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Aim/Introduction: A recently designed digital solid-state 
positron emission tomography/x-ray CT system (PET/CT) 
scanner with bismuth germanate (BGO) scintillators coupled to 
silicon photomultipliers provides for a 32 cm axial field of view 
(FOV) with high NEMA sensitivity. For this digital-BGO system, 
image reconstruction parameters were optimized to meet EARL 
(Research4Life, EANM) Standards 2 criteria. Materials and Methods: 
A national electrical manufacturers association (NEMA) image 
quality (IQ) phantom was loaded with fluorine-18 FDG ([18F]-2-
fluoro-2-deoxy-D-glucose) and scanned as per the EARL manual, 
giving a background concentration of approximately 2 kBq/mL 
at scan time. The 6 hot spheres (ranging from 10 to 37 mm in 
diameter) representing approximately a 10:1 target-to-background 
ratio were aligned in a transverse plane at positions 1/8, 1/4, 1/2, 
and 3/4 along the axial FOV. Using a Bayesian penalized-likelihood 
algorithm, which included point spread function modelling and 
all corrections, images were reconstructed on a 256 × 256 matrix, 
with a 70 cm transverse FOV and a 2.08 mm slice thickness. The 
algorithm increases the amount of regulation with an increasing 
so-called β-value parameter (a factor that penalizes local non-
homogeneity among voxels). Recovery coefficient curves based 
on the average and maximum detected activity in the spheres 
were calculated for β-values ranging from 350 to 1300. Optimal 
values were determined by minimizing the root-mean-squared 
(RMS) error between the measured recovery coefficient values 
and the “ideal” values given by the average of the stated minima 
and maxima, for each sphere size, of the EARL Standards 2 criteria. 
A cylindrical phantom with homogenous radiotracer distribution 
was scanned in a similar manner to ensure that the EARL calibration 
criteria were met. Results: Beta-values ranging from 800 to 1200 
enabled the reconstructed images to meet the EARL Standards 
2 criteria for all 4 placements of the IQ phantom. On average, a 
β-value of 900 was optimal. The “worst case” giving the largest error 
was for the 37 mm sphere at the 1/2 axial position: the “maximum 
voxel” recovery coefficient was 1.08, while the minimum criterion 
is 1.05. The EARL calibration criteria were met to within 1.1 % of 
the expected radiotracer concentration. Conclusion: Bayesian 
penalized-likelihood reconstruction for a solid-state axial FOV 
digital-BGO PET/CT system can robustly meet the EARL Standards 
2 criteria throughout the 32 cm axial FOV, given a reasonable 
optimization of the regularization. 
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Aim/Introduction: There is significant interest to develop dedicated 
brain PET scanners, given widespread role of PET in brain imaging 
applications such as Alzheimer’s disease and Parkinson’s disease, 
and the cost and limited spatial resolution of whole-body PET 
scanners as applied to early detection of brain disorders. We are 
developing a prototype LYSO-based dedicated-brain PET scanner 
in our department. Here we aimed to very realistically simulate the 
scanner, followed by optimization of data acquisition parameters 
towards improved image quality and system performance. Materials 
and Methods: Montel Carlo simulations were performed using 
GATE (V9.1). The detector blocks of dedicated brain PET scanner 
consist of 23×23 arrays of 2×2×15 mm3 LYSO scintillators and 0.1 
mm BaSO4 reflector. The scanner has 4 detector block rings with 22 
detector blocks per ring. The ring diameter and transaxial FOV of the 
scanner are 35.1 cm and 26.8 cm, respectively. Different acquisition 
parameters comprised of coincidence time window (CTW) (3, 6.5 
and 10 ns) and energy window (Low threshold: 5 to 30% with the 
step of 5; High threshold: 650 keV) were selected and adjusted for 
the model. The sensitivity, scatter fraction (SF), and noise equivalent 
count rate (NECR; without random subtraction) were calculated 
based on NEMA NU-2-2018 for each of acquisition parameters. 
Results: Simulation results indicated that the SF increased with 
increasing energy window. Furthermore the NECR value for 3 ns 
CTW is about 63% higher than 10 ns CTW. Meanwhile, decreasing 
CTW from 10 to 3 ns leads to reduction in scanner sensitivity (by 
9%). It was seen that NECR reaches maximum value for 20% energy-
window at different CTW values. SF and sensitivity of the scanner in 
the 20% energy-window are 30% and 5.7 cps/kBq, respectively. In 
this energy window, the NECR peak occurs at 18.85 kcps @ 5 kBq/ml. 
Conclusion: We showed that in addition to designing a suitable 
geometry for dedicated brain PET scanner, the choice of appropriate 
CTW and energy-window for data acquisition is important. Given 
the sensitivity, SF and NECR that was calculated in different energy-
windows and CTW values, energy window of 20% and CTW of 6.5 
ns were found as optimal for our developed LYSO-based brain PET 
scanner.


