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The normal intracranial structures are relatively resistant to therapeutic radiation, but
may react adversely in a variety of ways, and the damage to nerve tissue may be slow in
making its appearance, and once damage has occured the patient recovers slowly and
incompletly.

Therefore, it is important to consider the possibility of either recurrent tumor or late
adverse effect in any patient who has had radiotherapy.

The determination of morphological/pathological correlation is very important to the the-
rapeutic radiologist who uses CT scans to define a treatment volume, as well as to the
clinician who wishes to explain the patient’s clinical state in terms of regress, progression,
persistence, or recurrence of tumor or radiation-induced edema or necrosis.

The authors are obtained as following results;

1. The field size(whole CNS, large, intermediate, small field) was variable according to
the location and extension of tumor and histopathologic diagnosis, and the total tumor dose
was 4,000 to 6,000 rads except one of recurred case of 9,100 rads. The duration of follow
up CT scan was from 3 months to 5 year 10 months.

2, The histopathologic diagnosis of 9 cases were glioblastoma multiforme(3 cases), pineal
tumor (3), oligodendroglioma (1), cystic astrocytoma (1), pituitary adenoma (1) and their
adverse effects after radiation therapy were brain atrophy (4 cases), radiation necrosis(2),
tumor recurrence with or without calcification (2), radiation-induced infarction (1).

3. The recurrent symptoms after radiation therapy of brain tumor were not always the
results of regrowth of neoplasm, but may represent late change of irradiated brain.

4. It must be need that we always consider the accurate treatment planning and proper
treatment method to reduce undesirable late adverse effects in treatment of brain tumors.
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Fig. 1. Case 1, Brain atrophy in 55-year-old woman with pituitary adenoma treated with partial exci-

sion and 5,000 rads irradiation,

A and B; Initial scans show a round enhancing mass with obliteration of left basal cistern in

pituitary region.

C and D; Postcontrast CT scans, 2 year 6 months later, reveal no visible previous enhancing
mass, but there are moderate dilatation of ventricles and prominent subarachnoid spaces which

is consistent with cerebral atrophy.
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#holl A 4,000 rad A& gt A BB KR
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et BB 3EASY 54 10 A el

AR 215 EEY (el BiEEE e
FALE%PT Roll =2} whole central nervous system,
large, intermediate, small field & st om
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Fig. 2. Case 5. Radiation necrosis in 28-year-old woman with glioblastoma multiforme.
A. Initial postcontrast CT scan reveals irregular homogenous enhancing mass with deformity
of midline structures in right fronto-parietal region. B. Enhanced scan 1 month later after surgery
and radiation therapy of 6,000 rads shows no visible previous mass. C. Follow up CT scan 2
months later due to recurrent symptom. There is irregular enhancing mass and peripheral
enhancing low density lesion which were proved to be recurred GM and necrosis by reoperation.
D. 6 months later CT scan reveals rectangular peripheral enhancing low density with no mass,



Table 1. Summary of 9 Cases of Late Change

Interval to Change

Pathologic Diagnosis

Late Complication

2 year 6 months
5 months
3 months
7 months
6 months
4 months
7 months

1 year 6 months
5year 10 months

Pituitary adenoma
Pineal germinoma
Pineal germinoma
Astrocytoma
Glioblastoma multiforme
Glioblastoma multiforme
Glioblastoma multiforme

Oligodendroglioma
Pinealoma

Brain atrophy
Brain atrophy
Brain atrophy
Brain atrophy
Radionecrosis
Radionecrosis

Calcification and
recurrence

Infarction

Tumor recurrence

Cases Age/Sex
1 55/ F
2 16/M
3 26/M
4 18/F
5 28/F
6 54/M
7 66/ F
8 46/M
9 30/F
Fig. 3.

Case 7. Tumor calcification with recurrence in 66-year-0old woman with glioblastoma multiforme.
A and B. CT scans before treatment reveal no evidence of calcification of ill-defined mass on
precontrast scan, but there is irregular enhancement of huge mass with surrounding edema after

contrast enhancement,

C. 4 months later after radiation therapy of 6,000 rads, the previous

tumor mass is markedly regressed, but residual surrounding edema is noted. D. Precontrast scan,
6 month later, shows not only multiple discrete calcifications in previous tumor site, but also
recurred huge tumor mass with deformity of ventricular system is appeared in right frontopa-

rietal region,
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oligodendroglioma, cystic astrocytoma, pituitary
adenoma 7} £#% 14% ch(Table 1).

At RRs R BEERTRS 2 AL S S4H
e 3EANA 25 6f@A7t= 9lcf.

B ERIEE = glioblastoma multiforme ¥ 240
stom 4fE) = 6 H Bl A& Ba=gd

o2 1f5l¢] glioblastoma multiforme & JHijzo)
i TE Al fReE g e

Oligodendroglioma 1fijof] 4 = 14F 6{f H # left pos-
terior cerebral artery @il %=L MBI

MEIES vebdeh

Pinealoma 3fid 1l HGHBGEEE EERLAL
s 9l ot 54 10 A FH#s]glek(Table 1).

Case 1% 554% ZcFiE#%el™ pituitary adenoma =
Wzslel Tz BHE VR # 5 000rad B
afistd ok, 248 6ff th FIEERERC] Yelv CT #
W MR BREES HRslg e HEEe] AT W
il SR FHEAT RS 29 cH(Fig. 1),

Case 5= 28t B % 2 glioblastoma multiforme

Fig. 4. Case 8. Radiation-induced infarction in 46-year-old man with oligodendroglioma. A. After
contrast medium, there is irregular enhancing mass with surrounding low density and midline
shifting in left parieto-occipital area. B. Postcontrast CT scan 4 months later, The more aggre-
vated irregular homogenously enhancing mass is noted. C. Surgical removal followed by radia-
tion theraphy of 5,400 rads. There is no visible tumor mass, but postsurgical encephalomalacia
is remained in previous tumor site. D. CT scan with contrast enhancement 1 year 6 months
later. The well-defined low density area in left occipital region corresponding to left cerebral

artery is compatible with infarction.
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2 el AR Wk 6,000 rad BETRRIERER
CT A BREBFAS RolA dgkod, AR E
Ikol EALsel Exk CT ®E-S st e HRE
HWmEsel ¥4 KRBERP #RsYx, BEHEY
R g 94 @S glioblastoma ‘multi-
forme 2 ®EZ = ¢l vH(Fig. 2).

Case 72 668t #cFHFol= glioblastoma multi-
forme = BWi= el 6,000 rad WAHHRBEEE 38 A #
BiEBREY # 1/38E Wmeslgded, HEk @A
Holl = HHIEKY vehd CT = BUBED HR K
R EE BER BRIEE 2 F dded FEE
B2 Exe EHE Az 8RN (Fe 3).

Case 82 46 FHToid %ﬁi&\ Oligodendroglioma
= #pslel 5,400rad 8 HAHRARE 9o, 1
CEA% RuEEEs) LUTLMEERe 2 CT BT
W ENSKEEIRER A3E e EREEA UKD
BRE o5k EBEREY EEEFRE 199 (Fe.
4.

= ®

RS Rel W BUSHRRAE Scholz®7} 7] (R)
Z A e BRozd 1 KES A B

2 2 Efslger, B—HEBAHE 4~5MEEH et
VL “early delayed reaction” & 1; —Eyel
ARG HEREEe 2 BRsd dx &ML gt
LS B BFTRS wold BAmEsts o
9, )

Kol “late delayed reaction”-& B{HHA#o R
HiE Aoy Hims KERY BES AL #TH
T RfTHMEFELE & 4 dovte #EERY DK o
B st gepdso,

BORBBRE SEALRC JEigel HER A e
BERER 2 NRAA £ s “somnolence
syndrome” o} gl\‘/}?’“’_.

ol & ZMMEIRME BMKEX PRI HEFRY
NEMEEHEE 6Bl A SEAH vhelyl oF 1~38H fEk
of @it oW CT HiR& HMERBEER &k
I ERERFoR Jola 3~6MAKI = EEFRL
2 Eolzlriaizan,

KiE EARS) Bk necrosis»®$1%19, atrophy
%15~18) - calcification of basal ganglia®19~20  aneur-
ysm formation??’, nectrotizing leukoencephalopa-

thy?15,25~25  mineralizing microangiopathy? 2627,

tumor induction®28~39, radiation-induced infarction
2,31,82)  ahscess»® or hemorrhage?:3 of necrotic

tissue o} HAY +x= Y}

1 BSHiARE BIESH 28t CT o) HFRAM

CT & MEBEEAA Bgtiamtdot Bk B
L8 EppEseol oA JEEEN BEH Lo
% FRsEReens, CT s BRRHHT
thel el M BMEAY WhHEN, E: HE
s e pEMbl BT REL 6, Bt K
e SESS BRY MESS BHSE Al W
festepom, =4 g CT Bifst sauitezad CT

o2 Figel wHm WHMEE #ET TEQT,
BEEAS Bt delAE 2 g EH0W.

2. Bstiams: REM il

1) Necrosis:

19304 Fischer 429l {Relo] HAHRIEIEA HT &
& AL e glgled, IEEE RE, BEWRH, &
HIWHEY, BHAMESS SEREBEEEA HE BR
L gy FHEEvl A2 SE Aol BRI,
o BHHEE EEEA W BEREER T BEREE
BES HEN, 28l HRBEES] BRESe K
SHREESEY BABEE Bzl e BT Szt M
43,37,38)'

HEHREETE W AR RSk il
MEEA EHEFRTYs 28 el M
HEREE BA A HERE mMERS 4o
wEA ook, 2ol Ml #Ha Bl £ ERo|
2l ol b3 Fhskeha sy o,

Martin %2 HEHRERS —Xkipad e @E
o] ARzl (endothelial cell)el= RME FiEstz
gov o #Ee of-&3 Zri(Table 2).

HSREe HygtEste] FEMiete A2 Fmlf
HolH ol AL BMKFE BB HR/T KERS &
Hel wobe AL vebiiAnl, moko]l KelA EERS
BES PIER R KE BEol F—sdlvhs Aol uLE
=g,

Egt BEHESRS MERIT glor MRl Wikl
Bods] L Aol BMER EHs BIE, mass
effect o} MHE RS dosA== ol BKERS
CT fiRol HEZ B s Jehde®,

CT ol $3F HFERE-2 FrRol ZHsA sEdl ﬂtl
Bgel A vk HEI) BEEE 4 13 FiRel g4
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Table 2. PATHOGENESIS OF RADIATION NECROSIS

Edema

e N
Acute fibrinoid necrosis—Necrosis—Mass effect
of vessels with rhexis\,

Radiation —sEndothelial damage—Dysoria
(aknormal
vascular

Hemorrhage

—— Insudation of plasma— Transudation into parenchyma
rroteins into vessel
walls with thickening

(plasmratic transudates)

permeability) & hyalinization

------ Microthrombosis.— Necrosis

ZBists) 7t BEsl) A Eel CT ARt ERBHiH
RE WA A EEe BEI EES EjEe Ao
ﬁg-g}_;}jﬁ,lo,%,w).

CT BiRol Wik #iflell & mass effect §lo] EH
o] BfEE EEEo 2 Uetva ZEAE EEREN
#®EEs s BikE 2d Sy, o] izt
Avka EBEE 7H2L RPTIESSL WM 8 central
or peripheral irregular enhance ¥ 3. B #io] mass
effect ¢lo] unilateral or bilateral diffuse low den-
sity ®= % isodense 3}4 1} hyperdense = Y ERhI 5
-5‘1_‘;},2,9,10)'

TREHRIETES BAFE L 1 5% MMl L iR EHE
ol & 15%cll Al B e},

B3] time-dose-frationation regimen o] ¥t £
BHde #Hite dod Wigg % TD=(1,984=%
34) N(0.40-20.008) T(0.00006+0.009) b= A& F
Hate] LHol sERHS: BE, SEPRBEMET
1,536~1, 818 ret o] o}, o] A& 5,000 rad & sh-Fel] 200
rad 4 25[@] WEEELE 7 Sols 1.562ret ol FEE s o
fgell gt RaEfEEel L Ellis Loz # 5@ 150
matel e Bl SHEMRECRE 277rad /F HH JE
JES] MRFfERFL SH e,

Marks %3¢ kst €,000rad S 498 35 HBE
ubo. el 6,000 rad B 42[ [ 30 WAL EE
Atolell & HFEAN A HETES Fade) WEI WMo
=, EA A% 5,000rad & 30 fraction/over 42 days
B @t A SEmEY BAMEdx RS

Marsa 402 ¢,200~6,600 rad JREEE 6642 BE
m 10flo A MRS IR et 4ot kgl o
Bouchard*’s= 5,000~6, 000 rad 2 50 H (/@41 314 v},
6, 500rad(CO-60 == 4 Mev X-ray)Z 50H BB 43}
€ AL K FERAACA S sy, 24 o
B HEdAE 9 6,000rad LLE RS HElA
Y Bade] T2 Ao R dur Yrpto,

e BT YRR TEMRS A fgol =eb of 2 E
Ry 2 Dexamethasone o {k3] fFilsd == glo
v, s ES] ERel W& MM KM ten-
torial herniation & fEffito] d= FEBdlX AR
Yt AAHHREE fIT dos BHEBELSE
O, =y s KBS AfHELR M)
IRIER RS0 A7+ B#lxE g+t
= HMifEA potassium o] kS =
A8 ByI-5t3 antiedema activity 7} gl o= FIEIE
o Hir BFEHEC R X3 10mg & FHET % #
BABOE 4mg$ Gﬁzsﬁﬁﬁﬁii Bt 36BN
o e 24 ool s REES B2 whiAdviz @
KEy o 2 HEDEHD,

2) Brain atrophy:

ol et Mie g ohont IgkIESl PHSH
2 [H3 communicating hydrocephalus? wj]-Folz}&
7 5} steroid*®e) R FR v #HiEE Aot
olwl BEAAE KBS B ddon, BBl
Ko BEERY RABRMLFAEME B SRe
HeEa A & e,

MBS Qo MBS 20K 3,000~6,000 rad
2 Rehee BE LEAA CT 4bdl FHfEpT AL 1
91, BEHHRIEH (2,400 rad) s} A intra-
thecal Methotrexate & y5#uk-& ALL & /NG 1/3¢1
A gl BT E WER d5.

CTHiHe = BMEJ diffuse low density 7} vielvt
e ofd TEEY Bflbeo = B4 vacuol-
ation, fibrillary gliosis ¢} perivascular hemosiderin-
laden macrophage %2} FyRel ¢l multiple foci of
white matter necrosis \} fibrinoid necrosis of vessel
wall & & 45 gepem,

ol 8] ¥ HEFEM-> MUT IR S0l = Alzheimer’s dis-

ease, senile brain atrophy, steroid v} chemotherapy

Dexamethasone

#%, alcoholism, anorexia nervosa, Cushing’s syn-
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drome %ol A £ VERGEHR,

Corticosteroid o] #a I§HEM-E steroid & Rfufe
Moz g%k ohJzk KE, HiK, mE, FEAAR
ZEfEes)t A7) steroid 7} Kirat BREMEA ¥
®e w0,

3) Calcification of basalganglia:

Bt msE BT AEY AK{ks Harwood-
Nash %o 249 JRAA KEE LK Kramer?®,
Numaguchi?* 5 #i#7+ g}

AR A7 BHERES 1,000rad £HYH
9,000 rad 74 Hifslm FrEs = HIFE-S 100871
OfAL A o] ep2b,

Mgtk AR B KRS #Rs ¢ + gt
fhsl KRl ok el B o2 RFTRIQ tissue
hypoxia 9} vascular necrosis 7} -1+ 2 & mE
FERBAC BBk sl Yoy} calcium salt 7t EE
HE Aol 2 BREe] 3w,

EF gl Bt FEHML BEHo 2 AN
o #ffel MERKILE doglcte 3R 5l delayed
demyelination ¢ 2 JJATRY REKIEMSE FEFHU
Retpe] BTt BEE A%,

4) Radiation-induced infarction

Begtimal KT BEMmES BB KHS g PASK
2 S L Sl ERE dEAAA 234 %
B, ki FHSEREREE FHBIREL
fiEol v} stroke 3k & fERR e R FRsN HEH =
%‘;*_2,31,32). .

Hatirel 3 BEmAETASES MEEYTERRL
internal carotid artery o} proximal vessel | fhz
g PASNE R = moyamoya collateral o} proximal
obstructive angiopathy ¢} [@{g38}A v} diffuse cerebral
arteritis o} 2& HeE vehdelv, old BB
Bisiol & B2

1) tumor compression of vessel, 2) spasm due to
subarachnoid blood 3) arteritis of inflammatory or
immunogenic nature 4) developmental vasculopathy
such as in neurocutaneous syndrome, 5) underly-
ing preexisting atherosclerosis, 6) other cause of
occlusive vasculopathy %o} gl x}3D),

5) Leukoencephalopathy:

sSHRERESIFE Y HEE BRd4 Rage
St##o necrotizing leukoencephalopathy 1} miner-
alizing microangiopathy 7} =) 2 #54: % £}213,2%,24,26,

27)49).

R4t Bt Methotrexate o} #HBMMRE EREs
G4 glovt 10ERM DRAA E& FHEH ol R
e REMY KRS ) Fol ohd b Bl e,

Progressive mutifocal leukoencephalopathy & i
ML EES REEES RRSA SR o
w CT Hiie RETHY KEEERS el scalloped
medical border & o] &2 medial border & v1-§ sm-
oother low density 2 Jvehvx EHzRY HEER
© ggue,

Bl = BFTEHBT RS ol multifocal coagul-
ative necrosis 7} KESEER S o,

KEd afunEse B BRHK 421 —
g9l subacute necrotizing leukoencephalopathy &
CTz RUBAEYT 4 9o ol WiHel 2 FR
& RETH BRL, HERBELRY, K2Rk @

YR TRl o] BH 2,
=3l CT A necrotizing leukoencephalopathy 9}

sEas) ok ¥ RS cerebral infarction, cerebritis or
abscess, focal demyelinating disease(multiple scler-
osis), primary or secondary brain tumor o] =}4%,

%] mineralizing microangiopathy = leukoence-
phalopathy ¢] {B8#:# o 24 %%k dystrophic calei-
jcation & ¥ 4 sod BEH kEHEs lentiform

‘nuclei ol FR{L7) Btk gho)esen,

6) Tumor induction:

BSHRBHERN M2 FEEEEe #4se A
& wAstAer BTEMRES Bite: fibrosarcoma
7t A7 HirE A,

SRl HHiRBS % meningioma 7} #EF A5
ok, ol AL Mgl ABER R fEMA LA o
U= ofEe] Mol FMICE RIMSIA B4R A4
AL R el op®, o2l EHES A THREMRN
2 Rk ¥ 8o,

7) Other complication:

A 200 rad 4 EgTL-S g R} 250 rad
E Bghre B4 BEFES gty Hsh g

Kingsley»: BlisgEA & HIEH 8Lt
A7 1515 &8sty onl o)W AR E Ridte
Aol TEA don BHEEA FEE o= BR a5l B
{7k 43 4 gk 35

# ]

EHHES Kptmel KT BEBHRR CT = KW
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EBHRED AR BHEEE 9oz T BBSd
thgrk 2 HRe S99k

1) BHEY 2= BEY B BEEE oo
SREBHEFT Rol »le} whole CNS, large, intermedi-
ate, small field % ¢ 2 &E:sA KBES9 .

2) MWHBEES 4,000~6,000 rad(FHH#se B
3 161 9,100rad)g o=, CT ol K3 EBHBZEM
M- & 3EA S 54° 10 A 7R o =

3) KEERC) B BgRERE BEEER Jebd
E AS R E HEY BBl AEd KR ol B
Byl f§#MSo) brain atrophy(4f), radionecrosis
(2f) tumor recurrence € or § calcification(2%),
radiation-induced infarction(iffl) %49 iB4:8{ks}
PN

4) oA T d8 AUHES HAAs BAAL B
b a3l 12l time-dose-fractionation £-

Flstel EFKERS RESHT SE Fz s
AEY BBl Higslolol & Aoz BHsEA,

BBl B BYBlEEer CTY #&
Hio] o Zchsihil ol
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