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The gamma knife consists of a cast hemispherical steel shell

sources (). The gamma-ray beams are focused at a target point 403 mm from the sources, Each “'Ce
source undergoes primary collimation within the casting (a). Final collimation is achieved through one
of four helmets (4 mm. 8 mm, 14 mm, and 18 mm in diameter) (c).

8 i fom

Dose profile
The diameter of the collimator helmet apertures (4, 8, 14, and 18 mm) are used to vary the size and
nfirm the extremely

shape of the radiosurgical lesion.  The sharp beam profiles of each collimator
nent defivery of an essentially spherical dose of

adiation, permitting single-tr

rapid fall-off of the
gamma uradiation (top; isodose profile, middle: film exposures). The isodose curves are defined in the

axial plane (bottom: X-Y plot).
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Table 1 Initial manifestations of 315 patients radiosurgically treated for AVM

Cases
Symptoms
No Percent
Hemorrhage 228 72
Seizure 1 {55
Headache Is 43
Neurological deficits 10 43
Others 3 1.0
17 5.4

Incidental
Total 315 100.0
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ber of Patients

1 11-20 21-3( 31-40
Patient's age at seizure onset and radiosurges

[ E"""]

the distribution of patients by decade of age at seizure onset (black), and age at

Bur graphs

radiosurgery (gray). Patients’ mean ages at seizure ¢ 7 years and

msel and radiosurgery were

Number of patients

34 45 >5

Seizure History Duration before Radiosurgery (yr)

Bar graph demonstrating seizure history duration of patients before

history was 2.8 years. but vaned from 2 months to 21 years




Table 2: Location of arteriovenous malformations (AVMs) and type of seizures
S ype of seizures
ation Number d Type of seizure
AVM S 1 R SPS cPs SG
Fronta 10 7 2 1 0%
s 7 5 1 3
Temporal 13 9 . 3 1 ©
Occipital 5 1 4 5 0 (0%
Total 35 22 i3 I 5ee )

SPS: simple partial seizure
CPS: complex partial seizure

SG: secondarily generalized seizure

*Generalized seizure without aura or focal symptoms

*One patient had suffered both SPS and CPS

Table 3: Clinical summary of patients with epileptogenic / non epileptogenic AVMs

Patients with non-epileptogenic

Nkl Patients with epileptogenic AVM

(N=35)

AVMs (N=22

Males / females

Age at radiosurgery

Mean nidus diameter (cm)
Nidus volume (cm’)

Ri/ Lt

Temporal / extra temporal lobe
Cortical / subcortical
Superficial / deep drainage

Length of follow-up

/13
31.51 1.6 (12-50)
1.740 8 (0.6-36.0)

3.944.3 (0.1-25.0)

2.0£0.6 (11.2-33

4.7+4.4 (0.7-20.0

1705

6/16

10712

30.2+15.4 (12-62)




Table 4: Treatment techniques in 3

Number of
Treatment paramet n-cf n total
AVM (N=22 N=57,
Focal diamet { collimator helme
nm 0 0L
nn 71 (49
14 mm 78 (45 51 (354 129 (40.8)
18 mm 11(64) 22(153 33 (104)
Isodose enclosing the AVM margin
5 2(5 1(45 3(53)
S0y 29 (82.9 18 (81.8 17 (82.4)
55 1(28) 000 1(1.8)
60% J(86) 3 (13.6) 6 (10.5)
Central dose (Gy
30 1(29) 0(0.0) 1(18)
31-39 000.0) 1(45) 1(18)
10 25(71.4) 16 (72.7) 11 (71.9)
1-49 7 (20.0) 3(13.6) 10 (17.5)
S0 2(5.7) 2(9.1) 1(7.0)
Peripheral dose (Gy)
15-19 1(29) 1(45 2(17.9)
) (65 16 (72 39 (68
21-24 §(22.9) 1(45 9(15.8)
25 3(8.6) 1(18.2) 7
Number of isocenters
13 13 (37.1 1 (18 17 (29.8)
16 12 (343 9 (40.9) 21 (36.8)
9 7 (20.0) 3(13.6)
10-12 3(8.6) 3)

*In 57 patients 316 isocenters were used: averag

/ patient=35.5
“*Central dose ranged from 30 1o 50 Gy (mean 41.243.3 Gy)

al dose ranged 15 10 25 Gy (mean 20.9+2.0 Gy)
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57.0268.47

P<0.01) REDTRLVE Z(P<0.02

AVM

JoBET86.6%., JEIERE

E34E D AVM DY

L0 SURF 2 AT d & 72 h%, SEal I 47 3% 12 EA - 72 (P=0.10) (Table 5)




Table 5: Factors affectir

seizure outcome after radiosurgery

Seizu teom,
with Patients with Significance
e fr ngoir rures
8 N
fer 19/9 NS
| radiosurger 32.0511.0 (1248 299455 (14-50 NS*
i fore radiosurg
Single 18 0
).01#
Several (2-4) 5 2 P<0.01
Numerous (>10) 5 5
Duration of serzure history (months) 27 57.4 (2-252) S7.0£68.4 (6-203) P<0.02%**
¢ Al selzure ons 30.0511.7 (11-48) 25.4%12.8 (9-41 NS##=
Type of Seizure
SPS without SG 2 2
NS
CPS withowt SG 2 |
SG 24 i
Characteristics of AVM
Rt/ Ly 1117 2/5 NS+
Cortical / subcortical 18/10 3/4 NS
Temporal / extra temporal 216 1/6
Deep drainage / superticial drainage 7121 16
Mean nidus diameter (cm) 1.7£0.5 (0.6-2.5) )£0.9 (0.99-3.6)
Nidus volume (em’) 3.3+2.1 (0.1-8.4) 6.4+8.6 (0.4-25.0) r
Treatment parameter
Central dose delivered (Gy) 41.1+2.5 (40-50 10 .6+6.0 (30-50) NS*
Marginal dose delivered (Gy 21.0£1.7 (20-2 9 (15-25) NS
F i
Actuanal 3-year obliteration rate 86.6¢ 35.7% NStes2
Radiation induced edema: Yes / N 10120 3/4 NS**
Length of follow-up (months) 42.9£17.6 (18-78) 4£29.6 (18-83) NS**#
*from chi-squared contingency test **from Fisher's exact probability test
***from Mann-Whitney rank test *=**from Cox-Mantel (Log rank) test
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Table 6: Clinical summaries and responses to irradiation in ten patients with numerous seizures before radiosurgery

Volume it .
Ao/ |Selsiite Seizure Seizure ) amn Locatior i AVM brain Change in seizure Seizure outcome
Case ; AED of AVM peripher. Follow-up
Sex duration  tyf frequency my  OTAVM i response  edema  frequency (Engel grade)
1, monthly ] - X 1, free since Smo grade 3
1 yrs > PHT, PB 250 Rt parieta 30/15 NC (6yr o 83ma
2, monthly Rbpariete : 9 2, no change 3 AED continued
decreased since 4mo grade 1
2 3 PS, SG veekly PHT emp /2 R (3y o A 78mo A
CPS5, SC ¥ H Ri-tem $0/2) G X free since 37mo o AED discontinued
19 . CBZ.PHT, .. e £40/20 Jecreased since 3mo 4 grade 1
6M  lyr crs weekly ety 5 Rt temp iy S 67mo i
1,CPS 1,weekly ~ CBZ PB 1, no change = grade
26 Lt fronta 0/20 . i Omo
b by 25PS(m),SG 2, monthly  VPA 3 ! LIE 2, free since radiosurgery " AED c¢
o 19y SPS (v), & monthly PHT, PB S Rt occipital 10/20 CR SEGIEQRSO Ainne D 55mo gradel
o free since 35mo AED continued
6 oM A cnz Rt occipital 40/20 CR (3yr ocal free since radiosurgery mo  Erde
AED discontinued
(it T e B 1 Lt temporal 40720 c n no free since radiosurgery  d2mo REEEC
5 Asvs SG monthly VPA 04 Lttemporal  40/20 PR (2vr) no no change Hmo  Braded
AED continued
" " . : grade 3
9 17 057 CPS weekly ZNS 06 Rt parietal 44.4/20 PR(15y0)  local decreased since 3mo 20mo A
L AED continued
10 34M 35yrs  SPS(s) monthly cBz 69 Rt parietal 10/20 CR (1yr) local decreased since 5mo 18mo praded
AED discontinued
NC: no therapeutic response PR: partial obliteration of the AVM CR: total obliteration of the AVM

SPS: simple partial seizures: (m); motor. (s); somatosensory, (v); visual. CPS: complex partial seizure. SG: secondary generalized seizure
PHT: phenytoin ~ PB; phenobarbital — CBZ: carmabazepine  VPA: valproate sodium  ZNS: zonisamide

* small remmnant of AVM was re-irradiated 3 years after radiosurges

y

inadequate dose of the drug was introduced
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Figd

A.B.C: Computed tomography (CT) with contrast enhar

ment of Case 2 before radiosurgery
| temporal AVM with a maximum diameter of 2.5 cm (A
hy (ICAG) frontal (B) and lateral (C

nonstrating a nght antero-ny

Stercotactic right

he AVM At

ernal carotid angi

projections demonstrati

urgery, 20 Gy v

1s delivered to the 50% isodose line (maximum dose 40 Gy).
D,E,F: Contrast CT (D), and right ICAG (E.F) obtained | year after radiosurgery
I

showing no
sical therapeutic response

1.1: Contrast CT (G), and right ICAG (H.I) obtained 3 years after radiosurgery

lemonstrating total
obliteration of the AVM
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Fig.5
A, B,C: Magnetic resonance (MR) T2-weighted imag

fight postero-medial temporal AVM with a maximum diameter of 2.5 ¢m (A). Right vertebral a

of Case 3 before radios

y, demonstrating a
ram (VAG)
frontal (B) and lateral (C) projections before radiosurgery, demonstrating the partially obliterated AVM afier trans-

arterial embolization. Twenty Gray of irradiation was delivered 1o the periphery of the AVM at the first
radiosurgical treatment
D,E,F: T2-weighted MR ir

showing no morphological therapeutic response or adverse reactions to irradiation. Subsequently the p:

ige (D). and nght VAG (E.F) obtained 6 months after first radiosurgery

underwent second radiosurgery 2.5 years later to obliterate the small remnant of the AVM
G,H,I: T2-weighted MR ima, nd right VAG (H.1) obtained |

years from first irradiation) confirming that the AVM was totally obliters

s after second radiosu
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