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Purpose: Lung tumor motion is due mainly to respiration. Tumor tracking during radiotherapyrequires prediction of the tumor
motion to compensatesystem lag time. Complexity andinstability of a patient’sbreathingwill influence its predictability. We have
characterized the stability and predictability of the breathingpatternsof lung radiotherapypatients by analyzingthe time-dependent
behavior of theautocorrelation of thepatient’s breathing motion.

Method and Materials: Breathing motion data were obtainedfrom the CyberKnife Synchrony @ respiratory tracking systemat
Georgetown University Medical Center. Nine freely breathing lung cancer patientswere arbitrarily selected for this study. The
patients showeda wide range of breathing behavior. Respiratory motion of the chestsurfacewasrecordedfor up to sixty minutes
during treatment. For eachbreathinghistory the autocorrelation coefficient versusdelay time was computed in a window of 55
seconds. Thedecayof theaverageautocorrelation coefficientovertime wascomputedat varioustimesin thebreathingsignalhistory
by moving thewindow. This measuredtheinstability of thebreathingpatternovertime.

Results: The breathing patterns of all nine patients had averageautocorrelation coefficientsthat decayed over time, indicating the
breathing was non-stationary. The rate of decayof the autocorrelation rangedwidely for the patients. The predictability of each
patient’s breathing,asmeasured in a prior analysis using signalprediction algorithms, washighly correlatedwith the stability of the
breathing pattern,asmeasuredby its autocorrelation.

Conclusion: Theautocorrelationof a patient’s breathing andits decayover time cancharacterizebreathinginstability. This makesit
possible to comparetheresults of motion prediction, control and adaptation algorithms thathavebeentestedon a varietyof breathing
data.


