘]wone.»s “1935)20} (i;. ﬂ%ﬁég: g:,iﬁ
EMN, EEOBHEO—D LEL, WX 5B
DEEZ BT DD, b U vF =i 7rOEA
CTHHT S &, WA RS T L
TTDHTNA. EC X HEEOBEL, Mg
fiIlo X silET 52 h i 2nWTh#EZL bh

EHRD--> L1

[

PERIODS
RADIATION q‘——h .
mjeriotpen B ACUTE [ suBACUTE | CHRONIC | LATE
70 ORGAN OR MAN 4 4 4
1 1 i
!: ! é l'
- 1 3
=13 1
CLINICAL .'9;9" & Hi
DAMAGE £/ ]
..;f'g l' _-_--l"'"-_-
1 i " —--li"""-
] E s T
! ::nrzﬁl'ﬂs_ﬁwh
CLINICAL & seouEnDi———
THRESHOLD 7
1 2 T
g‘f}f g ‘-'; H -—.-_-
SE4 3 S 0 DISFUNCTIOH e
s/ 3 g s S0t 52
SUBCLINICAL TEos Y € AN
DAMAGE ; g; ! Hﬂ'.—--—-
b
nou-laol‘l_ﬂ_u,ﬁi'_“_‘i"_-_—-—-—mj""_ —
TIME
—— RADIATION INJURY, RECOVERY AND PROGRESSIVE FIBROATROPHY IN SEQUENCE
——— NON-RADIATION INJURY (AGING, PATHOLOGY) LEADING TO FIBROATROPHY
=== COMPLICATIONS (INFECTION, TRAUMA STRESS) LEADING TO CLINICAL SYMPTOMS AND SIGNS
Fig. 21. Clinicopathological course of the irradiated small intestine. (From “Clinical

Radiation Pathology’’ by P. Robin and G.W. Casarett)
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T 35 HIPIID (Fig, 21)%, Friedman (1955)1®
i, BB XD BERS OBE T b
BHELTWS,

—7i, WBENEEEE 10040 natural history o
& 727, DeCosse (1969)% Hix, IFEMagess
& O KB 35\ Tl Z o B SL I B e o S5 =2
SEAifFELL supracervidal hysterectomy [\ T,
FesE A B e <, RIME, BERRE, Lan
FRERIC, FEETH LCEEOXEYRD S L
N5, X, Ao i NEEEo s T
V& o FIownTiR4E L van Nagell (5(1974)%
b, fefiE, SMBESE X OBE S 4E 0 BEA:
B, MEEEOREIBEAY L, —J, &
R, B, BRW, RMECIHFIE/NEEE Y
B LT 5 LRT3. ZhboJkEsE
P EBEEAZ L L, HtnEz 7 otkciRo
i TO, Sk O BERE~OFHRIE L IED,
fEgEFEA & BRI E WS REROH B & L
HERTRETHHH . IS BolEE 6 fERT
i, ST OWTOSFEL b LL{hIh T
e\ ({BEL, BERW, RMERBOE L) ©
T, THIEDWTIL, SHOPRNLE L Bih
5.
N EFE & O BIRIC 2T B L, REIE
P, FEERZNEL - 72 LT
KRB H DIV, ChdbED <Y v Al X B
R RICR\ T BT, /ME, HeEBoE
B (EEIhTW5) iy, EERAH?,
EFRENCEGOTRD bh 5%, ZofR
L, NETED » 28w, AL, e
s GO KL oV BE B A LTWS. Lk
MO, FEHH O BSHGEER O BT
B, e osmEiriBiE o & E R, HYo
damage % 535 & LIXMWATHD. LirL, /»
WG4 iRRBIC S, TTEIME S K F <, ED)
MBI 20T WA TedIc®, BEEY S %
WAL o A—Hciie 57, B RE
SR 515 2 &k iel, BATE 51 8
b, FBEOEFEESD) SoMELN+HRE b
, BEHEEEORSE A L EBhbhs. L

HAEZRE MR W78 w25

L, BEC Lo ERENCEE S

s TR BB Ehs 2k e,
damage (3k¥ <, XL PEHRBEHIZ IS
2rTB L, FEES O MBI AREZERLT
Mt 5152 L Ligh, damage (TR
ELle s, —jak, AERShC X B ey RIE
ICERBAH, Joelsson iz I %5, Sweden, Radium-
heramt CoOBPERER T, 19714, 197340 #
&L B SRS X D REPIRST D FavNE
s D RACPIFE, B B LT B . X, Kott-
meier (1953) 1T X% &, #\~ Stockholm ¥4 5
WO Y LT\ 0 1936~1945FE 0 ], FEBUE
THhHEY 51T 2,756 ADBEOSIPPIx, )
WEREEGLIn <, 19456ELIRE, X D EBME SR,
BV activity 2352 bhva X 5 iBRE ieo T
b, 5EEFERI N LK, MNElEEo R
DSz VIRERLBNAITEFTAE
ZETHBY,

PBEDZ Lhh, higgEeTacLicty,
FEPY RSt & AHRIBATC X b Z A B OB
<ieh, Wb LedbBiShaNEOREL~
TEERRD, FOLk, BEEIhEERMC
W, BERS 2 HEEAKREL L TEETI L
DHED LEZ BRE. ThyEERC Li-bo
4% Fig. 2205 5. ZhboBH ChhElRkT 5
LRV NEEEEORENTH S hD Z LTk
BEEbRA. ~YHhF R DEBT, dhiuEk
DT I D ARHEL FC T3 LD 50/301cK
FWLENEDOBRA Z L b, e O EhiE
DAGESND EE2 5. BERCOBRIED
TERIRIE IS 02 < LikBbhiouay, Ak
EHGDZ L, RORBECLERBHET &b
bNGREER IRC, £ L bRVGERNELRS
LEZD. Tols, RTHIEER AR < bR A B
BACE D AR thiRD s Shebh s k5 ieieo
TEBE, NBBEEIL R T 2T,

LDEh, RO WTIE, —fgie, B
DGR X B IREENEL, Thbb, BED
BRI X 5 EBARORS, B LEoBET
5 M R, BEEMEOMEE, Btk
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7 =

Mild change due to external radiation only, no

clinical sequence.
//
T )

Mild change due to intracavitary irradiation only,
no clinical sequence.

External irradiation External irradiation

Center
—  Split

. )

Intracavitary irradiation

Milq chlange due to external irradiaton with center
split and intracavitary irradiation, no clinical
sequence.

Whole pelyic external irradiation

Intracavitary irradiation
Moderate injury due to whole pelvic irradiation
and intracavitary irradiation, clinjcally apparent
injury.

—= Recovery
—=* of tissue

= Progress off
~~—+ tissue necrosis,

Fig. 22. Recovery of radiation-induced small in-
testinal injury (from model by E. Tazki)

LT ORI L 2 FREoksE, IPAZET X
BEEHAEIR, (ERAMAE, £, HERE,

R, T, BEESHBL L, PAZED Hh i
L LVERA R ERP . UL, ThbolE
RoBbh sHic, EEIFEERHD L bbb
STERER ORI 5 02, zokdicd, Xt
BHOAE 2 LB T T O HESR IR (& B O 4 %
MBI D, A v A kNGO BEEH
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XHHTH D0, GRS % /N
O XARERIRT R, RE2EAE L GFIE, B,
W) XL Tk D, WROBREMT Lo
TnAHLAD BE R, g, EEo
Eﬁth%%@ﬁﬁ@ﬁﬁmtbrﬁ<m®6h

D150, EWRSML~OBTRBERMCE LT
ii’Dé? hLTWB. HLZhboZ ki, regio-
nal enteritis OZE{b L (ZER U7z, Fiehi
B4t history A% 7g W0 BRI Tr 3 s
L\, Il X iR ofsk b, RSB
R 2T a0, MEO.Y w A k2SR
Rk, EIEBE b o i-BIEE T R X R
ICER {5 2 L0 KECeHB. CoHDER

BYPASS BYPASS oD ISOLATION

/

LSS 4
iy

Igyvsves
> SO

PROGIMAL DIVERSION
AND DISTAL DIVERSION

A, Simple by-pass procedure of damaged area of
the intestine.

B. By-pas of damaged area of intestine with iso-
lation of this segment from the intestinal tract.

C. Resection of injured area of intestine.

D. Diversion of intestinal tract proximal and distal
to injured area of intestine.

Fig. 23. Operations for radiation injuries of the
ileum (From ‘“Cancer of the Uterus and Ovary”’
by J.P. Smith, et al.)
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PIRNTZDIT, REBRZEED BT b B R/
CEBHD . RO L 2 EE ok
Dl O RIRAERC OB .

BB, WIRECOWTCThB Y, B
DU, FEETHRHOAE 2 L8 L T 550, &
% DREBRGI THBHYALE 2 DI TH 201X 3 4
T, TNCEBZEENT A T L, WA 3
BRITIHET LT 5.

FHAETHAL T L oENR L BB M,
FHFHPALIEANNC 13, diversion ) resection® L
nhh, AT 4o e babhs (Fig.
23)*  Smith & (1969)% % IF L\ #HBHAE T
AR E D RIFH CHBRET, %< 0 iER
(%, By-pass OFREIC X HFE I Wi L BT
D, 3, Graham & (1963)' (Lresection fz Lo
ileo-transversostorny A% JEHTER % dishT A Ll
T3,

—7J5, Joelsson (1973)' 513, WiEHD resec-
tion L reanastomosis IO T, FHiFI236E)
P26 (9%) ERVGEREEYBTWEM, &
FUTEEEIRALDS FhoTs fodb T, 0.5¢m~ 4 cm
DIREETH B LT 5. KICOREFIT, /)
o (197211, BHEOWEL BFRSRHT
0, FEROBAFRFE X b 2RI 04k
DEERIHFETH B LT 5. (H LEFEd
PIOREE 2D &, FAADOTHRITEL, ik
WRN T TR ASE LR L, REBOECHE
D&z EBbh, ii#k, BED SEGERCIE
TLTWwA,

' VI §# &

1966%F 4 A X b 1973%E12 ¥ T, M ik
Lic/hNGiESE oERA O 217w, “hib,
PIER O IEIC D &, v H F X 3 DJEEFR
B XL ORR OGO EEER #1707

AV B F X OFERCT, haER ORI X
H LD 50/3003745 807 T rh Rl i i &
rf Gy e

X, BUR Tk, —ERS 3,000rad B TPk
%, WAEFEOLNBZ D, 4,000rad L) clik
BT Lerus %35 Z37%, dhRIERORAIC, I

HAREZRHFESER $378 H2E

RSB, Bl NR CERE RS, <
Mo damage w40 LA EI KB Ui,

Wafacdicb, g, @RMLELo %, B
P BE A BRI PR A 5 W e 3T B & i, fHdgay,
TRERE A o Fe 2 ke, BYBE X L TR, AE 2 mEUR
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