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Effects of respiratory baseline fluctuations on performance of breathing predictive filter in

respiration-gated radiotherapy

ZHENG Jiajun, SUN Li, WANG Qi, MU Zhongde, ZHAI Zhenyu
Department of Medical Physics and Technology, Jiangsu Cancer Hospital/Jiangsu Institute of Cancer Research/the Affiliated Cancer
Hospital of Nanjing Medical University, Nanjing 210000, China

Abstract: Objective To evaluate the effect of baseline fluctuations of patient's breathing on the performance of breathing
predictive filter in respiration-gated radiotherapy based on Varian real-time position management (RPM) system. Methods
The reference respiratory waveforms and residual motions of 20 cases of RPM phase-based respiration-gated radiotherapy
were analyzed, as well as the respiratory waveforms and residual motions in a total of 146 treatments. (1) After Savitsky-
Golay smoothing, peak detection and abnormal point elimination for the respiratory waveforms (including reference and
treatment), the respiratory baseline was obtained. Standard deviation was calculated as an index to measure the strength of
baseline fluctuations, and the relative deviation of baseline fluctuations relative to the reference baseline fluctuations during
each treatment was calculated. (2) The standard deviation of residual motions (including reference and treatment) was used as
an indicator to measure the strength of residual motion, and the relative deviation of residual motion relative to the reference
residual motion during each treatment was calculated. (3) Pearson correlation analyses on the baseline fluctuation deviations
and residual motion deviations were carried out. Results The minimum and maximum values of the deviations of respiratory
baseline fluctuations in 146 treatments were -61.0%, 752.3%, and the quartiles were 42.8%, 90.3%, 161.7%. For the
deviations of residual motions, the minimum and maximum values were -74.8%, 174.0%, and the quartiles were -7.8%,

15.1%, 48.8%. The correlation coefficient between residual motion deviations and baseline fluctuation deviations was 0.544,
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and the P value was much less than 0.01, indicating statistical significance. The linear fitting coefficient was 0.2. Conclusion

Under the current technical conditions of RPM phase-based respiration-gated technology, the actual residual motion

deviation of the patient during treatment is significantly linearly related to the baseline respiratory fluctuation deviation.

Every 100% baseline fluctuation deviation can lead to an average of 20% residual motion deviation. Therefore, an effective

quality control program needs to be formulated in clinic for avoiding respiratory baseline deviations during treatment.

Keywords: real-time position management; phase-based respiration gating; breathing predictive filter; respiratory baseline;

baseline fluctuation; residual motion
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Table 1 General information of 20 patients treated by RPM phase—based respiration—gated radiotherapy
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Figure 1 Reference respiratory waveforms (black) and baseline
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fluctuations (red) in case 12 (a) and their respiratory waveforms

(black) and baseline fluctuations (red) in the first 4 treatments (b—e)
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Figure 2 Reference respiratory waveforms and residual motions in
case 2 (a) and the respiratory waveforms and residual motions in the

first treatment (b)
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Figure 3 Box plots of baseline fluctuations deviations (a), residual

motion deviations (b) and duty cycle deviations (c)
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Figure 4 Scatter plots of residual respiratory deviations and baseline fluctuations deviations (a), duty cycle

deviations and baseline fluctuations deviations (b)
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