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Purpose: To evaluatesignalsfrom a real-time respiratory tracking system in order to
estimate the uncertainty of the prediction algorithm used to compensatefor system
latency andto proposepossiblemodifications of theplanningandtrackingstrategy.
Method and Mater ials: Respiratory signals of 53 patients who had lung or liver
treatments by means of the Cyberknife robotic radiosurgery system were analyzed.
Treatmentswereperformedby meansof theSynchronymotiontrackingsystem, basedon
the correlation between position and velocity of external infrared markers and the
correspondingquantities of internal markersrandomly imagedthroughout the treatment.
Patients wereneithertrained nor asked to breathregularly. Theexternal markerdatawere
collected for all patients. Respiratory signalswere characterizedby meansof a metric
based on the frequency power spectrum, as recently proposed by other authors.
Correlations were investigated between such descriptors and inaccuracies of the
prediction algorithm usedby thetracking system.
Results: Predictionerrorsabove 2 mm, lasting for periodslonger than 5 secondswere
observedfor irregular breathers.Theseepisodes correlatedsignificantly with thepresence
of a bimodaldistributionin thepowerspectral density analysis,with a relativeweightof
very low frequenciessimilar to the dominantfrequencyof respiration.From the analysis
of signal patternsthis was interpretedasa negativeinfluenceof baselinevariationsover
severalbreathingcycles,affectingtherecoveryperformanceof thepredictionalgorithm.
Conclusion: This analysiswas conductedon a higher numberof patientscomparedto
previously publishedstudies.A simplemethodto accountfor theobserveddiscrepancies
could be the definition of PTV margins on a patient-by-patient basis. A more refined
approachwould include a personalizedchoice of the predictionalgorithm basedon the
very first minutesof treatment, or the implementationof bandpassor "notch" filters to
removeunwantedfrequencies.


