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ABSTRACT

The central goal of Gamma Knife radiosurgery(GKRS) is to maximize the conformity of the prescription
isodose surface, and to minimize the radiation effect of the normal tissue surrounding the target volume. There
are the various kinds of indices related with the quality of treatment plans such as conformity index, coverage,
selectivity, beam-on time, gradient index(GI), and conformity/gradient index(CGI). As the best treatment plan
evaluation tool, we must check by all means conformity index, GI, and CGI among them. Specially, GI and CGI
related with complication of healthy normal tissue is more indispensible than conformity index. Then author
calculated and statistically analysed CGI, the newly defined conformity/gradient index as well as GI being applied
widely using the treatment planning system Leksell GammaPlan(LGP) and the verification method Variable
Ellipsoid Modeling Technique(VEMT). In the study 10 patients with intracranial lesion treated by GKRS were
included. Author computed the indices from LGP and VEMT requiring only four parameters: the prescribed
isodose volume, the volume with dose > 30%, the target volume, and the volume of half the prescription isodose.
All data were analyzed by paired t-test, which is statistical method used to compare two different measurement
techniques. No statistical significance in GI at 10 cases was observed between LGP and VEMT. Differences in
GI ranged from -0.14 to 0.01. The newly defined gradient index calculated by two methods LGP and VEMT was
not statistically significant either. Author did not find out the statistical difference for the prescribed isodose
volume between LGP and VEMT. CGI as the evaluation index for determining the best treatment plan is not
significant statistically also. Differences in CGI ranged from —4 to 3. Similarly newly defined Conformity/Gradient
index for GKRS was also estimated as the metric for the evaluation of the treatment plans through statistical
analysis. Statistical analyses demonstrated that VEMT was in excellent agreement with LGP when considering GI,
new gradient index, CGI, and new CGI for evaluating the best plans of GKRS. Due to the application of the fast
and easy evaluation tool through LGP and VEMT author hopes CGI and newly defined CGI as well as gradient
indices will be widely used.

Keyword: Gamma Knife Radiosurgery(GKRS), Gradient index(GI), Conformity/Gradient index(CGI), Leksell GammaPlan
(LGP), Variable Ellipsoid Modeling Technique(VEMT)
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I. INTRODUCTION
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Table 1. Comparison of various indices for examples of treatment plans.

Plans Parameters Clg CI,

C

s | car, | caGr, | caGr | cGr, | car | CGly

Vy=10cc,

VN Vp=10cc,
V= 20cc,

R F50%Re — 2.29,

Ry pe =168

€,

2.0 0.5

0.5 50 50 69 105 59.5 71.5

V= 10cc,

VN Vp=6ee,
Vp=6cc,

R s00me = 153,
R p, =113

(&

0.6 0.6

0.6

1 166.7 60 90 126 128.4 93

V= 10cc,
VN Vp=38ecc,
Vp=10cc, 1
Reff,SO%RI =1381,
Ryt =134

e

0.64

0.8

0.8 100 64 83 119 91.5 91.5

V= 10cc,
VN Vp=6ec,
Vp=10cc, |
Repp 509 me = 181,
R g =134

e

0.36

0.6

0.6 100 36 83 119 91.5 71.5

V= 10cc,
VN Vp=10cc,
Vp=10cc, 1 1

R fr 5000, =181,
Ry p =134

€,

1 100 100 83 119 91.5 109.5

CGly,, CGly, CGIy: Conformity score, Gradient score and Conformity/Gradient index defined by author newly.
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Gamma Knife Clinic Patient:

Physics Protocol Patient ID:
i Diagnosis

Treatment Date:

Operator:

Gamma Knife Data

Calibration dose 3.881 Gy/min at Oc

Current ¢ (2006—04-19)
Collimater factors (4,8,14.18)

Linear a

uation coefficient [ 1/mm)
Source 1o Focus Distance [mm]

Treatment Dose Data
M Jose [%] (Before

Maximum dose [

normalization)

Maximum dose [%] (After normal
A:Matrix:Number of m:

ion)
x points with dose > 30%

r relative dose

or for absolute dose [Gy]
Total treatment ime [min

Fig. 1. DVH and volume measurement tools are used
on LGP to obtain the Plan related indices, Gamma
Knife Clinic Physics Protocol for the Leksell Gamma
Knife B, Leksell GammaPlan 5.34.
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Table 2. Clinical case data for 10 patients and comparison of Prescription isodose volume calculated from LGP and
VEMT.

Case Lesion rescription dose(Gy) Visarmm®)  Viymamm®) Vv Vasan) Vsar®)
A Melanoma 40/50 89.6 91 1.5
B AVM 22/50 689.9 595.5 -13.6
C Metastasis 20/50 7920 7980 0.7
D Metastasis 20/50 594.9 602.7 1.3
E Metastasis 20/50 835 843 0.9
F AVM 19/50 818.8 851.9 4.0
G Metastasis 23/50 864.6 883 2.1
H Metastasis 23/50 1900 1940 2.1
I Scﬁvcv‘;‘r‘;%‘;na 14/50 806.9 833.5 32
J gj‘r‘l’gg;f 12/50 1840 1770 3.8
Mean+SD 1635.9+£2274.5 1639+2293.6 -0.16+5.16

*p=0.845, VRLGP VP. VEMT * Prescription isodose volumes calculated from LGP and VEMT, SD: Standard Deviation
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Table 3. Comparison of Gradient indices calculated
from parameters of LGP, VEMT.

Table 4. Comparison of the new Gradient indices
calculated from parameters of LGP, VEMT.

Case Clygyr GClygp Clygyr— Gl Case Gly veur GIN, LGP Gly v — G,

A 2.73 2.60 0.13 A 2.11 2.09 0.02
B 2.59 2.64 -0.05 B 2.04 2.13 -0.09
C 2.63 2.58 0.05 C 2.08 2.06 0.02
D 2.63 2.62 0.01 D 2.05 2.05 0

E 2.92 2.90 0.02 E 2.30 2.31 -0.01
F 2.89 3.02 -0.13 F 2.25 2.31 -0.06
G 3.24 3.25 -0.01 G 2.55 2.56 -0.01
H 2.31 2.26 0.05 H 1.94 1.92 0.02
I 2.95 2.94 0.01 I 2.26 225 0.01
J 3.25 3.11 0.14 J 2.51 242 0.09

Mean+SD 2.81+0.29 2.79+0.30 0.02+0.08 Mean+SD 2.20+0.20 2.21£0.19 -0.00+0.05

*p=0.404, GII/’E.\IT: Gradient index of VEMT, G]/.G/’ : Gradient index of LGP.

*p=0.950, Gy vy Gly pop Newly defined Gradient indices.

Table 5. Comparison of CGI(Conformity/Gradient index) calculated from parameters of LGP, VEMT.

Case CG](-. VEMT 0G]g. VEMT CG[(,-,LGP CG[g,L(:P e VEMT CG[L GP CGI VEMT CG[L apP
A 98 119 104 120 108.5 112 -3.5
103 110 98 109 106.5 103.5 3.0
C 100 83 101 84 91.5 92.5 -1.0
D 101 110 103 110 105.5 106.5 -1.0
E 101 105 98 106 103 102 1.0
F 100 105 102 104 102.5 103 -0.5
G 101 101 98 101 101 99.5 1.5
H 104 105 99 106 104.5 102.5 2.0
I 101 104 101 105 102.5 103 -0.5
J 95 94 102 95 94.5 98.5 -4.0

Mean+SD 100.4+2.5 103.6+9.7 100.6+2.2 104.0+9.5 102.0+5.3 102.3£5.1 -0.3£2.3
*p=0.685

Table 6. Comparison of Newly defined CGI(Conformity/Gradient index) calculated from parameters of LGP,

VEMT.
Case CCly.vpr  CGlyveyr  CGly.ap CGly,p  COlLuypyr  CGlyuer  CGlyymp— CGlysap

A 86.49 154.72 84.64 155.79 120.60 120.21 0.39

82.81 146.52 81 145.07 114.66 113.03 1.63
C 84.64 118.84 88.36 120.06 101.74 104.21 -2.47
D 86.49 146.06 90.25 146.08 116.27 118.16 -1.89
E 81 140.90 79.21 141.24 110.95 110.22 0.72
F 82.81 141.02 84.64 140.20 111.91 112.42 -0.50
G 86.49 137.49 84.64 137.45 111.99 111.04 0.94
H 81 141.10 82.81 142.03 111.05 112.42 -1.37
1 88.36 140.66 86.49 141.11 114.51 113.8 0.71
J 86.49 129.90 90.25 131.07 108.19 110.66 -2.46

Mean+SD 84.66+2.60 139.72+9.75 85.23+£3.69 140.01+9.44 112.19+5.02 112.62+4.38 -0.43+1.52
*p=0.394
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Table 7. Summary of results.

Factor VEMT(Mean+SD) LGP(Mean+SD) p Value
Vp 1.64+2.29 1.64+2.27 0.845
GI 2.81+0.29 2.79+0.30 0.404

Gy 2.20+0.20 2.21+0.19 0.950
CcGI 102.0+5.3 102.3+5.1 0.685
CGIy 112.19+5.02 112.62+4.38 0.394

Iv. CONCLUSION & DISCUSSION
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Ul QA AW S A, A A7 30% o A, ¥ AA, A SAF Al AA s 7HA
3L LGP9 VEMTE ©] &34 AxE AT BE dolH = 7 7H4 & S47IH-S vt AR5
= A4 W2l Paired t-test® 4 F T} 10‘344 Atdlol Al LGP9}F VEMT Afolel GIo] BA14 #2o4 S
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