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Purpose: The effectivenessof gatedradiotherapydependents on thepreciselocalizationof tumorpositionsin real-time during the
treatment. Two widely usedgating approachesareinternal gating and externalgating. Internal gatingis accurate but invasive and
radiation doseto thepatientsis a big concern.Externalgating is non-invasivebut lessaccurate.We haveproposeda newgating
approach to combinetheadvantages andminimize thedisadvantagesof internalandexternalgating.

Method and Material s: In our newapproach,theexternalsignalis acquiredat high frequencywhile theinternalsignal is acquiredat
very low frequency.Algorithmsaredesignedto decidethe optimal x-ray imagingtimeandupdatetheinternal/externalcorrelation in
real-time, which wil l be used to derivetheinternaltumorposition. A simulation systemhasbeenimplementedto evaluatehybrid
gatingusing thesynchronizedinternal/externalsignalsacquired duringpatient treatment.

Results:Two dynamiccorrelationupdating algorithmsareintroduced:basedon amplitude anda piecewiselinear model. Two
assessment metrics,gatingduty cycleandtarget coverage, havebeendefinedto quantitatively evaluatethesimulation results.The
influencesof differentclinical scenarios for hybrid gating,including thegating windowsize, x-ray imagingfrequency, andthetiming
for internalsignalacquisition, hasbeeninvestigated. Our resultsdemonstratedthatdynamicallyupdatingthe internal/external
correlation in or aroundthegating windowwill improvethetargetcoverage(by ~14%) with relativelydiminishedduty cycle (by
~10%).

Conclusion: Thedevelopedhybrid gating techniquehashigheraccuracythanexternalgatingat a costof muchlower x-ray imaging
dosethaninternalgating. This improvementwil l benefitpatientswith mobile tumors,especiallygreaterfor early stagelung cancers,
for which thetumorsare lessattachedor freely floating in the lung with moremovement.


