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Purpose: To developa high throughput methodfor quantitative analysisof organ motion characterizationbased on 4DCT image
reconstructionandidentify breathingphasescorresponding to themostextreme targetmotion.

Method and Materials: A novel algorithm wasdevelopedthat utilizes subtraction of pairedimagesobtainedunder 4DCT protocol
andanalyzestheresulting image residualsto characterizetheextentof organmotion. Thecumulative pixel value(CPV) of theimage
residual is calculated for all possible combinations of the paired imagesets. The maximum CPV is associatedwith the greatest
separationof the target in two imagesets,and extreme “breathing” phasesare identified. The algorithm was validatedon a set of
4DCT imagesobtainedfor a dynamic phantom (CIRS, Inc., Norfolk, VA) for different targetsizesandmotion characteristics. Initial
testson 4 patientswith dif ferentdegreesof motion wereconducted.

Results:Theextentof targetmotionwascorrectly describedfor all pairsof imagesetsby calculatedCPV values. Thephasesknown
to correspondto extremesof motion werecorrectly identified for thephantomstudy.Phantomstudiesusingtargetsof different sizes
(1 to 3 cm) and different amplitudes of motion (1 to 2cm) producedsimilar results. Using patient images,our methodcorrectly
predicted thedegreeof observable motionin a blindedtest.

Conclusions:An automatedalgorithm for targetmotion evaluation wasdevelopedandtestedusing4DCT imagesetsobtainedwith a
dynamicphantom. The algorithm predictions were accurate for a rangeof targetsizesand amplitudesof motions.The methodis
objective androbustand thereforemaybeeffectively usedin theclinic asa quantitativemeasure of organmotion. Preliminaryresults
of usingpatientdataare verypromising.


