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Purpose: A research prototype for high-performancedual-energy (DE) imaging of the chest is under development.This paper
discussesthedevelopmentand characterizationof a cardiac gating systemdesignedto preciselytriggertheimaging systemaccording
to cardiacphaseandminimizeanatomicalmisregistration dueto heartmotion.

Method and Materi als: A fingertip pulse oximeter was employed to measure the peripheral pulse waveform and trigger x-ray
exposuresduring the quiescent phase of the heart(diastole). Temporaldelaysaccountedin the timing scheme includephysiological
pulsepropagation, waveformprocessing, andimaging system delays(filt er-wheel,bucky-grid, andflat-panel detector). An empirical
modelof the diastolic period allows calculationof the implemented delay, timp, required to trigger correctly at any patient heart-rate.
Performancewasevaluatedin termsof accuracyandprecision of diastole-trigger coincidenceandexpertassessmentof cardiacmotion
artifact in gatedandungatedDE images.

Results:Themodel suggestsa triggeringscheme characterizedby two heart-rate (HR) regimes: belowa HR-threshold,sufficient time
existsto exposeon thesameheartbeat(timp = 0); abovetheHR-threshold, a characteristic timp(HR) delaysexposure to thesubsequent
heartbeat, accounting for all fixed and variable system delays. Initial implementationindicated83% accuracy in diastole-trigger
coincidence.By modifying theHR estimation method (reducedtemporal smoothingof thepulsewaveform), triggeraccuracyof 100%
wasachieved. Cardiac-gatedDE patient imagesdemonstrate significantly reducedcardiacmotionasassessedby expert radiologists.

Conclusion: A pulse oximeter combined with a cardiacmodel providesaccurate x-ray triggering and significantly reducesheart
motion artifacts. A simple fingertip clip presentslogistic, cost, and workflow advantagescomparedto ECG. The systemhasbeen
implementedin a clinical research trial, with gatedandungatedarmsallowing characterizationof theimpact of cardiacmotion artifact
on diagnostic performance.
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