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< u] 2 cm o|&7F 69, 2~3 cmo] 14% 1 o|Alo] 109
oltk(Table 1). 4ol $1X& A%el £59)Qol 713
B 1 o2 FAGT FEe] o AR woldrh

(Table 2). A5k BA] 1% FHoEE 11HE6.6%)N4 &
S7gell, 10933%)olA AL, 87 Q1% F5 ToE
Uebskth(Table 3). A 244 5 292 A3 & F
PAATFES lglaL o] § 182 23819 ¢ F Ay
& sigleh 11allA BALSE Aol HEdo] glle

o] T 3L FEE T Asiglen 42 A9 W
NEg Alsigiet. SH2 WAL Aol AdEE AR

Photon Knifel 413714719 A4} X2 olellA 31212
wAS T A ASIS oebe] i $9}9] AAE Folx

Table 1. Patients Characteristics

No. of patients

Age (years) Mean 34 (7~63)
<20 7
20~40 12
>40 11
AVM" diameter (mm) <20 6
20~30 14
>30 10
AVM volume (cm’) <2 6
2~10 17
>10 7
Sex Male 20
Female 10

*Arteriovenous malformation
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o}EE(occlusal splinter) & 3215 348 Eol| 148} BRWE
= ARste] AE s o 1993d RYFEHE TR
Aolol] v -alehEg Ardsted H3AA FRE EEAA
=207 A U 1A8H ol TAAATITe A%
= AR 717E FAelelcHFg 1), ER4AF] Agehe
FAe Edele AFES FolV] Slsle ZAFALS 4
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Table 2. Location of AVM

No. of patients

Frontal 11"
Parietal
Thalamus
Temporal
Parieto-temporal
parieto-occipital
Fronto-parietal
Corpus callosum
Basal ganglia
Midbrain
Putamen

IS
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*All lesions of patients are located in motor cortex

Table 3. Clinical Presentations

Symptom No. of patients
Motor weakness 11
Seizure 10
Headache 8

Nausea and vomiting
Loss of consciousness
Dizziness

Visual disturbance
No symptom
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Fig. 1. A thermal plastic mask for a head-fixation and a base
ring.
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WAATE AlYE AZEJols B9 VAX 400090 32~
glo]dof|A] Adisw #x}o] JgREE FHO A
JAHSOMARIS, SIEMENS) #8& ]~ (MOD)ol| #]#F
olFsla I AFAAE Alsiete] ek EHFALS A
TH A4 g3 4 #2985 18 3 3394 A4
< 5 AsoE JdEF dolom Al u|F
A dsliA 2% FHRE JAEF sQick T i
Zelvloly] A AR % = AFAsI] 1L 4
A Fz25 A|ZPEeellA] B 3749 Eok(Beam’s Eye
View)ol] whg} AR 0w, FAll IAFAE Fds3ict
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284 ccZ HIF 102 cco|YtHTable 4). thE-EolA] FJAZA
Aeke] 80% =4 ek=-A(isodose line)S A&Hs}od 1,500 cGyol|
2] 2,500 cGy, HT 2,000 cGyE ZABIAIL 1749] 3]HAFA
(isocenter)& AH23F A= 16909 2709] S|AFAE A
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Fig. 2. The mounted secondary collimator and patient setup
position for transverse multi-arc beam irradiation for stereo-
tactic radiosurgery. The transverse arc beams correspond to
gantry and couch angle position of linear accelerator.

&3k 3= SHelglem 19 49 SAFAS AL
tHTable 4). ¢k 2] @ll=ol =A% WAAZES  19~108
cGyE 7 38.5 cGyo|ch
WAATE 3 39 ol 33 I Follk doldle Ha
(residual AVM nidus)7} Q1o Al WAATES A3
olF i3l oA Al ARATFES F WA X
A =379 FElwolel g Agsle] IAFAEAE]
A
AeEs AR o5 T 182 BpAellA] X&s W

o,

w o

. EEpE

FAAAE PAASE F Mol 1] Ao A
shzaedolt A7 YL Adste] Wanidu)] A
sde] BATH HPBzIFot AR Wz
Hew RUelgrh. FHWLALS 104GolA 103492
B 397l glek

2 I

AA 32} 30 F 4o R 20719 o4 4 P
H A= 2090l o 1 F 149ollA] ShAE I}
ek B4 A7 wel 22 ¥ EW/1HQ2 cm ofs]) ¥
A} 4 B bR e] 5]9la Sk Y] HEA WY
2~3 em)} 107 F 8o SkAA| o] Hom 27 W4
(nidus)®] =77} 7+4=sl cK(Table 5, Fig. 5). 2 XS4 w7
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Fig. 3. Target beam’s eye view for verification of target isocenter position.
The beam angles are determined on a given gantry moving angle with 30
degrees of interval in given couch angle.

=

Fig. 4. The 3-dimensional display of target and selected 80%
isodose dose curve include the anatomical orbit.

F3 emellAE 32 64 F 19 SARHNE BT 5
oA FEsAe 9ot 3dAlE dol g 94 39
& A PAAFES 9T 15 A PAAFE T SAd
Ao ek Hde] EHo g ol 2 em’ ofslollAlE
4% F BFol|A SAsHMo] I 2~10 cm’ollAE 911

Table 4. Radiosurgery Parameters

Parameter No. of patients
Treated volume (cm’) <4 4
4~14 12
>14 4
Selected isodose line (%) 60 1
70 3
80 25
90 1
Number of isocenter 1 25
2 4
4 1
Dose (cGy) 1,500 5
1,500~2,000 9
2,000~2,500 13
2,500 3

B2%)llA kA o] E|Qom 10 em’ o] Aol AE 57 F 1
HollA ] WAATE & Aol FL 2 lA & 80%
ol #HMo| oL} 2 HEO Wiv} ol 1%L A
WAATES Al delola 19 Al AATES 17
Zolch. FEAMo| H 29 AL FEE AASH] B
Z Fo]th(Table 6).
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Tablqr 5. Obliteration Rates after Radiosurgery by Diameter of
AWM

Maximal Complete Partial No response
diameter of obliteration obliteration No./t tpl %
AVM' (ecm)  No./total (%) No./total (%) o/total (%)
<2 474 (100)

2-3 8/10 (80) 2/10 (20)

>3 2°/6 (33.3) 4/6 (66.7)

One of them has complete obliteration after re-radiosurgery
T Arteriovenous malformation

Table;f 6. Obliteration Rates after Radiosurgery by Volume of
AVM

Volume of Cqmple.te Partia! No response

AVM (cnn) obliteration  obliteration No. (%)
No. (%) No. (%)

<2 4/4 (100)

2~10 9/11 (82) 2/11 (18)

>10 1°/5 (20) 4%/5 (80)

“Complete obliteration was achieved after re-radiosurgey,
"Two of them have partial obliteration above 80% after ra-
diosurgery, TArteriovenous malformation

WA S5 A SR 99E 17
Aot ASELD B4 189S ASlsha 2FolA 24
Hgon FES BE el LAYk P S
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AP FhE

o T
ri\g
rok
i
X
1)
of,

=

Aol R 59 F 4wz sl
FoRS FHelas AZwAe Aol glglt HEdel 9
AR 17 F 17l »

Fgsle] YU A2 F 3B
& gside] @ gelelgich 2AH 7
Aela FAY ¥ 8T PAAGEe] A WA
oJg Wzt ool % ARAA B T ARG ¥a
&2 B g

(o5
i
(2
3
2

HEAWNES NEE A @2 Aol A Ad=
o] 3.9%, Azt 0|33} A Aol 747 24%, 10%F HaL

Fig. 5. A thirty two years old woman with small volume AVM nidus (3.6 cm’) in left basal ganglia. This pa-
tient was treated by radiosurgery that irradiated 2,500 cGy at 80% isodose line with 2 cm collimator by four
arc beams in supine position and in decubitus position, respectively. Left : pre-radiosurgical contrast-enhanced
CT scan and angiography show small AVM nidus in left basal gnaglia. Middle:the follow-up contrast-
enhaned CT scan shows decreased size of enhanced AVM nidus as time goes by (upper, 7 months after
radiosurgery; lower, 14 moths after radiosurgery). Right:complete obliteation of AVM in follow-up contrast-
enhanced CT scan and angiography at two years after radiosurgery.
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Radiosurgery with Linac Based Photon Knife in
Cerebral Arteriovenous Malformation

Jin Hee Kim, M.D. Ph.D. and Tae Jin Choi, Ph.D.

Departments of Therapeutic Radiology, Keimyung University Dongsan Medical Center, Taegu, Korea

Purpose : The purpose of this study was to analyze the effect of a Linear accelerator based Photon Knife
Radiosurgery System developed by the staff of Keimyung University Dongsan Medical Center for the treat-
ment of cerebral arteriovenous malformation.

Material and Methods : Between December 1993 and October 2000, 30 patients with cerebral arteriove-
nous malformation (AVM) were treated with the Linac based Photon Knife Radiosurgery System in the
Department of Therapeutic Radiology at Keimyung University Dongsan Medical Center. The median age
was 34, ranging from 7 to 63 years, with a 2:1 male to female ratio. The locations of the AVM nidi were
the frontal lobe (motor cortex), parietal lobe, and the thalamus, in that order. The diameters of the AVM
nidi ranged 1.2 to 55 cm with a mean of 2.9 cm, and target volumes of between 0.5 and 20.6 cc, with a
mean of 6.8 cc. The majority of patients received radiation doses of between 1,500 and 2,500 cGy, with a
mean of 2,000 cGy, at 80% the isodose line. Twenty-five patients were treated with one isocenter, 4 with
two, and 1 with four. The follow-up radiological evaluations were performed with cranial computed
tomogram (CT) or MRI between 6 month and one year interval, and if the AVM nidus had completely
disappeared in the CT or MRI, we confirmed this was a complete obliteration, with a cerebral or magnetic
resonance angiogram (MRA). The median follow-up period was 39 months with a range of 10 to 103
months.

Results : Twenty patients were radiologically followed up for over 20 months, with complete obliteration ob-
served in 14 (70%). According to the maximal diameter, all four of the small AVM (<2 cm) completely
obliterated, 8 of the 10 patients with a medium AVM (2~3 cm) showed a complete obliteration, and two
showed partial obliteration. Among the patients with a large AVM (>3 cm), only one showed complete
obliteration, and 5 showed partial obliteration, but 3 of these underwent further radiosurgery 3 years later.
One who followed up for 20 months following further radiosurgery eventually showed complete obliteration.
Ten patients with seizure symptoms had no recurrent seizure due to radiosurgery and medication. One of
the eleven patients who suffered intracranial bleeding developed further bleeding at 9 and 61 months
following the radiosurgery although complete obliteration was evevtually observed and the patient was
managed in hospital then recovered. No patient suffered severe complications following the radiosurgery.
Conclusion : The radiosurgery with Linac-based Photon Knife radiosurgery system, developed by the staff
at our hospital, is a safe and effective treatment for AVM patients having diameters or volumes of less
than 3 cm or 10 cm’, respectively, located in inoperable areas or who refused neurosurgery. We suggest
that staged AVM radiosurgery may initially be considered, if the AVM target volume is above 10 cm®.

Key Words : Cerebral arteriovenous malformation, Radiosurgery, Photon knife
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