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3 Gated PET/CT

4 Gating

5 Time of flight(TOF)

6 Point spread-function modeling (PSF)
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! Fluoro-2-deoxyglucose positron emission
tomography/computed tomography (FDG PET/CT)
2 Partial volume effects (PVES)
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7 Contrast-to-noise-ratio (CNR)
8 non-small cell lung cancer (NSCLC)
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14 Motion blurring kernel

15 Additive noise mode

16 Directional derivative analysis
17 Autocorrelation analysis

18 Auto-correlation function (ACF)
19 Point Spread Functions(PSF)
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11 Ordered subsets expectation maximization (OSEM)
12 Blur
13 Linear and space invariant
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27 Block Shrink

28 Contrast to noise ratio (CNR)
2 Coefficient of variation (COV)
30 Standard uptake value(SUV)
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20 National Electrical Manufacturers Association
(NEMA) standard

21 Point source

22 Field Of View (FOV)

23 Full width at half-maximum amplitude

24 Lucy-Richardson (LR) algorithm

2 Maximum likelihood estimation

% Wavelet transform
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Fig 1) Comparison between relative differences (%) of the CNR for lung lesions within various sizes, locations, and SBRs in
compensated images compared with the uncompensated images for different reconstruction algorithms.
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Fig 3) Comparison between relative differences (%) of the SUVmax for lung lesions within various sizes, locations, and
SBRs in compensated images compared with the uncompensated images for different reconstruction algorithms.
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Fig 4) Coronal PET images of a 62-year-old man with NSCLC. The mean relative difference of the SUVmax in 3 lesions for

compensated images compared to the corresponding uncompensated images was 39.2% and 41.6% for PSF and TOFPSF with
only motion compensation, respectively, and 32.5% and 36.9% for combined compensation of OSEM and TOF.
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Abstract
Background: The present study aims to assess the impact of various image reconstruction methods in *8F-FDG
PET/CT 1maging on the guantification performance of the proposed technique for joint compensation of
respiratory motion and rr;artial volume effects (PVEs) in patients with non-small cell lung cancer. .
Materials and Methods: An image-based deconvolution technique was proposed, incorporating
wavelet-based denoising within the Lucy-Richardson algorithm to jointly compensate for PVEs and
respiratory motion. The method was evaluated using data from 15 patients with 60 non-small cell lung
cancer. In these patients, the lesions were classified by size, location and Signal-to-Background Ratios
(SBR). In each study, PET images were reconstructed using four different methods: OSEM with time-
of-flight (TOF) information, OSEM with point spread function modelling (PSF), OSEM with both TOF
and PSF (TOFPSF), and OSEM without PSF or TOF (OSEM). The Contrast to Noise Ratio SCNR),
Coefficient of Variation (COV) and Standardized Uptake Values (SUV) were measured within the lesions
and compared_to images that were not F?rocessed using the joint-compensation technique. Furthermore,
variabilities arising due to the choice of the reconstruction methods were assessed.
Results: Processing the images using the proposed technique yielded si?nificantly higher CNR and SUV,
particularly in small spheres, for all the reconstruction methods and all the SBRs (P<0.05). Overall, the
incorporation of wavelet-based denoising within the Lucy Richardson algorithm improved COV and CNR
in all the cases (P<0.05). In the patient data, the median values of the relative difference (%) of CNR for
the compensated images in comparison to the uncompensated images were 40.9%, 41.2%, 45.3% and
40.8% for OSEM, PSF, TOF, and TOFPSF, respectively, in the small lesions (equivalent diameter <15
mm), 31.0%, 25.9%, 34.1% and 28.2% in the average-sized lesions (equivalent diameter<30 mm), 35.7%,
33.7%, 37.8% and 33.2% in the lesions in the lower lung lobes, 33.5%, 31.0%, 35.7% and 30.6% in the
lesions in the upper lung lobes, 39.7%, 37.9%, 45.1% and 39.0% in the low-SBR lesions and 28.8%,
27.8%, 34.8% and 25.7% in the high-SBR lesions. Changes in motion amplitude, target size and SBRs in
the Eatlent data resulted in significant inter-method differences in the images reconstructed using different
methods. Specifically, in a small target size, quantitative accuracy was highly dependent on the choice of
the reconstruction method.
Conclusion: Our results showed that joint compensation, and incorporation of wavelet-based denoising, yielded
improved quantification from PET images. Quantitative accuracy is greatly affected by SBR, lesion size,
breathing motion amplitude, as well as the choice of the reconstruction protocols. Overall, the choice of
reconstruction algorithm combined with compensation method needs to be determined carefully.

Keywords: 8F-FDG PET/CT, Reconstruction Algorithm, PSF, TOF, Combined Compensation, Respiratory Motion,
Partial Volume Effect, Quantification, Lung Cancer
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