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Purpose: RespiratorygatedCBCT (e.g. 4D CBCT) with an on-boardimagerhasbeen
introducedto tracktumor motionfor lung cancer patients. However, theimagequality is
comprisedby aliasingartifacts andlower CNR, dueto thelimited number of projections.
The temporal resolution of 4D CBCT is often chosento be around 500~1000msto
increase the sampling at each phase. In this paper, we present a method to
simultaneouslyachieve high temporalresolutionandstreaking artifacts-freeimages in 4D
CBCT.

Method and Materials: The enabling techniqueis an image reconstruction method
calledPrior Image ConstrainedCompressedSensing (PICCS). By incorporating a prior
image into the reconstruction, PICCS enablesaccurate image reconstruction from few
projections. Home made physical motion phantomswere scanned on a Varian Trilogy
system. Projection data were retrospectively gated based on the phaseinformation
obtainedby synchronizingthe‘x- rayon’ signalandthemotionsignal.

Results: The gatingwindow waschosensothatonly oneprojectionwasselectedin each
respiratory cycle. Streak artifacts free 4D CBCT images were achieved using PICCS
from these11-14 selected projections, while other reconstructionalgorithmslike FDK
andconventionalCompressedSensingfailed to generatemeaningful images. Temporal
information was well preserved in theseimagesand the temporal resolution in these
imageswas primarily limited by the detector readout speed which was about 100ms.
Moving objectswere segmented out from imagesat eachphaseandthemotiontrajectory
was extracted. Agreementwas observed betweenthe extractedmotion profile and the
programmedmotion profile.

Conclusions: A new algorithm, PICCS, was proposedto mitigate undersampling
streakingartifactsin 4D CBCT. High temporal resolutionwas achievableby usingfewer
projections. The trajectory of moving objects could be extractedfrom the high quality
4D CBCT images.


