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ABSTRACT

Purpose: PET-CT imaging require an appropriate quality assurance system to achieve high efficiency and reliability. Quality control
is essential for improving the quality of care and patient safety. Currently, there are performance evaluation methods of UN2-1994
and UN2-2001 proposed by NEMA and IEC for PET-CT image evaluation. In this study, we compare phantom images with the same
experiments before and after PET-CT 3D normalization and well counter correction and evaluate the usefulness of quality control.
Materials and methods: Discovery 690 (General Electric Healthcare, USA) PET-CT equiptment was used to perform 3D normalization
and well counter correction as recommended by GE Healthcare. Based on the recovery coefficients for the six spheres of the NEMA
IEC Body Phantom recommended by the EARL. 20kBg/m of *F was injected into the sphere of the phantom and 2kBg/m¢ of *F was
injected into the body of phantom. PET-CT scan was performed with a radioacitivity ratio of 10:1. Images were reconstructed by
appliying TOF+PSF+TOF, OSEM+PSF, OSEM and Gaussian filter 4.0, 4.5, 5.0, 5.5, 6.0, 6,5 mm with matrix size 128 X128, slice thickness
3.75 mm, iteration 2, subset 16 conditions. The PET image was attenuation corrected using the CT images and analyzed using software
program AW 4.7 (General Electric Healthcare, USA). The ROI was set to fit 6 spheres in the CT image, RC (Recovery Coefficient) was
measured after fusion of PET and CT. Statistical analysis was performed wilcoxon signed rank test using R. Results: Overall, after the
quality control items were performed, the recovery coefficient of the phantom image increased and measured. Recovery coefficient
according to the image reconstruction increased in the order TOF+PSF, TOF, OSEM+PSF, before and after quality control, RCmax
increased by OSEM 0.13, OSEM+PSF 0.16, TOF 0.16, TOF+PSF 0.15 and RCmean increased by OSEM 0.09, OSEM+PSF 0.09, TOF
0.106, TOF+PSF 0.10. Both groups showed a statistically significant difference in wilcoxon signed rank test results (P value<0.001).
Conclusion: PET-CT system require quality assurance to achieve high efficiency and reliability. Standardized intervals and
procedures should be followed for quality control. We hope that this study will be a good opportunity to think about the importance
of quality control in PET-CT
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Fig. 1. Discovery 690 PET-CT scanner was used in this study.

Table 1. Characteristic of the PET-CT

Diameter of gantry (cm) 70 Field of view transaxial (cm) 70
Detector crystal LYSO Field of view axial (cm) 15.7
Number of blocks 256 Slice thickness (mm) 3.27
Dimensions of crystal: 42x6.3 %25 Number of slice 47
transaxial x axialx radial

Number of detector rings 24 Coincidence windows (1ns) 49
Diameter of rings (cm) 81 Temporal resolution (ns) 10
Spatial resolution (mm) 49-643 Energy windows (keV) 358-664
CT multislice 64 CT—Scout (kVp) 120
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2. 3D Normalization & Well counter correction

GE Healthcare©l| A #115}+= flood phantom (**F, 20 MBq), phantom holder assembly=- A+25}0] 3D Normalization, Well counter
correctiong 35T 3D Normalization 10,00007141 20,000712] 7HE HZ710]| A= Th wxt FHH, A= ok ARz whe} o
5ok YAt Qe -85 = RS A7 9l 71 24 &89 ol g FA5to] sk 1 o)™, Well counter correction
& == AR e 9 o] A1 Ql= Fo A TRUAE ARSSto] ZF 44 HAlle] SAH 219 =84 ©el(Bym) = 57
H B /43t Atol o] A S S5k I oltk SUVE Alhtslr] el = Bl ©9)9] JA4do] E astal At Waks &
A s mg oAzl 94 A 4o QAL SRR FHALR AR SISk 32 ookl Saeickrie 2,
3)[10].

lo

Fig. 2. Flood phantom and phantom holder assembly (a) were used for both 3D normalization and well counter
correction and figure on the right is a transverse PET image (b).
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Fig. 3. Korea society of nuclear medicine (KSNM) recommend period of quality control through the guidelines for
PET and PET-CT quality control items and measurement methods.
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3. 21=A

S EA|4Recovery Coefficients, RC)+= 242 & THPartial Volume Effect)2} 22 2210 23] S = AP ojerE S ahs B
7got7] 913t Aol thEg. 1). AA| PAks2] Eol Tt 4 E A< %EEH ofziiel Zo] §= =l 0 FE A= NEMA 2002 %
[EC 1998 EZ=ol| ] Aokt th &2 24 =|QITH11, 12]. =3 EARLY] F PET-CT Q12AMS2] T2 standards 1-2 20113 G0l 4] 7o) &
.01 71 0] & Z &= TOF (Time of Flight), PSF (Point Spread Function), T3t 7|5 52 Ad-5-0] 2| @ =L tha AlE 9] 352 /d50]
LEo A AELS 7]HEO 2 S| A= QF & 0] 201910 standards 12 A Tl|0] ESF standards 2 AFS-S- 75 Ch(Table 2) [13].

RC=_ ACL-ACsq (Eq. 1)

ACc - ACcga
RC - Recovery concentration for a ROI

AC:. - Radiopharmaceutical activity concentration measured in the ROI (Bg/m{)

ACsg - Radiopharmaceutical activity concentration measured in the ROI of BG (Bg/mf)
ACc - Radiopharmaceutical activity concentration inserted in the ROI (Bg/ml)

ACcsc — Radiopharmaceutical activity concentration inserted in the ROI of BG (Bg/mf{)

Table 2. SUV recovery coefficients for 18F standards 1 and 2 effective as quarter 3 of 2020

NEMA IEC phantom spheres 8F standards 1 RCs 8F standards 2 RCs
Diameter (mm) Volume (mf) Max Mean Max Mean Peak
37 26.52 0.95-1.16 0.76-0.89 1.05-1.29 0.85-1.00 0.90-1.10
28 11.49 0.91-1.13 0.72-0.85 1.01-1.26 0.82-0.97 0.90-1.10
22 5.57 0.83-1.09 0.63-0.78 1.01-1.32 0.80-0.99 0.90-1.10
17 2.57 0.73-1.01 0.57-0.73 1.00-1.38 0.76-0.97 0.75-0.99
13 1.15 0.59-0.85 0.44-0.60 0.85-1.22 0.63-0.86 0.45-0.70
10 0.52 0.34-0.57 0.27-043 0.52-0.88 0.39-0.61 0.27-041
4. NEMA IEC Phantom

European Association of Nuclear Medicine Research Ltd (EARL)?|A] H15h= WAMs & 7|52 2 AA5t7] 95 NEMA IEC
phantom (Diameter 194 mm, volume 9700 ci)2] Sphere 6701l *FS- 20 kBg/ml, Bl A0l 2 kBqs FU5to] 2|t HAts 529 35
EA4E 7|50 2 v SHAE2] H]&0] 10:10] H & *FE 5]A45}0] phantomol] S5+ ThFig. 4)[14].

(b)

Fig. 4. We used NEMA IEC Phantom (a) recommended by EANM and figure on the right is a transverse PET image (b)
of a NEMA phantom injected with 20 kBg/m{ of *F in 6 spheres and 2 kBq of **F in the background cavity.
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=
53825
GE Discovery 690 PET-CT 7|7]& ©]-8-5}%1 2™, phantom= FOV (Field of View)°l| 54l Y2|A1Z] & CT G2 T 140 kV,

THH 2 auto mA min 40 max 120, 0.5 sec/rotaion, pitch factor 0.9845- o]-&5}o] G/ 9—]%3]- AL, PET YA matrix size 128 X 128,
slice thickness 3.75 mm, interval 3.27 mm, diameter 50 ¢, iteration 2, subset 16, bed T 100 secZ 2 bed PET 94 5513} Phantom

A AT F CT 94 0l 851 PET 942 744187 stich

6. 2124

GE Ate] T=-8 AW (Advantage Workstation) 4.7 A E o] I 2 730 (General Electric Healthcare, USA)S ©]-&5}o] PET 944+

"1 0

CTYYE 8 S CT FAollA 670 F-2] Z7]of] 9HA] ROI (Region of interest) S A3 5t0] S35 Th(Fig. 5). 2021 12 3D

o= '8‘ 2l
Normalization, Well counter correction 5~3 %% phantom®] -2} TOF+PSF, TOF, OSEM (Ordered-subsets expectation maximization)+PSF,

OSEM %! Z}+7} Gaussian filter (Full Width at Half Maximum, FWHM) 4.0 mm, 4.5 mm, 5.0 mm, 5.5 mm, 6.0 mm, 6.5 mn 5 2712 g2jsto] 2}
QA2 A7 F B2 ST R verd 2.0 (The R Foundation) B4 T2 1€ o &3t} A7 i, = 9] 521

o
54 2413 519108 p<0.05E 714 0 2 fola 70| & Lehdir)
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=
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,]

¢

Fig. 5. After fusing the PET and CT images using the AW program for reading by GE (GEAW 4.7), the ROl was set in
the fusion image (b) and measured according to the size of six spheres in the CT image (a).
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1. X1 dhHof| 2 2|5 A1

U5 9] diameter Yol A] ZfTL/d 0] W2 phantom F7/2] 3] &A= HHEH 0 2 Z7}5131th RC 242 OSEM= 7|0 2
OSEM-+PSF 0.01 (1.4%), TOF 0.07 (8.8%), TOF+PSF 0.12 (14%) Z7}5}91 1L RC H#3HS OSEMS 713 2 2 OSEM-+PSF 0.02 (3.1%),
TOF 0.05 (7.3%), TOF+PSF 0.09 (14.1%) 575+ Ch(Fig. 6, 7). A4 W¥io] S/ ol| et 3| =5A47t Z7Fste] EARL F QISA
<! standards 10114 standards 201] A gHtA| HE}oh= A2 216kt T-3-E2 Wilcox test 23 T2 P value= 0.001 2.0t 2o}
EAA 0 2 o]n] 9l x}o] & 2HRl5te] o i kx| 7} -2 OSEM+PSF2| RC Z T3 o] Q1= x}o] & Ho]z] 2tk Table 3).
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(a) Rc max OSEM (b) Rc max OSEM PSF
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Fig. 6. RCmax of the phantom image with reconstruction OSEM (a), OSEM+PSF (b), TOF (c) and TOF+PSF (d)
generally increased at the same diameter value of the sphere.
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Fig. 7. RCmean of the phantom image with reconstruction OSEM (a), OSEM+PSF (b), TOF (c) and TOF+PSF (d)
generally increased at the same diameter value of the sphere.
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Table 3. RC according to reconstruction

Sphere diameter () OSEM OSEM+PSF TOF TOF+PSF
10 043 040 0.54 0.57
13 0.66 0.67 0.81 0.88
17 0.87 092 0.99 1.08
RC max
22 1.01 1.09 1.08 1.16
28 1.04 1.06 1.04 1.08
37 1.14 1.09 1.14 1.09
Wilcox signed rank test - P=0.163 P<0.001 P<0.001
10 0.34 033 040 044
13 0.53 0.55 0.60 0.68
RC mean 17 0.70 0.74 0.77 0.83
22 0.80 0.84 0.84 0.88
28 0.79 0.81 0.83 0.86
37 0.83 0.85 0.85 0.87
Wilcox signed rank test - P<0.001 P<0.001 P<0.001

2. 271822 off HE == Al

Aot 9] diameter 4follA E71 =] 480 W= phantom F/3S] I EA 4 % ZHHEA o0 & Z71519ith EARL BF ¢
SAFF 3] EA 40l TSk box plot 23} o]/dx]= AR A] gtor RC gk 48 Zof| H|s OSEM B+ 0.13 (17.6%),
OSEM+PSF 0.11 (15.0%), TOF 0.16 (21.8%), TOF+PSF 0.15 (18.4%) 5-7}5F% 3L RC B4k 4238 Zdof| H]3l OSEM - 0.09 (11.3%),
OSEM+PSF 0.09 (11.3%), TOF 0.10 (12.5%), TOF+PSF 0.10 (12.8%) Z7F5}31ChHFig. 8, 9). IRIA| 2 B71 =2 48 & 5|54
47} 27151 EARL "F QAZAFYQI standards 191 4] standards 201 2 351A| WHslohe AS oI5t t-2-E 2 Wilcox test 21 &
£ Zroll A Pvalue= 0.001 .0} 2to} BA2 0 2 o]n| Q)= 2}o] & H I THTable 4).

03

o2

}..

o0

afled RCmsx before RCma: amer RCmsan betore RCmean

Fig. 8. No outliers were identified in boxplot of EARL 18F accreditation and RCs.
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(a) after Rc max TOF PSF (b) before Rc max TOF PSF
14 14
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- STRACMin == = 57 R0 M sm—3 R Min —7 R Mat - STRCMin == o= 57 RC M sm—t R Min s—0 R Mt
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< Gmm X 6.5mm *  &mm * 6.5mm
(C) after RC mean TOF PSF (d) before RC mean TOF PSF

1.2 1.2

1

08
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0.4

0.2

0 o
10mm 13mm 17mm 22mm 28mem 3Tmm 10mm 13mm 17mm 22mm 28mm 37 mm
- G RCMIn = = 1 R Mar s—2 R Min s—t7 R Max = e SIRCMin = == 5] RC Mt sm52 RC Min ss— 50 RC Max
* 4mm 5 45mm + Smm 4~ 5.5mm *  dmm = 4.5mm + Smm 4 5,5mm
% Gmm ¥ 6.5mm * Genm X 6,5mm

Fig. 9. Both RCmax and RCmean increased (a, c) compared to before quality control (b, d) at the same sphere
diameter value.

Table 4. RC according to quality control

Sphere diameter (mm) OSEM OSEM+PSF TOF TOF+PSF

RC max 10 0.33 0.32 0.43 0.48
before quality 13 0.54 0.58 0.64 0.76
control 17 0.86 0.89 0.84 0.93
22 0.92 0.97 0.93 0.94
28 0.86 0.89 0.89 0.90
37 0.87 0.90 0.87 0.94
. 10 0.43 0.40 0.54 0.57
Sgnﬁgf after quality 13 0.66 0.67 0.81 0.88
17 0.87 0.92 0.99 1.08
22 1.01 1.09 1.08 116
28 1.04 1.06 1.04 1.08
37 114 1.09 114 1.09

Wilcox signed rank test P<0.001 P<0.001 P<0.001 P<0.001
10 0.28 0.27 0.33 0.35
13 0.43 0.44 0.48 0.53
RC mean before 17 0.62 0.68 0.64 0.72
quality control 22 0.68 0.71 0.71 0.74
28 0.72 0.73 0.76 0.77
37 0.78 0.79 0.80 0.82
10 0.34 0.33 0.40 0.44
13 0.53 0.55 0.60 0.68
RC mean after 17 0.70 0.74 0.77 0.83
quality control 22 0.80 0.84 0.84 0.88
28 0.79 0.81 0.83 0.86
37 0.83 0.85 0.85 0.87

Wilcox signed rank test P<0.001 P<0.001 P<0.001 P<0.001
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na
3D Normalization, Well counter correction ¥ phantom /g0l 4 2] 3] 5A4> gho] ¥ 0 = AF5siqitt Hrte| = 52488 E
Sote shue] WHHo| L M 5o] A2 4 Al7|aL ko] P & T Roh=t] P42Ql ol 717 o] xEeHE 27]9} a2

£ m2= Zo] PR3 15]. GE Discovery 600t ©]5He] ZJH| 52 7|24 O 2 %Ge pin sourceTt Al-5-%]©] *F flood phantome 55

of SRl B71 =] E siof 5}t 2 A1 GE Discovery MI H|E-2 A|5-%]+= ®Ge cylinder (Annular) phantom< ©]-&5}°] 3D
Normalization, Well counter corrections W= A =32]7} 7H55HTH 16]. =S A ZAM A = Al o 2] 7]l A AF8-%|+= Discovery
700t AH]S A]ZFO.Z 3D Normalization, Well counter correction”} 22} A7ZAF7|S 742} FH AJe] Aoz A= AT EY
o] o] E mljx] e} elof thgt 1S o]l 9o WY Aol A E Ak Hxke] QFAlo|u 815 =] Afo|EE o83t
of Al&2 Q1 #AS 7]&0]al Qlt} EARL "F standard 2+= VOI (Volume of Interest) 7|52 2 H5EAL 1 9L GE Discovery 690 ¢!
AE GA ROI 7|E L& A3t BT 2 13Z AR86to] kBgmle EE31 AL Tof Sh= H|e] & oFltH17). o]oll thsto
B Aol Mz 2 Aehe ghe duat x| galo] PaArgel g 72 285t 5 Al ZAF 3D Normalization, Well counter
correction HL HAF717} 37] D o] |7t AL FA| A|ZARR}E 2ol A1) AP o & Qlsto] 31 o] 4 4= =] %] ZstTt. ofof whet
A ZAN A = At A3t gholl 2 T3l get 2AS st AAF70l ghs A A3 W2 & She Aol A= drtel g 4= 9l
Thal Y ZHEnh &2 A5 5510 PET-CT A|AEIOA A 2| e] S/l tish A thA] 3F ' AZH & 4= Q= 2 7127 =gl e

& Lol A= PET-CT 3D Normalization, Well counter correctionsr 5~85}17] A5 5L S NEMA IEC body phantom A 551
WY IS v wstar =] o] f-8/dof tisto] 71skarA} sHSITt. 3D Normalization, Well counter correction 3 phantom %/l
A19] 3] 5A4> ghol MuHA o 2 AF5oleitt. Hrate]= S E BEohe shue] ol 1l Mg Ag 4 Al7|aL 2Ate]
Qg Rstd ol olnl A7l 4e) EEEE 77190 A et o] Bast)
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