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Purpose: Commercial 4D CT systemsattemptto correlateimagingwith therespiratorycycleof thepatient.Thoughit is known that
irregular breathingintroduces artifacts, this hasnot beensystematically explored. The purpose of this study is to quantitatively
investigatetheeffectof changing theamplitude andfrequencyof thebreathingpatternmid-scanon imagequality.

Materials and Methods: The WashingtonUniversity 4D phantom holding a 2 cm lung tumor object encased in solid water was
scannedwith the Philips Brill iance64 slice CT scanner in retrospective helical modeusingthe “bellows” respiratory surrogate.The
breathing cycle wasobtained from a lung cancerpatient, andthe motion during the first half of the scanwasproducedat a baseline
trajectorywith a consistentfrequencyandamplitude.Thetwo parameterswerethenvaried mid-scanto newfrequencyandamplitude
values, throughouta rangeof 7.5 to 22.5 breaths/minute and 5 to 15 mm, respectively. Four phaseswere reconstructedusing the
commercial scannersoftware. Imagequality wasthenevaluatedby assessing volumetric, centroid, andgeometric changes.

Results: Changes in amplitude of more than 25%, regardlessof changein frequency, causedmeasurablevolumetric andgeometric
imageartifacts.Conversely, changesin frequencyalonedid not causea notablechange in thepresenceof artifacts.Thelargest amount
of volumechangewaspresent at the0% phase(peak inhalation) wherethechangein amplitudewasgreatest,while the leastamount
of volumechangewas present at the50% phase.

Conclusions: Thesebasicbreathing statistics of the patient’s respiratory wave would be useful in quickly assessing the quality of a
helical 4D CT scanprior to imagereconstruction. More work is necessaryto generalizethese resultswith other scanacquisition
techniques andrespiratory taggingalgorithms.
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