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Purpose: An inherentproblemin four-dimensional (4D) PET imaging is thepoorstatisticsin each phase,becausethetotal
coincidenceeventsaredividedinto severalphasebinsduring imageacquisition. We proposein this work a simple but efficient image
post-processingmethodto improvethe4DPETimagequality.

Method and Materials: In this method,theentire acquired coincidenceeventsareusedfor eachindividual phaseto enhancetheir
signal-to-noiseratios (SNRs). A summed3D PETimageis fi rst obtainedfrom thenoisy4DPET images, which representsthe
maximum SNR achievable. By deconvolving the3D imagewith a deformablemodelderivedfrom 4DCT, animproved4DPETphase
series canbeobtained.For thebestimagequality, voicecoachingwasusedto assurea regularandconsistentbreathingpattern during
the courseof PETandCT scans. Themethodwasquantitatively evaluatedwith numericalandphysicalphantomexperiments. Three
clinical studiesof pancreatic, lungandliver cancerpatientswere thencarriedout.

Results:Numerical simulations showedthatthemodel-based4D-PETdeconvolutionmethodconverged monotonicallyto the“ground
truth” within a few iterations, and the SNRof thephysicalphantomimagesshowedanincreaseof 83% overtheconventional 4D PET
without sacrificing spatial resolution. Similar performancewasalsoobservedfor thepatientstudy.

Conclusions: We havedevelopeda newmethodfor improved4D-PET imaging.A salientfeatureof themethodis thatthe
coincidenceevents acquiredat differenttimepointsareconsideredsimultaneouslywhenreconstructing eachphase-resolvedimage,
leadingto substantially improved4D-PETimages.


