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Performance Characteristics of 3D GSO PET/CT Scanner (Philips GEMINI PET/CT)

Jin Su Kim, MS, Jae Sung Lee, PhD, Byeong Il Lee, Ph.D., Dong Soo Lee, MD,
June-Key Chung, MD,, Myung Chul Lee, MD.

Department of Nuclear Medicine, Interdisciplinary Program in Radiation Applied Life Science Magjor, Seoul National
University College of Medicine, Seoul, Korea

Purpose: Philips GEMINI is a newly introduced whole-body GSO PET/CT scanner. In this study, performance of the
scanner including spatial resolution, sensitivity, scatter fraction, noise equivalent count ratio (NECR) was measured
utilizing NEMA NU2-2001 standard protocol and compared with performance of LSO, BGO crystal scanner.
Methods: GEMINI is composed of the Philips ALLEGRO PET and MX8000 D multi-slice CT scanners. The PET
scanner has 28 detector segments which have an array of 29 by 22 GSO crystals (4x6x20 mm), covering axial FOV
of 18 cm. PET data to measure spatial resolution, sensitivity, scatter fraction, and NECR were acquired in 3D mode
according to the NEMA NU2 protocols (coincidence window: 8 ns, energy window: 409~664 keV). For the
measurement of spatial resolution, images were reconstructed with FBP using ramp filter and an iterative
reconstruction algorithm, 3D RAMLA. Data for sensitivity measurement were acquired using NEMA sensitivity
phantom filled with F-18 solution and surrounded by 1~5 aluminum sleeves after we confirmed that dead time
loss did not exceed 1%. To measure NECR and scatter fraction, 1110 MBq of F-18 solution was injected into a
NEMA scatter phantom with a length of 70 ¢m and dynamic scan with 20-min frame duration was acquired for 7
half-lives. Oblique sinograms were collapsed into transaxial slices using single slice rebinning method, and true to
background (scatter + random) ratio for each slice and frame was estimated. Scatter fraction was determined by
averaging the true to background ratio of fast 3 frames in which the dead time loss was below 1%. Results:
Transverse and axial resolutions at 1cm radius were (1) 5.3 and 6.5 mm (BP), (2} 5.1 and 59 mm (3D RAMLA)
Transverse radial, transverse tangential, and axial resolution at 10 cm were (1) 57, 57, and 7.0 mm (FBP), (2 5.4,
54, and 64 mm (3D RAMLA). Attenuation free values of sensitivity were 3,620 counts/sec/MBq at the center of
transaxial FOV and 4,324 counts/sec/MBqg at 10 cm offset from the center, Scatter fraction was 40.6%, and peak
true count rate and NECR were 889 kcps @ 129 kBa/ml and 34.3 keps @ 8.84 kBq/ml. These characteristics are
better than that of ECAT EXACT PET scanner with BGO crystal. Conclusion: The results of this field test
demonstrate high resolution, sensitivity and count rate performance of the 3D PET/CT scanner with GSO crystal.
The data provided here will be useful for the comparative study with other 3D PET/CT scanners using BGO or
LSO crystals. (Korean J Nucl Med 38(4):318-324, 2004)
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Fig. 1 (A) Philips GEMINI PET/CT scannet, (B) PET/CT image of a
patient, (C) Fused image of PET and CT (D) CT image.

Table 1. Specifications of Philips GEMINI PET/CT Scanner.

Description Type or Dimension

PET subsystem

Crystal material GSO

Number of rings 29

Ring diometer (mm) 820

Patient port (mm) 560

Crystal number 28 flat modules of a 22x29 array
PMTs number 420

Crystal size (mm®) 4x6x20

Coincidence window (ns) 8

Acquisition mode 3D only

Transaxial FOV (mmy) 578(whole body)/256(brain)
Axial FOV (mm) 180

Slice thickness (mrm) 2(brain)/A(whole body)
Transmission source ¥cs

CT subsystem

Gantry aperture (mm) 700

Variable scan speed 0.75 sec/rotation
Anode heat sforage capacity 6.5

(MHU)

Minimum slice thickness (mm) 1

Helical reconstruction time (sec) 1
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Fig. 2 Natural logarithm of true count rate versus the thickness of
aftenuator (aluminum sleeves) from which the logarithm of
atfenuation free value of sensifivity was extropolated; white
diomond and dotted line: measurements af the center of FOV;
black diamond and solid line: at the 10 cm radially offset from
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Fig. 3 (A) True (thick-solid line), scatter (dotted line), and random
(thin-solid line) count rate and (B) NECR versus activity
concentration: peak true rate was 88.9 keps at 12.9 kBa/mL. and
peak NECR was 34.3 kcps at 8.84 kBa/mL.
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Table 2. Spatial Resolutions of Philips GEMINI PET/CT Scanner using NEMA NU2-2001.

FBP 3D RAMLA

(FWHM/FWTM) (FWHM/FWTM)
Resolution at 1cm offset from the center (mm) Transverse 53/114 517107
axial 6.5/11.9 59/115
Transverse radial 57/12.1 5.4/11.2
Resolution at 10cm offset from the center (mm)  Transverse tangentiol 57/114 54/112
Axial 7.0/13.0 6.4/11.9
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Table 3. Comparison of Spatial Resolution with Crystal Size.

r\l
o
2
ofr
L

i

A9 MicroPET Ra2AU S 4323 37)E 2x2x10 mm’S
A GEMINI PET/CT 27uRct 43449 NS 1/42 &
ol g AA 172 cmE FoA F{EEFE 1.8 mmE A

zi\‘ 1.q_'lzl,IS)

2. U3

409~664 keVel o= FolA GEMINI PET/CT271¢]
mzeE 270U ek FA0A 3620 counts/sec/MBg, H=
HWF 2416049 10 cm Hlold A-eilA 4,324 counts/sec/MBael %
o} FYF 4ol9) BGO H3EAS AMg-3F ECAT EXACT 47
2 (EF Aok 16.2 cm, UA] 7 250~650 keV) o} 13
T 2931.3(3D) counts/sec/MBq, F& 43 F4ollA 10 cm ¥
oyt &l A 3398.2(3D) counts/sec/MBqol R, LSO 432
AL A3 HIREZ PET/CTZ2A U (oA & 425 keVold) &
32018k 2204 5300 counts/sec/MBqol ATk 2+ 4244
vt} o x] E850] TR W] Yol 71EeE HE
U] o] thEm 27 A S9EF Aloprt b B 53}
£ A kel 98§ e 2dlo] AN A9 Hol
7F 22 39 2 YIREE vlweE] & o LSO 434 4E
A& g HREZ PET/CT7F 718 & A & AH3kdEol

= By RS g £ AL 99T & ATk

3. A&E 3 2 NECR

o] AAolA NEMA NU2-2001%92E 73 Philips
GEMINI PET/CT 2/ 9] A8 2 406%, A3 F AE
3} #31 NECR2 7} 889 keps @ 12.9 kBag/mL, 34.3 keps @
8.84 kBa/mL°l21t}. Surti 5~ Philips ALLEGRO PET¢l| ths}
o AeHIE alEdl AR 0%, AL F Ased AL
NECR-2 72} 83 keps @ 1369 kBg/ml, 30 keps @ 9.25 kBa/mL
BA B Q7 Aot A dAeek SR Surti 52 <A
% 410~665 keV, AGAF7F A2 3% 2104 <&
g 2224 NEMA 3R QAT o] the 52 33
A AL & Ao’

Model Crystal size (mm) Transverse/Axial resolution at tcm radius (mm)
ECAT EXACT 47 6.75x6.75x20 6.6/6.2
GEMINI 4x6x20 53/6.5
HiREZ® 4x4x20 4.86/4.44
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Table 4. Default setting of PET acquisition and comparison of Scatter fraction and peak NECR.

Scanner Crystal Coindidence window (ns) Energy Window (keV) Scatter fraction (%) Peak NECR (kcps)
ECAT EXACT 47° BGO 12 250~ 650 49 26.4
GEMINI GSO 8 409 ~ 664 40 889
HIREZ” LSO 45 425~ 36 89.4
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