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Effects of respiratory motion on the dosimetry of Sliding Window intensity-modulated radiotherapy

MU Jinming, TIAN Yuan, DAI Jianrong
National Cancer Center/National Clinial Research Canter for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and

Peking Union Medical College, Beijing 100021, China

Abstract: Objective To study the dosimetric effects of respiratory motion in Sliding Window intensity-modulated radiotherapy.
Methods The dose distributions with different motion modes, field widths and velocities of multileaf collimators were obtained
and compared using EBT2 films driven by respiratory phantom (Quasar). The effects of motion modes, field widths and velocities
of multileaf collimators on the dose distribution were analyzed. Results The effects of different motion modes on the dose
distribution was significantly different. With the increase of leaf velocity, the dose fluctuation amplitude was obviously increased,
and with the increase of the field width, the dose fluctuation amplitude was decreased. The large field width with high leaf velocity
had the most significant effects on the dose distribution. Conclusion With the influence of respiratory motion, the effects of
respiratory motion on the dose distribution can be reduced by increasing the field width and (or) decreasing the leaf velocity.
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Fig.1 Experimental device and setup
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Tab.1 Design parameters of narrow—beam fields

Field ID G/mm V/mm-s' TL/mm TT/s PD/cGy M MT/s MU

05-05 5.00 5.00 23.33 4.67 10.00 15.00 70.00 700.00
05-10 5.00 10.00 41.67 4.17 5.00 30.00 125.00  1250.00
05-15 5.00 15.00 60.00 4.00 3.33 45.00 180.00 1 800.00
05-20 5.00 20.00 78.33 3.92 2.50 60.00  235.00  2350.00
10-05 10.00 5.00 28.33 5.67 20.00 7.50 42.50 425.00
10-10 10.00 10.00 46.67 4.67 10.00 15.00 70.00 700.00
10-15 10.00 15.00 65.00 433 6.67 22.50 97.50 975.00
10-20 10.00 20.00 83.33 4.17 5.00 30.00 125.00  1250.00
15-05 15.00 5.00 3333 6.67 30.00 5.00 33.33 333.33
15-10 15.00 10.00 51.67 5.17 15.00 10.00 51.67 516.67
15-15 15.00 15.00 70.00 4.67 10.00 15.00 70.00 700.00
15-20 15.00 20.00 88.33 4.42 7.50 20.00 88.33 883.33
20-05 20.00 5.00 38.33 7.67 40.00 3.75 28.75 287.50
20-10 20.00 10.00 56.67 5.67 20.00 7.50 42.50 425.00
20-15 20.00 15.00 75.00 5.00 13.33 11.25 56.25 562.50
20-20 20.00 20.00 93.33 4.67 10.00 15.00 70.00 700.00

G: Field width; V: Leaf velocity; TL: The sweeping distance of MLC leaves; TT: Total time of irradiation; PD: Predicted dose; M: Multiple;

MT: Total time after multiplication; MU: Monitor unit
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Fig.2 Respiration curves simulated by Quasar

14 FIER MM RES LIE

1m0 2% B8 5B UL & Quasar 3R 8- &,
32 HE ST B 6 I 9 3K B0 SO RIS s 5
Quasar IR BN 5, 58 A G EF A9 o5 8 R ) BE g
(Profile & ) o IFXT I AT K BE R g b o TR
RRasE e, ff H Medi-6000 25 FH #0O6e F 1 AY
34, 9T 16 bits KB, 733K 600 dpi

TR PR Profile i 0o — A4l s % —
A B2 R — A B BT BB R R o A i Gkt
I ANE B A IR AL, S A 30 IV 7 B [T, £ B
TR A 2R REE , ARl 3 R .

Direction of MLC leaves motion«

y A 4 v \ 4

\4 v :
| | RN | |
o A A A A 4 .

‘ Calculate the average value for each column« ‘

g gl By

B3 BRATIEHRATES %R EE

Fig.3 Illustration of converting film dose distribution to profile
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Tab.2 Analysis results of narrow—beam field dose profiles
Field ID Mode C Mode A Mode B
(G-V) IR/mm  Dc/cGy IR/mm  AIR/% RD.ud/% RDwi/% IR/mm  AIR/% RD.ww/%  RDui/%
05-05 26.7 149.1 38.5 44.4 92.34 37.76 29.7 11.4 196.71 27.78
05-10 459 162.3 58.8 28.1 90.26 52.21 45.7 -0.4 249.57 24.43
05-15 64.9 166.8 75.5 16.2 117.83 51.69 65.6 1.0 279.14 28.42
05-20 83.7 180.5 95.5 14.1 187.55 66.23 86.7 3.6 309.75 37.11
10-05 273 141.5 41.1 50.4 85.59 33.67 26.9 -1.4 163.25 30.18
10-10 46.0 152.0 61.0 32.6 89.52 48.08 45.2 -1.7 226.89 22.28
10-15 64.8 151.9 77.3 19.3 106.62 50.88 65.1 0.5 227.16 27.63
10-20 84.5 167.4 97.6 15.5 159.54 66.37 86.7 2.7 240.56 35.21
15-05 27.4 137.2 39.7 44.8 87.38 25.88 28.7 4.5 141.05 25.07
15-10 46.2 146.3 63.0 36.2 96.78 64.97 44.5 -3.9 195.48 22.17
15-15 65.3 151.4 80.6 23.4 101.31 56.87 65.1 -0.3 202.74 28.91
15-20 84.4 164.8 100.0 18.5 134.37 61.72 85.9 1.7 211.04 42.22
20-05 26.6 126.8 37.8 42.0 98.01 24.80 28.0 5.2 13591 24.90
20-10 46.2 147.6 61.6 33.1 91.77 67.23 44.1 -4.7 164.07 26.88
20-15 65.0 159.1 76.0 16.9 89.16 47.59 60.4 -7.2 152.23 11.45
20-20 84.5 167.3 98.3 16.3 121.31 58.10 83.2 -1.5 181.14 30.82
Mean - - - 28.24 109.33 49.93 - 0.61 204.79 27.53
SD - - - 12.38 29.03 13.49 - 4.41 49.35 6.96
P value - - - <0.001 0.218 <0.001 - 0.590 <0.001 <0.001

IR: Irradiation range; Dc: Center point dose; AIR: Amplification of IR; RD,.: The ratio of the maximum dose to the Dc; RDyin: The ratio of

the minimum dose to the Dc; SD: Standard deviation
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