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Abstract

Purpose: Brain PET/CT examinations are generally performed using a 1 Bed acquisition. With the increasing use of PET/CT systems
with an extended axial field of view (AFOV), the overlap region between adjacent Bed positions can be utilized for image acquisition.
This study aimed to evaluate differences in relative sensitivity, image quality, and quantitative characteristics between 1 Bed and
2 Bed overlap acquisitions using a PET/CT system with a 30 cm AFOV and to evaluate the applicability of 2 Bed overlap acquisition
for Brain PET/CT examinations. Materials and Methods: Images were acquired using a GE Discovery Ml Gen2 PET/CT scanner (GE
HealthCare, Milwaukee, WI, USA) with a 30 cm AFOV. For the evaluation of relative sensitivity, a Custom-made Phantom and a PET
Annulus Phantom were used for 1 Bed and 2 Bed overlap acquisitions, and relative sensitivity was compared over the same axial
image range. For image quality and quantitative evaluation, a Hoffman 3D Brain Phantom was scanned under three acquisition
conditions: 1 Bed center, 1 Bed edge, and 2 Bed overlap. Image quality and quantitative characteristics were evaluated using the
signal-to-noise ratio (SNR), contrast-to-noise ratio (CNR), percent coefficient of variation (%COV), and mean standardized uptake value
(SUVmean). Results: The relative sensitivity of the 2 Bed overlap acquisition was slightly higher than that of the 1 Bed acquisition, with
mean values 2.0% higher (range, 0.1-5.8%) for the Custom-made Phantom and 1.2% higher (range, 0.1-2.0%) for the PET Annulus
Phantom. In the Hoffman 3D Brain Phantom, the 2 Bed overlap acquisition showed more favorable image quality metrics than the 1
Bed acquisitions. Compared with the 1 Bed center and edge acquisitions, respectively, SNR was higher by 3.9-15.2% and 19.8-35.0%,
CNR was higher by 3.4-21.0% and 8.5-37.0%, and %COV was lower by 3.7-13.2% and 16.4-25.9%. In the quantitative evaluation,
SUVmean Values in the frontal and occipital lobes were generally similar across the three acquisition conditions. Conclusion: The
difference in relative sensitivity between the 1 Bed and 2 Bed overlap acquisitions was small. However, the 2 Bed overlap acquisition
showed higher SNR and CNR and lower %COV than the 1 Bed acquisitions. SUVmean values in the frontal and occipital lobes were
generally similar across the three acquisition conditions. These findings suggest that 2 Bed overlap acquisition may be considered as
an alternative acquisition strategy for Brain PET/CT using a 30 cm AFOV PET/CT system. Further studies using standardized NEMA NU 2
sensitivity measurements and clinical data are warranted to evaluate the clinical applicability of this acquisition strategy.
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Fig. 1. GE Discovery MI Gen2 PET/CT system was used for this study (GE Healthcare, Milwaukee, W1, USA).
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Fig. 2. Phantoms used in this study: (A) Custom-made Phantom, (B) PET Annulus Phantom, and (C) Hoffman 3D Brain
Phantom.
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Fig. 3. Representative PET images of the phantoms used for relative sensitivity evaluation: (A) Custom-made Phantom, (B)
PET Annulus Phantom.
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Fig. 4. Representative PET image of the Hoffman 3D Brain Phantom used for image quality and quantitative evaluation.
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Fig. 5. Region of interest (ROI) placed on the Hoffman 3D Brain Phantom for image analysis. (A) ROI used for the
calculation of signal-to-noise ratio (SNR), contrast-to-noise ratio (CNR), and percent coefficient of variation (%COV). (B)
ROI used for the measurement of mean standardized uptake value (SUVmean) in the frontal and occipital regions.
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Fig. 6. Slice-by-slice relative sensitivity profiles were compared between the 1 Bed scan and the 2 Bed overlap scan using
the Custom-made Phantom.

Korean Journal of Nuclear Medicine Technology 6



Feasibility Study on the Application of Bed Overlap in Brain PET/CT Imaging

Relative Sensitivity
(PET Annulus Phantom)

0.090

0.087

Sensitivity (cps/MBq)

0.084
1T 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53

Slice

—1 Bed scan —2 Bed overlap scan

Fig. 7. Slice-by-slice relative sensitivity profiles were compared between the 1 Bed scan and the 2 Bed overlap scan using
the PET Annulus Phantom.
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Fig. 8. Slice-by-slice relative sensitivity differences between the 1 Bed scan and the 2 Bed overlap scan are shown for the
Custom-made Phantom.
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Fig. 9. Slice-by-slice relative sensitivity differences between the 1 Bed scan and the 2 Bed overlap scan are shown for the
PET Annulus Phantom.
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2. SNR, CNR, %COV
Hoffman 3D Brain Phantom< ©]-2%F J4t &4 H7} 21} SNR2 ©E £2to] 204 2 Bed 53 #90] 1 Bed 2415 4 714
2te] ZJ Bt 52 ghS UERATH(Table 1). 2 Bed 53 292 1 Bed $AF Y thH] 3.9-152%, 1 Bed 7] Y thH] 19.8-

35.0% =2 4F2 E 3l th(Fig. 10).
CNR JA] BE &efo] A0lA] 2 Bed 33 Y 0] 1 Bed T41F U 7P3A] A Hot &2 32 UEHTHTable 2). 2 Bed 538 &
42 1 Bed 2415 29 thH] 3.4-21.0%, 1 Bed 7FP3AFe] 29 tiH] 8.5-37.0% =2 72 E I ChFig. 11).
HFH 9%COVE & &2to| A0 X 2 Bed 53 #%Y 0] 1 Bed A 7R ZJ Eot -2 718 UEFTK Table 3). 2 Bed 53
22 1 Bed 34 2 iH] 3.7-13.2%, 1 Bed 7] 29 thH] 16.4-25.9% F2 24S B THFig. 12).
Friedman 737 7}, SNR, CNR 2 %COV 25 Al #Y 271 7F 5AH 02 {25t Zpo| & Bl Thp <0.05).

Table 1. Signal-to-noise ratio (SNR) according to scan condition in the Hoffman 3D Brain Phantom

Slice 1 Bed center scan 1 Bed edge scan 2 Bed overlap scan
1 17.54 14.94 20.17
2 16.86 14.05 17.51
3 18.66 16.82 20.77
4 24.13 21.13 25.51
5 20.43 16.09 2147
6 20.27 16.90 22.16
7 11.72 10.96 13.13
8 1147 10.16 13.21

Table 2. Contrast-to-noise ratio (CNR) according to scan condition in the Hoffman 3D Brain Phantom

Slice 1 Bed center scan 1 Bed edge scan 2 Bed overlap scan
1 3747 32.49 42.09
2 36.01 32.38 38.04
3 46.59 41.59 49.63
4 50.03 44.19 60.52
5 48.54 40.02 52.89
6 63.85 56.52 66.00
7 44.07 43.99 47.75
8 4424 40.06 50.85

Table 3. Percent coefficient of variation (%COV) according to scan condition in the Hoffman 3D Brain Phantom

Slice 1 Bed center scan 1 Bed edge scan 2 Bed overlap scan
1 5.70 6.69 4.96
2 5.93 7.12 5.71
3 5.36 5.94 481
4 4.14 4.73 3.92
5 4.90 6.22 4.66
6 493 5.92 4.51
7 8.52 9.12 7.62
8 8.72 9.84 7.57
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Fig. 10. The signal-to-noise ratio (SNR) was compared among 1 Bed center scan, 1 Bed edge scan, and 2 Bed overlap
scan using the Hoffman 3D Brain Phantom.
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Fig. 11. The contrast-to-noise ratio (CNR) was compared among 1 Bed center scan, 1 Bed edge scan, and 2 Bed overlap
scan using the Hoffman 3D Brain Phantom.
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Fig. 12. The percent coefficient of variation (%COV) was compared among 1 Bed center scan, 1 Bed edge scan, and 2
Bed overlap scan using the Hoffman 3D Brain Phantom.
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3. SUVimean

Hoffman 3D Brain Phantom=- ©]-8-5}0] 4 FH 2 55 9] SUVineans B| 1S A3} 1 Bed 345, 1 Bed 7PA] 2 2 Bed 53 2
PollA S48 HREA 0 2 {AFSHA JEHHTH Table 4-5).

AEH S5 B A 2 Z70A SUVinend] P S7F = A 42 W= 2] AUTHFig. 13-14).

Friedman 77 23}, A5 S5 2F A 2 27 7 SUVieres BAIZ O 2 §-2J 3 2}o] & Ho] 2] A9 THp > 0.05).

Table 4. Mean standardized uptake value (SUVmean) in the frontal lobe according to scan condition using the Hoffman 3D
Brain Phantom.

Slice 1 Bed center scan 1 Bed edge scan 2 Bed overlap scan
1 3.23 3.11 3.23
2 3.29 3.20 3.11
3 3.20 3.36 3.18
4 3.20 3.37 3.29
5 3.34 3.34 3.36
6 341 3.23 322
7 332 322 327
8 3.16 3.05 3.26

Table 5. Mean standardized uptake value (SUVimean) in the occipital lobe according to scan condition using the Hoffman
3D Brain Phantom.

Slice 1 Bed center scan 1 Bed edge scan 2 Bed overlap scan
1 3.00 3.1 3.02
2 3.01 3.11 3.09
3 3.14 3.16 3.13
4 3.15 3.11 3.13
5 3.19 3.14 3.17
6 3.18 3.16 3.16
7 32 3.19 321
8 3.23 3.16 3.21

SUVmean - Frontal lobe

1 2 3 4 5 6 7 8

Slice

- N w L

Mean Standardized Uptake Value

o

B 1 Bed center scan M1 Bed edge scan 2 Bed overlap scan

Fig. 13. The mean standardized uptake value (SUVimean) in the frontal lobe was compared among 1 Bed center scan, 1 Bed
edge scan, and 2 Bed overlap scan using the Hoffman 3D Brain Phantom.
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Fig. 14. The mean standardized uptake value (SUVmean) in the occipital lobe was compared among 1 Bed center scan, 1
Bed edge scan, and 2 Bed overlap scan using the Hoffman 3D Brain Phantom.
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