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Effects of collimator angle on volumetric modulated arc therapy plans for two brain metastases
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Abstract: Objective To investigate the effects of multileaf collimator angle on the dosimetric parameters and monitor units (MU)
of volumetric modulated arc therapy (VMAT) for patients with two intracranial metastases. Methods The CT images of 10 patients
receiving radiotherapy for two intracranial metastases were selected in this study. When the collimator angle remained at zero
degree, and the collimator was adjusted to reduce radiation dose to brain tissue in every arc (collimator angle was nonzero degree),
VMAT plans were designed for various collimators without changing any optimization parameters. The conformity index, gradient
index (GI), homogeneity index (HI), MU, and dose to organs-at-risk and normal tissues around target areas were calculated and
analyzed. Results Target conformity index was similar in VMAT plans with collimator angle of zero degree and nonzero degree
(==1.084, P=0.32), but VMAT plans with collimator angle of nonzero degree had lower GI and HI, with statistical significance
(GL: £=3.415, P=0.014; HI: =3.455, P=0.014). Compared with VMAT plans with collimator angle of zero degree, VMAT plans
with collimator angle of nonzero degree had smaller volume of normal tissues receiving 2 and 4 Gy (P=0.018, P=0.045), but
similar volume of normal tissues receiving 6, 12 and 16 Gy (P>0.05). No statistical differences were found in the maximum dose
to organs-at-risk between two plans. Moreover, the comparison between two plans showed that MU was reduced by 282 MU
in VMAT plans with collimator angle of nonzero degree. Conclusion The optimal selection of collimator angle in VMAT plans
for two brain metastases not only improves GI and dose coverage, but also reduces doses in low dose areas and MU.
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Tab.1 Comparison of target dose parameters (Mean+SD)

Collimator angle

Collimator angle
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CI: Conformity index; GI: Gradient index; HI: Homogeneity index
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Fig.1 Boxplots of CI, GI, and HI with collimator angle of zero degree and nonzero degree
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Tab.3 Comparison of the volume of low dose areas in different
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Tab.2 Comparison of organs—at-risk dose (Mean+SD)

. Collimator angle of Collimator angle of
Organs-at-risk P value

VMAT plans for 10 patients with two brain metastases (Mean+SD)
zero degree/cGy  nonzero degree/cGy

Brainstem

462.63+254.45

459.07+249.21

>0.05

Collimator angle of

Collimator degree of

Dose/Gy P value

Optic nerve-L 82.13+146.09 83.77£167.23  >0.05 zero degree/om’ onzetoldegrec/cint

Optic nerve-R ~ 200.97+368.87 178314309.92  >0.05 2 873.20+602.26 803.30+546.48 0.018
Chiasm 90.80+171.55 83.83+161.38 >0.05 4 472.91+394.99 410.60+322.19 0.045
Eye-L 78.21+111.17 68.43+110.60  >0.05 6 297.93+276.47 267.03+254.56 0.063
Eye-R 74.03+127.73 6536+12625  >0.05 12 139.57+138.91 125.87+127.74 0.063
Len-L 24.79+38.01 28.66+52.87 >0.05 16 54.61462.98 52.19460.44 0.063
Len-R 34.89+70.55 31.30+64.75 >0.05
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VMAT: Volumetric modulated arc therapy
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Tab.4 Comparison of gamma passing rates of different VMAT

plans for 10 patients with two metastases (Mean+SD)

Collimator angle Gamma passing rate/% P value
(0°,30°) 99.60+0.62, 99.20+0.34 >0.05
(0°, 60°) 99.19+1.11, 90.90+1.02 >0.05
(0°,90°) 99.32+0.85, 99.24+0.37 >0.05
(0°, 330°) 99.23+0.96, 99.12+0.81 >0.05
(0°,300°) 99.28+1.02, 99.29+1.10 >0.05
(0°,270°) 99.46+0.71, 99.25+0.48 >0.05
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