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Abstract

Since Gamma Knife® radiosurgery(GKRS) is based on a single-fraction high dose treatment strategy,
independent verification for the results of Leksell GammaPlan® (LGP) is an important procedure in assuring
patient safety and minimizing the risk of treatment errors. Several verification methods have been developed and
reported previously. Thus these methods were tested statistically and tried on Leksell Gamma Knife(LGK) target
treatments through the embodiment of the previously proposed algorithms(PPA). The purpose of this study was to
apply and evaluate the accuracy of verification methods for LGK target treatments using PPA. In the study 10
patients with intracranial lesion treated by GKRS were included. We compared the data from PPA and LGP in
terms of maximum dose, arbitrary point dose, and treatment time at the isocenter locations. All data were
analyzed by Paired t-test, which is statistical method used to compare two different measurement techniques. No
statistical significance in maximal dose at 10 cases was observed between PPA and LGP. Differences in average
maximal dose ranged from —0.53 Gy to 3.71 Gy. The arbitrary point dose calculated by PPA and LGP was not
statistically significant too. But we found out the statistical difference with p=0.021 between TMR and LGP for
treatment time at the isocenter locations. PPA can be incorporated as part of a routine quality assurance(QA)
procedure to minimize the chance of a wrong overdose. Statistical analyses demonstrated that PPA was in
excellent agreement with LGP when considering the maximal dose and the arbitrary point dose for the best plan
of GKRS. Due to the easy applicability we hope PPA can be widely used.

Keyword : Gamma Knife radiosurgery(GKRS), Leksell GammaPlan(LGP), Variable Ellipsoid Modeling Technique(VEMT)
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Fig. 1. Skull Scaling Instrument.

Table 1. Skull Scaling Instrument setup

Layer Interval degree azimuth angle(6)
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Table 2. Clinical case data for 10 patients

Prescription dose(Gy)/

Patient Lesion No of isocenters Prescription isodose(%)
A Craniopharyngioma 14 16 /50
B Trigeminal Neuralgia 1 80/100
C Metastasis(S) 11 20/50
D AVM 4 22/50
E Acoustic Schwannoma 5 13/50
F Melanoma 1 40/50
G Meningioma 10 13.5/50
H Metastasis(M) 4 20/50
I Meningioma 6 16/50
J Metastasis(M) 18 20/50

Table 3. Comparison of the maximum dose calculated from ADM(1), ADM(2), SAM, VEMT, LGP

. Maximum dose DA/)\/(]J_DL(;F Dwil),\l(?)_DL(}I‘ Dm.u_D/_c/l DIV'.‘:‘JI'I‘_DL(,'I’
Patient  D,py0)  Dapae Dynr Dypyr Dyep points Dyop Dyop Dyor Dyor

A 2.1 202 214 203 201 [979, 1074, 11L.7] 0.0995 0.0050 0.0647 0.0100

B 85.9 82.7 80.5 805  80.0 (3.0 (1)?0-3> 0.0738 0.0338 0.0063 0.0063

c 447 412 420 412 400  [106.1, 69.2, 118.4] 0.1175 0.0300 0.0500 0.0300

D 479 427 390 471 440  [64.6, 109.1, 83.1] 0.0886 -0.0295 -0.1114 0.0704

E 27.3 258 236 262 260  [82.9, 94.6, 120.8] 0.0500 -0.0077 -0.0923 0.0077

F 717 569 573 696  80.0 (oo, 58-1’ -0.1038 -0.2888 -0.2838 -0.1300

G 292 269 294 263 270  [92.7, 927, 119.5] 0.0815 -0.0037 0.0889 -0.0259

H 38.1 348 352 408 399  [109.5, 103.9, 63.9] -0.0451 -0.1278 -0.1178 0.0226

1 27.1 256 278 269 320  [86.3, 488, 132.8] -0.1531 -0.2000 0.1313 -0.1594

J 403 35.1 368 399 400  [85.6, 108.8, 73.0] 0.0075 -0.1225 -0.0800 -0.0025
Meant | 434+ | 3919+ | 393+ | 418+ | 429+ 0.02240.093  -0.071£0.109  -0.061+0.114 -0.01720.072

SD 20.67 18.66 17.79 19.64 20.97

ADM(1): p=0.714, ADM(2): p=0.149, SAM: p=0.154, VEMT: p=0.429

Table 4. Comparison of the dose calculated from ADM(1), ADM(2), SAM, VEMT, LGP at the arbitrary points other
than the maximum dose points

. Arbit d Dipu) = Dre Dypye) ™ Prer DPsanr— Die Dyevr—Die
Patient DA DM(1) DA/).|I(2) DSA M DVF_AI'I' DLGI' " lpr(?irr?l,ts 08¢ 401271“”1 — “”gL)GP ek HBLGP“P IElg;UP LEF
A 201 193 206 192 19.1 [98-101’11(?]70’ 0.1047 0.0105 0.0785 0.0052
B 859 828 808 810 786 (33 ;(])0'37 0.0929 0.0534 0.0280 0.0305
C 209 276 335 306 303  [97.6, 69.5, 113.6] -0.0132 -0.0891 0.1056 0.0099

326 200 230 307 285  [65.6, 114.1, 83.5] 0.1439 0.0211 -0.1930 0.0772
E 190 179 159 184 179  [82.6, 92.0, 120.4] 0.0615 0.0000 01117 0.0279
F 587 466 502 570 673 (oL.7, 11?6'3’ -0.1278 -0.3076 -0.2541 -0.1530
G 154 142 207 184 180  [82.0, 92.0, 113.7] -0.1444 02111 0.1500 0.0222
H 332 303 275 335 329 (1060, 01102-3’ 0.0091 -0.0790 -0.1641 0.0182
I 179 169 226 190 188  [86.0, 50.0, 130.0] -0.0479 -0.1011 0.2021 0.0106
J 288 250 227 287 290  [767, 1104, 58.9] -0.0069 -0.1379 02172 -0.0103
Mean 342+ 997 317: 336: 340+
Mean  342e 04 1T 336 30 0.007+0.096  -0.084+0.113  -0.038+0.169 0.004£0.060
: 0 . . )

ADM(1): p=0.877, ADM(2): p=0.179, SAM: p=0.295, VEMT: p=0.739
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Table 5. Comparison of the treatment time calculated from TMR, LGP at the isocenter locations

Tryp— Trep

Patients Typsp (min) T, cp(min) Isocenters
Tiep
A-1 8.0 8.1 [92.0, 105.5, 86.0] -0.0123
A-2 11.4 11.8 [102.0, 101.0, 93.0] -0.0339
A-3 11.4 11.8 [93.5, 107.0, 92.0] -0.0339
A-4 10.5 10.7 [93.5, 100.0, 82.0] -0.0187
A-5 9.6 10.1 [96.5, 95.0, 93.0] -0.0495
A-6 9.6 9.8 [89.0, 109.5, 86.0] -0.0204
A-7 8.7 9.1 [99.5, 98.5, 91.5] -0.0440
A-8 8.7 9.0 [102.5, 98.5, 89.5] -0.0333
A-9 8.7 9.0 [92.5, 101.5, 89.0] -0.0333
A-10 8.7 9.0 [93.5, 98.5, 86.0] -0.0333
A-11 8.7 8.8 [94.5, 106.5, 82.0] -0.0114
A-12 7.0 7.3 [98.0, 94.0, 90.5] -0.0411
A-13 8.2 8.9 [98.0, 107.5, 113.0] -0.0787
A-14 8.2 8.8 [97.5, 107.5, 110.0] -0.0682
B-1 36.3 393 [115.3, 100.3, 106.2] -0.0763
C-1 6.5 6.6 [96.0, 68.5, 110.0] -0.0152
C-2 6.5 6.6 [110.0, 70.0, 112.5] -0.0152
C-3 6.5 6.5 [102.5, 69.0, 124.5] 0.0000
C-4 8.0 8.3 [103.0, 73.5, 104.0] -0.0361
C-5 6.7 6.9 [100.5, 77.0, 110.5] -0.0290
C-6 6.7 6.9 [100.0, 76.5, 118.0] -0.0290
C-7 6.7 6.7 [95.0, 67.0, 119.5] 0.0000
C-8 6.7 6.6 [103.0, 61.5, 115.0] 0.0152
C-9 4.7 4.7 [104.0, 65.0, 106.0] 0.0000
C-10 33 34 [109.5, 68.5, 119.5] -0.0294
C-11 2.7 2.7 [102.0, 70.0, 123.5] 0.0000
D-1 10.6 9.9 [63.5, 110.5, 85.0] 0.0707
D-2 10.6 9.9 [65.0, 107.0, 81.5] 0.0707
D-3 5.8 5.5 [68.5, 105.0, 82.0] 0.0545
D-4 3.5 33 [65.5, 114.0, 85.0] 0.0606
E-1 6.8 7.2 [83.5, 93.0, 120.5] -0.0556
E-2 6.8 7.2 [82.0, 96.5, 120.5] -0.0556
E-3 34 3.6 [86.5, 93.0, 122.0] -0.0556
E-4 34 3.6 [85.5, 93.0, 123.5] -0.0556
E-5 34 3.6 [83.5, 99.5, 120.5] -0.0556
F-1 26.0 19.3 [102.0, 158.0, 127.5] 0.3472
G-1 7.0 7.5 [99.0, 101.0, 109.0] -0.0667
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G-2 7.0 7.4 [92.5, 98.0, 110.5] -0.0541
G-3 7.0 7.4 [96.5, 97.5, 119.0] -0.0541
G-4 7.0 7.3 [84.0, 91.5, 107.5] -0.0411
G-5 7.0 7.3 [88.5, 91.5, 120.0] -0.0411
G-6 7.0 7.3 [83.5, 91.0, 113.0] -0.0411
G-7 49 5.2 [92.5, 96.5, 104.5] -0.0577
G-8 7.7 8.1 [94.0, 92.5, 120.0] -0.0494
G-9 4.6 49 [90.5, 89.0, 109.0] -0.0612
G-10 3.8 4.1 [90.0, 91.0, 113.5] -0.0732
H-1 25.3 23.5 [109.5, 104.0, 64.0] 0.0766
H-2 14.2 12.7 [59.5, 90.5, 73.0] 0.1181
H-3 12.9 11.8 [57.5, 91.5, 81.0] 0.0932
H-4 7.8 7.1 [60.5, 91.5, 78.5] 0.0986
I-1 20.2 19.3 [91.0, 56.0, 121.5] 0.0466
1-2 11.5 10.7 [87.5, 50.5, 129.5] 0.0748
1-3 11.5 10.6 [84.0, 47.5, 135.5] 0.0849
1-4 11.0 10.0 [97.5, 44.0, 138.0] 0.1000
I-5 9.2 8.2 [105.5, 43.5, 139.0] 0.1220
1-6 9.2 8.1 [103.5, 41.5, 133.0] 0.1358
J-1 11.5 11.6 [85.0, 107.5, 80.0] -0.0086
J-2 11.5 11.3 [87.5, 109.0, 66.5] 0.0177
J-3 11.5 11.1 [67.5, 108.0, 70.5] 0.0360
J-4 11.5 11.0 [79.5, 125.5, 70.5] 0.0455
J-5 11.5 10.9 [73.5, 101.0, 59.0] 0.0550
J-6 11.5 10.7 [77.5, 118.5, 57.5] 0.0748
J-7 9.2 9.1 [71.0, 118.0, 80.0] 0.0110
J-8 5.7 5.7 [75.0, 98.0, 70.5] 0.0000
J-9 3.6 33 [64.5, 109.5, 58.5] 0.0909
J-10 11.9 10.6 [128.5, 135.5, 68.0] 0.1226
J-11 9.9 9.1 [131.5, 137.0, 80.5] 0.0879
J-12 11.0 9.0 [129.0, 154.0, 68.0] 0.2222
J-13 9.9 8.6 [130.0, 151.5, 81.5] 0.1512
J-14 9.9 8.5 [141.0, 147.5, 80.5] 0.1647
J-15 9.9 8.2 [142.0, 145.0, 68.0] 0.2073
J-16 10.2 8.3 [136.0, 147.5, 61.0] 0.2289
J-17 3.1 2.6 [125.0, 158.0, 74.5] 0.1923
J-18 26.0 21.6 [126.0, 18.0, 100.0] 0.2037
Mean+SD 9.38+5.59 9.06+5.25 0.026+0.089
TMR: p=0.021
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