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aim of this study was to optimize the acquisition and reconstruction 
parameters. Materials and Methods: The study included 22 
patients, 14 men and 8 women, age 16-75 years. All patients 
were injected with 4 MBq/kg, maximum 500 MBq, and imaged 
after 60 minutes on Discovery MI, GE Healthcare, PET-CT. The 
reconstructions were made using a block-sequential regularization 
expectation maximization reconstruction algorithm (Q.Clear, GE 
Healthcare) with a beta-value of 550. The acquisition time was 3.5 
min/bed position, acquired in listmode, which allowed the studies 
to be truncated to six different acquisition times of 1.0 - 3.5min/bed 
position, with beta-values from 200-1400. Three regions-of-interest 
(ROIs) in the liver were drawn in each patient. Using the ROIs in the 
liver, the average signal-to-noise ratio (SNR) and contrast-to-noise 
(CNR) was calculated for each patient. Reconstruction parameters 
resulting in acceptable SNR and CNR levels were selected for further 
audit. The image quality was evaluated by experienced nuclear 
medicine physicians. Scores were given by a five-grade image 
quality scale (1=unacceptable image quality and 5=very high 
image quality). Results: The quantitative analysis of SNR and CNR 
showed that acquisition times between 2-3.5 min/bed position 
and reconstruction beta values between 600-800 generated 
acceptable SNR and CNR levels. These images were selected for 
image quality scoring. The highest mean value of the scored image 
quality was found for an acquisition time of 2.5 min/bed position 
and reconstructing with a beta-value of 700. Acquiring for 2.0 min/
bed position and reconstructing with a beta-value of 800 reached 
a similar score and was also considered for an updated protocol. 
Conclusion: Based on the results of the optimization study, it was 
decided to keep the injected activity at 4 MBq/kg, reduce the 
acquisition time to 2.5 min/bed position and use a beta-value of 
700. This is now implemented in the clinical routine. 
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Aim/Introduction: New SPECT/CT systems with CZT detectors and 
novel detector architectures show promise for achieving improved 
absolute quantification when compared with traditional gamma 
cameras [1,2]. This study aimed to determine the optimum number 
of reconstruction iterations for calculating standardised uptake 
values (SUVs) in 99mTc-HDP bone scans of the spine acquired using a 
novel 360° CZT SPECT/CT system. Materials and Methods: A large 
uniform cylindrical phantom filled with 99mTc was used to confirm the 
sensitivity of the SPECT/CT system, and to ensure the accuracy of the 
calibration factor that maps image counts to activity concentration. 
Images of a NEMA image quality phantom were reconstructed 
using an ordered-subsets expectation maximisation reconstruction 
algorithm with 8 subsets and between 2 and 40 iterations, and 
SUVs inside the spheres and background of the phantom were 
recorded using regions of interest. Recovery curves were plotted 
for the different reconstructions to investigate the effect of object 
size on quantification, and SUVs were plotted against the number 
of iterations for each sphere to examine the rate of convergence. 
Retrospective analysis of data from 25 patients who had undergone 
spinal imaging with 99Tc-HDP was performed, with the previously 
described reconstructions generated for each patient. 20mm 

spherical volumes of interest were positioned in uninvolved 
vertebrae to record SUVs, and were reproduced identically for 
each of the different reconstructions, so the SUV convergence with 
increasing iterations could be analysed using paired t-tests. Results: 
The nominal to measured activity concentration ratio in the uniform 
phantom was 1.007, confirming the SPECT/CT system calibration 
factor to be accurate. SUV recovery in the NEMA IEC phantom 
increased with sphere diameter as expected, and SUV convergence 
in all spheres was observed as the number of iterations increased. 
From the patient study, there was strong evidence of a difference in 
mean SUV between 2 and 10 iterations but little evidence after 20 
iterations, indicating convergence had been reached between 10 
and 20 iterations. Conclusion: If SUV quantification is to become a 
part of routine clinical practice in bone SPECT/CT imaging, a greater 
number of iterations should be employed as compared to that used 
for visual interpretation alone. References: 1. Bahloul A et al. Bone 
Scintigraphy of Vertebral Fractures with a Whole-Body CZT Camera 
in a PET-Like Utilization. Front Nucl Med. 2021 2. Kennedy J et al. 
Absolute radiotracer concentration measurement using whole-
body solid-state SPECT/CT technology: in vivo/in vitro validation. 
Med Biol Eng Comput. 2019
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Aim/Introduction: Positron emission tomography (PET) targeting 
prostate-specific membrane antigen (PSMA) allows for enhanced 
detection of metastatic prostate cancer (mPCa). PET scans are 
commonly reconstructed with ordered-subsets expectation-
maximization (OSEM), but this algorithm can result in images with 
amplified statistical noise as iterations increase. Bayesian sequential 
regularized expectation maximization (BSREM) utilizes a noise 
penalization term (β) to smooth the image during reconstruction, 
allowing for more iterations to be used without associated noise 
amplification. In this study, we investigate BSREM reconstruction for 
the focal, high-contrast lesions observed in PSMA PET. We utilize a 
signal-to-noise ratio (SNR) measure to characterize image quality, 
though our work is actively being applied to other study design 
paradigms (i.e., detectability studies). Materials and Methods: 
To simulate prostate cancer metastasis, 3mm-16mm diameter 
(0.014mL-2.14mL) epoxy spheres were infused with a long half-
life radioisotope (22Na) which exhibits similar characteristics 
as 18F. Spheres were inserted in a cylindrical phantom with 18F 
background and acquired using a Discovery MI PET/CT scanner 
in list-mode (3x120s). Images were reconstructed using OSEM (32 
subsets, 3 iterations, 4mm Gaussian filter) and BSREM (32 subsets, 
β=0-1000). Lesions were segmented using 41% of SUVmax fixed 
thresholding (41% FT), and background was defined using 8x0.5mL 
spherical regions-of-interest. Recovery coefficient (RC) and signal-
to-noise ratio was computed for each lesion. Results: To select 
the most accurate and robust β value, recovery coefficients (RCs) 
were compared for the 120s acquisition. RC±SD were 67.2±4.0%, 
65.3±3.5%, 63.9±5.2%, and 57.1±4.7% using β=200,300,400,800, 
respectively. SNR for BSREM (β=300) was 9.6±2.3, 172.0±50.7, 
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274.7±50.0, and 259.5±50.1, and SNR for OSEM was 10.8±3.4, 
139.2±47.3, 262.6±69.9, and 255.5±68.6 for the 3,6,10,16mm lesions, 
respectively. To characterize the potential benefit of BSREM on image 
quality, SNR was computed for 30s-120s scan durations. For the 
3,6,10,16mm lesions, BSREM required 30,70,100,120s, respectively, 
to achieve equivalent SNR as the OSEM algorithm with 120s scan 
duration. Conclusion: We evaluated the effect of β parameter 
(BSREM) and scan duration on image quality of PSMA PET images. 
Based on our results, we recommend using β=300 to achieve 
adequate accuracy and precision for SUVmean measurements. We 
observed that OSEM and BSREM had similar SNR for larger lesions 
(12-16mm), while for smaller lesions (3-10mm), BSREM required 
much less scan time to obtain similar image quality. Our findings 
suggest that BSREM may be promising for image enhancement of 
small metastasis observed in PSMA PET, although additional studies 
are needed to characterize performance for specific clinical tasks, 
such as lesion detectability.
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Aim/Introduction: The purpose of the study was to investigate 
possible optimization of the clinical protocol used for post-
radioembolization positron emission tomography (PET) yttrium-90 
(Y-90) scans. Y-90 includes a small fraction of positron emission (  
32 ppm). Taking advantage of the higher sensitivity of the long axial 
field-of-view (AFOV), the scanner can compensate for the low counts 
and could lead to improved post-treatment validation. Materials 
and Methods: A whole-body PET scanner with an AFOV of 106cm 
was used. Two patients (one male, one female) 73 and 87 years old 
respectively, were scanned on the PET after the radioembolization 
intervention. The injected Y-90 activity was 1.2 GBq and 6.1 GBq for 
the two patients, respectively. The acquisition time was 20 minutes. 
The reconstruction had the following parameters: 3D OSEM, TOF 
+ PSF, 220 x 220 reconstruction matrix, 4 iterations with 5 subsets 
and a 2mm FWHM Gaussian filter. The ultra-high sensitivity (UHS) 
mode utilizing the complete ring difference with improved 3D 
scatter correction was used. After the acquisition the list-mode 
data were rebinned into 10 and 5 minute frames and reconstructed 
with 2 iterations too. A previous phantom-study has shown that 
2 iterations deliver images with the highest signal-to-noise ratio 
(SNR) and lowest background variability (1). A volume-of-interest 
(VOI) was placed on the liver background and on a lesion. The mean 
and standard deviation (SD) values in kBq/ml were extracted. SNR 
was defined as (mean VOI signal)/(background VOI SD) and the 
coefficient of variation (COV) was defined as = (background VOI 
SD)/(mean VOI background). Results: The COV for the first patient 
for 5, 10 and 20min was 37%, 45% and 53% for 4 iterations and 30%, 
32% and 35% for 2 iterations. Similarly, for the second patient the 
COV was 45%, 53%, 64% and 35%, 39%, 46%. The mean values of 
the background liver VOI did not show any differences between 
iteration numbers for the same reconstruction times. The SNR for 
5, 10 and 20min was 8.2, 6.7, 6.4 for 4 iterations and 9.3, 8.7, 9.1 for 2 
iterations. For the second patient the SNR was 9.4, 8.9, 8.6 and 10.8, 

10.4, 10, respectively. Conclusion: 2 iterations produce lower noise 
and improved SNR for post-radioembolization Y-90 than 4 iterations 
in long AFOV PET scanner. References: 1. K. Zeimpekis, L. Mercolli, 
G. Prenosil, H. Sari, K. Shi, A. Rominger, Phantom-based Y-90 whole-
body PET image quality evaluation, SNMMI Proceedings, 2022, 
Vancouver, CA
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Aim/Introduction: The uEXPLORER is a total-body positron 
emission tomography (PET) / computed tomography (CT) scanner 
with an axial field of view of 194cm yielding a 15-68-fold increase 
in sensitivity compared to conventional scanners and a spatial 
resolution of under 3.0mm [1]. However, the large number of 
detectors and the widened acceptance angle dramatically increase 
data sizes, setting higher demands on image reconstruction 
algorithms and data correction techniques. Specifically, the 
correction of scattered events, which degrade contrast and 
quantitative accuracy in reconstructed PET images [2] becomes 
more complex and computationally expensive. This contribution 
demonstrates the development and validation of a Monto-Carlo 
(MC)-based scatter correction (SC) framework for total-body PET 
using the uEXPLORER. Materials and Methods: Due to the high 
number of lines of response (92 x 10^9), SC by direct computation 
is challenging in total-body PET and, therefore, a MC-based 
scatter estimation using SimSET was chosen. The SC method was 
developed and validated using PET scans of a NEMA NU 2 image 
quality phantom at 3 locations in the axial FOV. Images were 
reconstructed using 3D-TOF-OSEM with point spread function 
modelling, 2.85mm isotropic voxel size, corrections for attenuation, 
dead-time, and random events, and without post-processing filters. 
A scatter estimation was performed after every OSEM-iteration 
and incorporated into the next image estimate. Since uEXPLORER 
sinograms on crystal level would be too large, simulated scatter data 
were re-binned into blocks (6x7 crystals) and scaled to measured 
sinograms, which were normalized and corrected for random events 
and dead-time prior to scaling. Image quality was assessed by 
calculating the contrast recovery coefficient (CRC) and background 
variability (BV) following the NEMA NU 2-2018 protocol. For further 
validation, a human subject was scanned for 20min, reconstructed 
with above parameters, and SC was affirmed via the average peak-
to-valley-ratio in the spine and by investigating the scatter removal 
in the trachea. Results: The phantom studies showed high contrast 
(best CRC at 90%) and low noise (BV<5%). The average peak-to-
valley-ratio in the spine was 5.25 compared to 2.29, if no SC was 
implemented. There was a small residual scatter contamination in 
the region inside the trachea with an activity concentration lower 
than the lung tissue. Conclusion: A SC technique was successfully 
implemented in our in-house reconstruction framework and 
scientifically validated. This could serve as a ground truth for 
optimizing the performance of future SC methods, for example, 
machine-learning approaches, which may be more computationally 
efficient. References: [1] 10.2967/jnumed.120.250597 
[2] 10.1016/j.cpet.2007.10.003


