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Purpose:
Breathing surrogate, such as Real-Time Position Monitor (RPM), is most

commonlyusedto predict internal motion due to the difficulties in directly measuring
internal motion. In this study, to account for both linear correlateddisplacement and
possible phaseshift between RPM signal and internal organmotion, a new model that
incorporatesboth displacementandphaseof RPM signalwas proposed andits accuracy
wasestimatedandcompared with that of othermodels.

Methods and Mater ials:
The diaphragm motion was traced from fluoroscopic lung proceduresfor 10

patients, with respiratory surrogatesignalsacquired simultaneouslywith RPM system
which tracks motion of reflective markers mounted on the abdomenwith an infrared-
sensitive camera.To estimatethediaphragmmotion,a generallinear functionusingRPM
displacementas the input, a 6th order polynomial using RPM phaseas the input, and a
new model we proposedas the weighted sum of the previoustwo, using both RPM
displacementandphaseasparameters,wereused. Leastsquare fitting wasappliedfor all
the threemodelsrespectively to derive the correspondingparameters.Respiratorygating
(30% duty cycle) was performed retrospectively basedon the threediaphragm motion
trajectoriesfrom the three models,and95th percentile residualmotion wasevaluatedfor
eachpatient. Also, deviationsof the estimatedtrajectoryfrom the true trajectorywere
calculatedas 95th percentile tracking error for each model.Paired t-test was performed
andp<0.05 wasdeterminedsignificant.

Results and conclusions:
All of the 10 patientsdemonstratedsignificantly smallertrackingerror (~1.5mm,

p<0.05)andresidualmotion (~1.2mm,p<0.05)when using the new modelcompared to
the other two, indicating that this new model is more effective in estimating the
diaphragmmotionfrom breathingsurrogate(RPM) signalscomparedto themodelsusing
eitherRPM displacementor phaseastheonly parameter.


