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Purpose:Whencommissioning any componentin anintegratedradiotherapysystem,it is imperative to considerpossiblecompoundingof errors
throughtheentire system. Gatedimagingandradiotherapy providesa useful exampleof this.

Methodand Materials: In gatedradiotherapy,theaccuracy of treatmentdeliveryis determinedby theaccuracywith which boththeimaging
and treatmentbeamsare gated. If thetime delays (thetime betweentheIR markersentering/leavingthegatedregionandthefirst/lastimage
acquiredor treatmentbeamon/off) for theimaging and treatmentsystemsarenot consistent, the required ITV marginmayincreaseabove that
deducedfrom thetolerancefor eithersystemmeasured individually. We measuredonegatingsystem’s timedelayon 2 fluoroscopysystems,and
two linearaccelerator, using a motionphantom of knowngeometry,varying gatingtype(amplitudevs.phase), beamenergy, doserate,and
period.

Results: In theworstcasescenario,beam-off for amplitude-basedgating(3-5speriod), thelast fluoroscopicimagein thegatedregionwas
acquired0.15 ± 0.08s (1SD) beforetheIR markersleft theamplitude-gatedwindow,while thetreatmentbeamcut off 0.06± 0.02s after theIR
markershadleft thesameregion. For a patientwith 1 cm amplitude,4 s periodsinewavebreathing, this time delaymismatchincreasestheITV
margin by 3.7mm. For beam-on times,thefluoroscopysystemwasalsoearly,while thelinear acceleratorbeam-on waslate. Theimages
indicatea largerregionis treatedthanis in truth, decreasing theduty cycle andincreasing overalltreatmenttime.Doserateandtreatment beam
energyhadnegligible effects. In less-predictable,physiological breathingmotion, these timedelaysmayvary.

Conclusion: By following patientflow from simulation throughtreatment,physicists maymore accuratelyassessaccumulatederrors in systems
includinggatedradiotherapy.


