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Table 1. Patients Characteristics

No. of patients

Age (years) Mean 4 (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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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

'
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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 3
Loss of consciousness 3
Dizziness 3
Visual disturbance 1
No symptom 1




Fjg. 1. A thermal plastic mask for a head-fixation and a base
ring.
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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 iransverse arc beams correspond to
gantry and couch angle position of linear accelerator.
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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.

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
29 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

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

®2%)0lA A o] Fgler 10 em’ o] FellME 5% F 1
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L A HARGTES U 19 A AT E T 9Abd BAAFES AN ddelxn 1HE Al HAdTES 18
Ao] Eirk. Wi S o7 UrolHm 2 e’ ofeloll A Folrk HiEwde] B 292 AWM FEg AAsl
49 F ZEoA A Mo] HYI 2~10 ecm’ollAE 911 Z Fo]tKTable 6).
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Table 5. Obliteration Rates after Radiosurgery by Diameter of WA e A S5abelrt dd 11 F 304 o &
AVM St ASEUN 4 19 Asleln Bl $4g
Maximal Complete Partial No response Hojon F28 nE 3Rl LA A F5 A
dlameTter of obhteraho? obhteratlor: No./total (%) S Zaw WA B 109S WANSET} obE
AVM' (cm) No./total (%) No./total (%) WEEA< o= WHY 2 SARTTE =
<2 4/4 (100) Folg AAubare. zAz|glon] 63 Fos FTHlL
2~3 8/10 (80) 2/10 (20) Azgubake] Apke gloict, AQubzro @ yidd 109 & <
> 2761539 46 667 Aol @ 57 F 4wn sl X 49 5 19l

*TOne of them has complete obliteration after re-radiosurgery Eoke Zolalmy AlAurzre] zfuto] dlgdtth ¥EHol| 9
Arteriovenous malformation - PR o] )
AW 1% F 154 AeE F 1970, 610Dl B4
b

A
=
Z83lo] ¢l X8 T F)Esfo] =AdF Fo o] 3kx
Table 6. Obliteration Rates after Radiosurgery by Volume of FRetod A A2+ 2 o}oj FHALE Foled i
=

AVM' & sl B Adlolgieh. YA el e 23olA
Volume of Complete — Partal o o Sola Y ¥ SEsigl ATl A 3
AVMT (my) ~ Oliteration - obliteration ", o) o wzl At olell gk AAAA T4 T AAY #A

No. (%) No. (%)

g0 JHEA okt

<2 4/4 (100)
2~10 9/11 (82) 2/11 (18)
>10 1'/5 (20) 4'/5 (80) ok 3l 2=

*Complete obliteration was achieved after re-radiosurgey,
"Two of them have partial obliteration above 80% after ra- HEAMTHL 255 1A

. f . . L
diosurgery, 'Arteriovenous malformation o) 3.9%, A7r olzha X|Ago] A4 24%, 1.0%E K

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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—— Abstract

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’,
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