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Abstract

A high degree of precision and accuracy in Gamma Knife Radiosurgery(GKRS) is a fundamental requirement
for therapeutical success. Elaborate radiation delivery and dose gradients with the steep fall-off of radiation are
clinically applied thus necessitating a dedicated Quality Assurance(QA) program in order to guarantee dosimetric
and geometric accuracy and reduce all the risk factors that can occur in GKRS. In this study, as a part of QA
we verified the accuracy of single-shot dose profiles used in the algorithm of Gamma Knife Perfexion(PFX)
treatment planning system employing Variable Ellipsoid Modeling Technique(VEMT). We evaluated the dose
distributions of single-shots in a spherical ABC phantom with diameter 160 mm on Gamma Knife PFX. The
single-shots were directed to the center of ABC phantom. Collimating configurations of 4, 8, and 16 mm sizes
along x, y, and z axes were studied. Gamma Knife PFX treatment planning system being used in GKRS is called
Leksell GammaPlan(LGP) ver 10.1.1. From the verification like this, the accuracy of GKRS will be doubled.
Then the clinical application must be finally performed based on precision and accuracy of GKRS. Specifically
the width at the 50% isodose level, that is, Full-Width-of-Half-Maximum(FWHM) was verified under such
conditions that a patient's head is simulated as a sphere with diameter 160mm. All the data about dose profiles
along x, y, and z axes predicted through VEMT were excellently consistent with dose profiles from LGP within
specifications( < Imm at 50% isodose level) except for a little difference of FWHM and PENUMBRA((isodose
level: 20%~80%) along z axis for 4 mm and 8mm collimating configurations. The maximum discrepancy of
FWHM was less than 2.3% at all collimating configurations. The maximum discrepancy of PENUMBRA was
given for the 8 mm collimator along z axis. The difference of FWHM and PENUMBRA in the dose distributions
obtained with VEMT and LGP is too small to give the clinical significance in GKRS. The results of this study
are considered as a reference for medical physicists involved in GKRS in the whole world. Therefore we can
work to confirm the validity of dose distributions for all collimating configurations determined through the regular
preventative maintenance program using the independent verification method VEMT for the results of LGP and
clinically assure the perfect treatment for patients of GKRS. Thus the use of VEMT is expected that it will be
a part of QA that can verify and operate the system safely.
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Fig. 1. Collimating system of Gamma Knife Perfexion
with 576 positions that radioisotopes can be

positioned: 16mm( ¢ ), 4mm(.), 8mm( « )

I. MATERIAL AND METHOD
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Table 2. Differences of Full-Width-of-Half-Maximum(FWHM) obtained from LGP and VEMT on Gamma Knife

Perfexion
Collimator VEMT(mm) LGP(mm) Difference; LMD FUIMILCD ()
4 mm(x-axis) 6.10 6.16 -0.9
4 mm(y-axis) 6.10 6.16 09
4 mm(z-axis) 5.16 5.04 23
8 mm(x-axis) 11.10 11.06 0.3
8 mm(y-axis) 11.10 11.06 0.3
8 mm(z-axis) 9.71 9.8 -0.9
16 mm(x-axis) 22.00 21.75 1.1
16 mm(y-axis) 22.00 21.75 1.1
16 mm(z-axis) 17.41 17.44 -0.1

Table 3. Differences of PENUMBRA widths obtained from LGP and VEMT on Gamma Knife Perfexion.

PENUMBRA(VEMT) — PENUMBRA(LGP)

Collimator VEMT(mm) LGP(mm) Difference: PENUMBRALCP) (%)

4 mm(x-axis) 2.80 2.82 -0.7
4 mm(y-axis) 2.80 2.82 -0.7
4 mm(z-axis) 1.49 1.52 -1.9
8 mm(x-axis) 3.90 3.95 -1.2
8 mm(y-axis) 3.90 3.95 -1.2
8 mm(z-axis) 2.36 2.29 3

16 mm(x-axis) 9.05 9.03 0.2
16 mm(y-axis) 9.05 9.03 0.2
16 mm(z-axis) 2.52 2.55 -1.1

Iv. CONCLUSION & DISCUSSION
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A zhalZR(LGP)OA F52 A% X 71 edA B3
3171 (VEMT)l o3 ALY AF EX Alo]e] nlw

2 <%

Pohpol = WA E(GKRS)S] & AR RS A8 4BS 98 712 2otk WA &
AgE ZFaaoh A gk AR A 2 AR Ve A o w A Eojof st WAMAE 54 B
Aok A e WS gohel T ALl MAT 4 4l RE 99 2918 Fol7] A4
v A8 A=Y QA) Z2 o] dasith 2 Ao SHA AT 2213 7 B A 2y
< (Variable Ellipsoid Modeling Technique: VEMT)S A -&3| 4] ZHotyo] 2 X578 Al 28] @Al 7hulZ 3 9
Srae|Zo) ALgE T AF A HEO JIYL Aok grtbolE A HPE FEE 47 160
mme] 73 ABC WElol ZAG B Ake] A REE BTk ©e sbel AL ABC WH ] FHO

oA sted x,y 2z F& Wl 4,8 2 16 mm 7] 2] AlE7] wiX] 7 ] H Aok fupuo] X AR &
N AFEE = Aebo] i wHAd X F5AE A~ @A el d(LGP) WA 10.1.10] AFE-E Sl VEM
TO #AS5S Sl ool WAL SE] AFAHL w7l 2 Aolth, g VEMT A% F fojjo] =
WA ] 84 4Ed S EUE ) Ao HFTH o= Fau|ofof sttt 53] FAte] W) 4
7 160mme] T o= AlEHolHE A 50% AT o] o Ynl, = HdWgkZFWHM)o] A
EFAT. VEMTE 53l d&5H x,y, z 9 A% x4 &3k & HolH= 4 mm 2 8 mm Al57] vl X
o el z &S wet HoivkztE s Y15 (PENUMBRA) Q] 7o) xlo]l HS Al &letars AL WS 5
0%l 4] 1 mm o]W)oll A LGPS] A& B} &5t A8 HAuigiZe] A BEdA & ZE AlF7]
WX oll A 2.3% vwkol it} ¥t Ee HY ELXE 2 S Wl 8§ mm A7) tElA 0.07 mmE TR
th. VEMTS} LGPE 92 AeF ExolA HuwbghEa wige] Ao)& fhnpubo] X WA g A A7
A fFoAde Fosylods Ui Zouth o] At Ay A MA Avpuo]l Z WAMA SEo] By o] st
B gaE Qe Fau Auw 289 S gloge Alndn webA -2 LGP AxEd did 58 A
A HSWH VEMTE X338h= A7) owgn] =

Fo FaAdS Felsta ghuho] X A& 3
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