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@ ABSTRACT

The application of stereotactic radiosurgery for cerebrovascular malformations began in the early 1970s. Despite pooly documented
response of vascular malformations to externally fractionated radiotherapy, single fraction, high dose, small-field, focused irradiation of
small vascular malformations were found to be cffective and non-invasive method to obliterate vascular malformations. During last
thirty years, overall role of stereotactic radiosurgery has been established in the management of carefully selected vascular malfor-
mations. By 1998 world-wide, more than 20,000 patienis had undergone Gamma Knife radiosurgery for arteriovenous malformations.
In comparison to other forms of nonsurgical management or surgical excision, stereotactic radiosurgery has number of advantages. In
properly selected, small volume AVMs, the total obliteration rate at two years appears to be acceptably high (more than 80%), and is
associated with low morbidity (less than 2 - 3%). In contrast to open surgical removal, radiosurgery is associated with none of the risk
of microsurgical resection such as blood loss, infection, acute neurological deficits and operative mortality. And yet, major problem of
radiosurgery is that it is still exposed to any potential risk of bleeding during latent period before complete obliteration of
arteriovenous malformations. Continuous study and researches are recommended for radiobiological clearance. To solve this problem
and to enhance the effectiveness of treatment, new energy source should be developed to reduce latent period until complete
obliteration would be secured, while reducing the chance of risk by irradiation. Presently, radiosurgery is applied to other vascular
malformations such as cavernous angioma or venous angioma, yet, the result is still subject to controversy. Thus, more rigorous
research, clinical experience, and enhanced treatment plan should be sought. (Kor J Cerebrovascular Disease 1:92-100, 1999)
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Radiosurgical Device

A WAL &) o] 853 E penetrating radia-
tione charge particle, X-ray % gamma ray 5 A &
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Mechanisms of Vascular Change
after Radiosurgery

e e Y3122 (endothelial tissues) S & &
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HE F4skA AT PAMIAR F vasa vasorum?)
A 73stet H o] G e FAHEES I IFL A
SAFIA =Hol VA Bt Edd e FE 3 conflu-
ent, fibrous, acelllular, hyaline thickeninge] &A= o]
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AAE & Ao o] AL F %
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o] WATE WA EEHA Q] 71 L Ae] 8 H
aorta-vena cava fistula modelS Y& & 4 mm A7)
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P& T F Au|F o2 fistulay ZHEA LA L AA}
Ak WA FE LT mA "B 24 (capillary
proliferation)°] #&= 1 671 LAl Fud 7] o)
AIE F4](venous endothelial proliferation)o] ZH& =]
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2HE7AAE 10, 25, 50 GyE 2AME A oM dae]
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Sheffield®] Major 52 94rtale] HE o] &3l MCA
o 20~200 CyE thdstAl 2AKRE ¥ irradiated vessel
o] 27zl YL F= 84S A8l e, radiation
goll whkA] WM3lsl= potasium prostaglandin F2ar}
vessel wall®] contractilityel] 52 Rytin stgon
a8 A Foe AR RAN S AABAE Zteths R
< TH3AE. Yamamoto $& A 5% 2d 33
HEAxFE 20A, A lo] o]Fojxg ot A4d
oz AMRY Bl e S Balo] xad 713y
#ol Wl s lgstisdl, HAo] HAe AP ela-
stic laminae= THE 4= §13 lymphocytes?} A= o]
Pew B albuminous fluider 32¢d 991 H4

N

X

oXx
o 1o
oot et

My ot 1o Hu

o g O

k

ol

Q.
=] -
.

B ox

94 Kor I Cerebrovascular Disease 1:92-100, 1999

F919] &2 demyelination, necrosis, gliosis® &
R e HidA] HolZl Bl WAl 23 MaE
Holg 9 It} 5old AL HPAzGE 2704
H7% o] Holx] grol ghAd|Molat AAEIY B2
o #4 e BAxFsolA Ho|A| kgt dake] i
o] fA¥ FE= Q3 recanalizationo] o] Folx BHEL

EA3e

o B EE FE& 53 2AdA deEd AAA9E
Byl e $2478 1) endothelial or subendoth-
elial damage 2) cellular proliferation and extracellu-
ar matrix expansion in the intimal layer 3) loss of
cellularity and hyaline transformation of the wall ma-
trix 4) total obliteration of the vessel wall structure
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Indications of Radiosurgery for AVMs
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Advantages and Limitations
of Radiosurgery

WAV o] FHE 2 veed N Yoy ¢+
2 A A vlE] FHE TAEo] G HFH Mg Z}‘E
Aot ving wolz ov) A e e APTES
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& AHE 72 Aok A X5 Aije] FgE
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Assessment of AVM QObliteration
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WAM] Fef 3R EHL X 5ie HEyur)
B AFHF L ollsta FAHA ARE Felate=n gl
o, zte] Je|E H718kaL neuroimaging studyE Al
gato] LT 5 gl TS
AubA ol 2 AP & 67H“é°ﬂ/‘1 247H'é14]°ﬂ 7é7]7“ °
2 MRI scans Al&¥3le] AVM nidus 2719 ¥3lE &
Aota Y nidus®] SAH o] A Y A9 WAz
=& Aldste] gXoRE EISH Ht. AP
AE¥ E& adverse radiation effectel] & F4do] 1
Bl 750l = ofofl tigk X| iy o] A ojz] o} st A|
= 24MEF HIY ARG dAA o] o] Foz|A] gL

BAle 1dWA 295t Vv T HERzdeS A3
Abete] retreatment %2 A A Bl HIoE =
7] H¥Rxdee] 294e e FIE e, o
olfre 7] H¥ARAEY NI (6~187ME)0] A 5A}
9] d & B2 RS Fo] Wt AE gle Aol A
27 Asjsigivta wdste] AX s e UE X F5H o
g asitie Folth®

TS AP ee FAAALE st AEEQ HE¥H
Z29%Hrhe MRISH MRA scan® 2% 383 37p7} 7}
It o ok

38, MRIY MRA scan2 £8% T4+ hemosi-
derin, progressive gliosis, different flow phenomen-
onl2 Q& WAMSEF AVMS FA 29 HNAALE
FAll B3] RAE ¢ 7] wiitol], 2= volume-
tric change® A&3] 41 (54752 B8] 935l
PET ®& SPECT® #2 blood pool scintigraphy 2.
functional imaging & ©]-&8p7| = gt} "™

Radiosurgical Results in Cerebral AVMs

1. Complete obliteration rate ‘

A7 H it A AN e B4 patho-
logical process?} X&) =dA & (thrombosis)o]l B4
Hol o Ax4<] thickenings YeAM A 2HE A
o]7] wWjiel AL o] F7] Sl Aol 1d o]/de] A
Zho] o3l Ut o g AR oj2& 7|7 & la-
tent periode 2~3dCE FH AT FHel Hiad w2
H G A7) 3 cm olEte] FAHHI|Fe Hf e A
AR A FEF diE 710~80% o)A X857} 7hs
3t} (Table 1).

WAL e 3 49 M-8 (complete obliteration rate)

& FZZA717be)| whe} 2po]E Hold| Steiner, Keme-
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Table 1. Results of Gamma Knife radlosurgery for AVMs :

Auih;of Date of report  No. of cases ri? 2322:‘:"?;‘:;*
Steiner 1992 461 369 (80)
Forster 1992 160 122 (76)
Bunge 1993 374 306 (82)
Kondziolka 1993 402 285 (71)
Kawamoto 1994 144 101 (70)

(published 2-year complete obliteration rates)

ny $0& Ale® ndy SAHA &L 31~40%, 290 ¢
AFGAEL 79~86.5%= Hustn on A&7 E

o]4&ta] X &3l Betti, Colombo 52 1o b=~
8L 29~52%, 2dol A& T0~T5% = B3}
Rt

HEFUrY A7)0 ME AHNEL Ao we} o]

AL Holx 3lEH Forster 52 €30} 2 ml 0|31 A
-9} 3 ml o] QI AfelA AFe Ao|E Holx] gttt
2 &%9.2™ Lunsford®E 1 ml ol8ke] Z$-& 100%, 1~
4 mle 735 85%, 4 ml o]goll A 58% A b o 0
=o] nidus®] =719 we} A 82 H7} Zpol7t At B
&},
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2. Factors associated with successful AYM radiosurgery

HF5H AN A A A-83t3 1= Spetzler-Mar-
tin grading system< WAPTES SHAME succe-
ssful AVM obliteration®] #sh= 9Jv] e QIAFEC]
FEHo] glo} Bxle] o TF o S3l] FET 2 Pitt-

sburgh WHdM e FHA7 e e WA FaF 2

HE o Zata zhzte] FAlel] thd A ae] f84S
7hel7] Ha 3 29 2oA Hole 54 9 2xpe] 4l
AR 2AL 71202 PAR grading 2 outcome &
At

Multivariate aralysis®llA successful AVM radio-
surgery ¥ T E A=,

1) smaller AVM volume(p=0.0003)

2) No. of drainage vein(p=0.0001)

3) younger patient age(p=0.0003)

4) hemispheric AVM location(p=0.003)

9] 47}A) 7} 574]@‘?1 o7k glon, olefgt R 4F ¥t

e AL U L 52 7|UE § IS Hew By
=

WAMASES o o 93& VX = E3htY F838
e dosed] AFoltt. HEFFWIIFO Wi FARSH

96 Kor J Cerebrovascular Disease 1:92-100, 1999

WAL Y] H A F(lowest dose)o] E&4E WAl H4
E Wxrt S71H Ha, Wae] 27]¢ lﬂ%@“—ﬂﬂ‘é%
A7) Bagh AR HAF Alo]d A% inverse
relationshipe] &A%t} & =53 97|39 7|7 E
2 WAE HAN7 =Y BR3F peripheral doset B
wolx| A "t} Ao|th Karolinska InstitutedlAes &
E Y EAM71F)A optimal doseE BEW7] 3] ol=
BE 1R AFE 223 Yo o] Z K indexdhaL 8k,
ZAFE HAaBo|(AVM volume) & M2 F3 FA=
oJ&te] o} dose selection®] A E= o]-&3}aL g} 2w

_—‘i;r‘zﬂ

3. Treatment failure after radiosurgery for AVMs

HEAA71 g daAeed P o Ao a9l
2 targetting error24 £3] 28-S T3 dojA 3
& 4 gla 28] multiple isocenter, higher S-M gra-
de, increasing AVM volume, lower marginal dose,
history of hemorrhage %°| 9lt}.?

Ellis $%& S-M grade III ¢}, radiation dose 15 Gy©|
3t, AVM volume 10 ml ©]3-& BAFCZ <Jugle A
g299] cut pointE AAI et

4. Other factors influencing radiosurgical result

1) Pediatric AVMs

Zote] HFHWr| g g WrbdeeS ARl vl
o8 ¥ A& z3 lth. A|&A] general anesthesia’l
83 4= 9Jew immature brain®| ™3 radiation?] to-
lerability7} AR 22 low dose® & -&3fof gt} =3t
HEY o TARIET} dRle Hlg) w1, MEE 2Ho] 2
HeAw7)de) A" £x 9om blood vesseld size
9} fragility™ &l embolizationo] &ol5k4] gthe A4
o Ql7] W&ol A<l vl 37} FA] @2 3= U
A g},

e #H2 UE Komaki Bl A3} Aofol ]
ZAIE Bl EM3 vlef] 931 1 year obliteration rate
= 45% 1 14% 3L, 2 years obliteration rate= 81% :
94% = 43919l Hlg) AolollA o] £& ARE HY I com-
plication rate® A4 <lel Hl&] 2-& A2 Byt

2) Medium to large-sized AVMs
2ol & 58N 7|8] 7, single-stage irradia-
tion& A#A37| AL 2 o= BdEA e g high
radiation? #HE AFHelu o] & BR8] Ag low do-
sed] AI&-2.2 Q1% low obliteration efficacy ®W&o]c}.
WA A embolizationS A& 2H sizeS 7+



A7 e AR V|HE 2 Jov AFEol v B,
A717F EJk = recanalizatione] dol'd ¢ 7]
2ol B3 targettings 3 Aol = X B0 Al
f"_ 9&1‘:}'.1)6)15)

Large sized AVMol thgl HAXF<9] 9PHL com-
partment treatment(one stage treatment for devided
nidi) ¢} staged treatment 7} 1=, nidus®] 2719 =
ol wa} A S 2% s Bk

T3 large sized AVMell th3t WAl SF&e] B5 59
v microsurgeryE A3 E ol ¥ FH W H] dHE

g 295024 Ao A¢A 1 dFe] £E glo] oA
st ] AA S 5 A EF= Aeltt. Staged irradia-
tion& 3~67149 R Al o] EFHA A
o] SRS V] YN e IS eS HA 3
A& &g AlFPshe 3ol Fohe Bavt ok

3) Are low-flow AVMs obliterated faster?

Gakuji "2 Ultrafast dynamic CT scanning® ©]
B3] W7 niduse] BREEE ST T, low-
flow type¥ high-flow typete] nidus obliteration®]
time course$} rupture riskell VX & 4gE v wEA s}
A&, low-flow typeol high flow typeRu} #2-£&0]
=3 o Wy HfAaEy 28] PR FE ZoE B4
Hol HEHWr1ge dFERE WIAFEY o Fof o
S ZFrin Bustgoh”

5. Seizure outcome in cerebral AVMs

BEE HFANrde T HAR g SR Ak
=% ABA 58I Y= ofF] P& WA UA]
gA gt AR BHAEL 50~80%4 =9 Hlwd FL& A
g2A43E B33k th(Table 2).

WA =424 antiepileptic effect® E& = JE 7]
AL T2 AiE & 9led AA | niduse] #H o] st-
eal phenomenons LAAIFNC 2N HEHN7|Y FRHZ
9] ischemic area®l perfusion® FgAIA ZHLAE o
At S, WARol HFAHANE FHEL] epilepto-
genic tissueo] AFALR FIgg Fol AH}E VEPIT

ar

Table 2. Published results of radiosurgical effect on seizure a/w AVMs

Author Date of report. Cases.  Device  Szfree (%)
Heikkinen 1989 29 LINAC 55.2
Lunsford 1991 43 GK 51
Steiner 1992 59 GK 69.4
Kondziolka 1996 15 GK 85
Lim 1999 3 GK 61.3

o A K|

==} [}

& 4o] Irh® Nidusd] AR =S AR 2ATE we
A ABBAE 2A Shethe AL o2 A9 el

o,

M

Rebleeding Rate and
Post-radiosurgical Complications

1. Hemorrhage

HERWR7|PEe dukdor o 70~80%9M S %=
detA = x88kA god vhd Edo] I gge
2~3%2 Bu¥ 1 Y3 APFES 1~2%= EHA Ut
Z3o| @A Aol A& BEE 23~67%= 4
A glow AL A2 192 6%, 15 BT 4
2% Azolth. ¥ Nze HEFUr|FY A7) #A
Ho] dutzl o g A7|71 22 Aol 28 S0 Fo
HEFN71E g e s AR B Y
AE 289 AP UsiA B2 =] Joisitt &
HyolA =gy go] e Mo =E3ly] H7A]
Yol AP 4 glovt 1 Wixe gloiM e B wet
Aol AT Ui HeFNrFe] iR 2EEFH
(Md 2~4%)3} v]53 Aoz dBA Yot TS
S o] 2] B3t A A& FH HEol A
ol WA A E AEFEE A FE AU

< Uehdch, z2eiu Hart dol sleAsE Ale®
Fx=9l 7]7te] AU E89] 7ML dA 8] gt
e Aeg Ra¥a Job® E3 oJstA 1.3%~8.2%2]
3t A& &o] EuHD JrH(Table 3). 1yt AR
FeF BYs= AEEL AH T )] FHFL ot

o o 4y

2. Adverse radiation effect (ARE)

HapAskE o 2 ARE{(adverse radiation effect)®= MRI
A AN &5 DAE T2WIES high signals 2=
B o g Z9Z7r% homogeneous enhance B+ ¥
£ BBB7} I35 Ay vascularization®] $7H radia-
tion injury® WEbATh WAMAFESE F2 MRICA
AREE ¢F 16%°14 Ta=w HApdgo] uhe} wxdv s
o o]z} 2lth, MRIZ}F CTET} A ARES] ¥A& w4
g 4 9lom(31:11%), A5 BE gao] ok §%0lA]
symptomatic ARE7} @At o] F gkl Agt of 721
A7getA Aol 2 @A "t AREE 2 AVM AAW
9ol HzA A radiation injuryE B F A= =
AZ2AE AuAe R B demyelination, edema 28|32

radiation necrosis® ##E 4 k. 2¥A ¥ A-g
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Table 3. Published complication rate of stereotactic radiosurgery for AVMs

Deviece Author No. of patients . Transien! radiation-related %)  Permanent radiation-related (%) Rebleeding (%)
Steiner 600 33 3.1 2.3
Bunge 236 2.1 1.3 1.3
GK
Forster 339 N/A 4.4 3.2
Lunsford 227 4.4 3.1 5.2 -
Particle beam Kjellberg 800 N/A 0.96 5
Colombo 146 4.8 2.7 8.2
LINAC
Friedman 119 1.7 1.7 N/A

*Prior to obliteration or within 2 years, N/A=not available

dose planning®® WA ZE ZHAA7)1H ARES] WHA)
X Y s Aoz QA v

Kjellbergell ojatd 237] WAMdG<S A3 753
FollA 107 (13.3%) el 4 o] EAslgod 1% 1%
°|&t=Z cerebral radiation necrosis®] 9HAL Zo)7]
A8l radiation doseE ZAAIZ Foll& W] TH(0.76%)
oA permanent radiation-related complications?} &
At

Permanent neurological deficits® X35 1 Wlof| 3
~4% A EAZE 3 3t} Steinere Gamma knife ra-
diosurgery$ 3.3%°14] transient radiation-related co-
mplicationse] #AF 2™ permanent radiation-relat-
ed complications 3.1%thaL B8 tHTable 3).®

3. Other complications

H HEgN7190] gt HAMIFEF delayed cyst
formation®] &HF sz Badz e, TA71H
L.E+ angiography 4 nidus®] 2+34% obliteration®] B
Q1 A% nidus WX radiation-induced vascular
change”} Al457] wjiolgln A5 1 glch Cyst for-
mation®] FARIZE= Karolinska Institutec] A= 16002
< 5, Forster 52 1400815 32, Tanaka®%: 40043
28] 527 0.2~0.5%9) W& 28-S Bty glov)
Yamamoto %<& 38%F 382 7.9%9 wYHICE Bp
P75 st HAAVE P as] wel A QAE A|qk vt
APAFES 9do] AU Z4e] Vel o= 91t

19} I F R WARKIEE HHo] ARe] g 4
E v BEax 9ok

z

Radiosurgery for Cavernous Angioma

Cavernous angioma®] W3t HAMMGEEL =] Bo
Y, 80| ¥HEEAY intractable seizure?} & A%
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=& deep seated location & &4 X Z7}t oL A
ol BAMA %S Algsta glrt.

Cavernous angioma®] WAMIFE glojxe] A4
< 3 FE3 HH S MRIOA dsl] ofae w
B olet A2 e LA L Bolr] Wi treat-
ment planning®] F#%7} W1 A|&3F neuroimaging
assessment’} dFE WA AAslA] £ Ao}
B},

Kondziolka &' eloquent area®] Y& 24d cav-
ernous malformationsol] 3t YA a0 AE Mo
A good outcomes B A4} 198, AlE3 AL
de7 %7t 18, delayed radiation injury’} 2
7357t 5Elivha Hushas gz os nastoly A&
galA] e A5 WA &S] thade] 52| %3 micro-
surgeryY conservative management’} © £& x| g4t
Holgka g1},

Steinberg 5”& 35#¢] angiographically occult va-
scular malformation®] WAM<¢E AFNA excellent
and good outcome 80%, poor outcome 14%. death 6% .
92 recurrent hemorrhage 6 cases, worsening from ra- ,
diation injury 4 cases®] 232 ¥ 13t}

Cavernous angioma®l W3 WAL G40] 3hal vhay
2 AVMSE| 295} AZs o ujaba wala
X OEARE NPT F S A a8is)] B 49l

B2A A gyolzln AzE.
Radiosurgery for Venous Angioma

HH-79] Venous angioma®® benign ¢linical course
£ 7FAI™ hemorrhagic complications Z o] A Z=4
of thef w=&o] glot, &Al BAFE 5= E venous
drainage®] ##2d A 98l7] 93] &0 e al-
ternative treatment® AMH-E $= It} & WAL SE



i

2 AA L] HAA AL Fd FHEY Hx2ol A=
+ HEF B ALY F v RS FEE £ v
a ¥R hdsitta & 4 girh

Venous angioma®] %t WAldse Aits 28A B
2520, Lindquist®e] Bad) wlad 1385 ¢4
Aol 14|, F-Eu o] 4¥| A0 FHFo] TAH 9714
#(30.8%)2 HEF W N Fol HlF] AmZHrt A8
wht "

Venous angiomadl] tlg BAMSgo] A3
dolezE A, caput medusaed] EAA P = I3
effective radiation field ¥MZo| = 81834 vein E°| &
A 4 97 W&o A" targettinge] AJHTE A
X, 2288 274 W53 9N718 3 €2 venous an-
gioma®l & arterial componentZ} A& glrhe A}o]o]
lonz 2h2 Fule Hlg Auo] FrA o & WA
Tzl Wil A2 F4ska it

T DB B& ol A2 o XaRFer <
8 optimal dosecll tgF 7ide] BE=o QA ¢kx, B
o] F& HhAlA o] AtiH o2 wzel white matterol] ¢
28] 9lemZ radionecrosisd] FA Al o, &
3t draining vein®] #42 2 213} venous infarction®]
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Conclusions
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