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Abstract

Purpose: This study evaluated the usefulness of using a single annulus phantom for daily quality assurance (DQA) of two PET/CT
systems with different specifications and axial field-of-view (AFOV) lengths. Because of differences in AFOV, system-specific ®#Ge
annulus phantoms of different sizes have conventionally been used for each scanner. Materials and Methods A 55 MBq ®Ge annulus
phantom (Eckert & Ziegler Isotope Products, Germany) was used for both the Discovery Ml and OMNI Legend PET/CT systems (GE
Healthcare, USA). Based on the manufacturer’s recommended DQA program, PET detector status was monitored over 60 working
days before and after the transition in phantom use and evaluated using visual inspection and parameter reports. For image analysis,
the NEMA |EC Body phantom was prepared with a 10:1 sphere-to-background activity ratio according to the EARL recommendation.
Images were reconstructed using Q.clear+TOF+PSF, Q.cleartOSEM+PSF, TOF+PSF, TOF, OSEM+PSF, and OSEM, in accordance with
the institution’s standard torso imaging protocols. Statistical analysis was performed using R. Results: DQA results showed minimal
changes in the major parameters: coincidence mean (-0.1%), coincidence variance (0.4%), singles mean (-0.5%), singles variance
(-0.3%), block busy mean (3.0%), timing mean (2.1%), and energy shift (-1.1%). Paired t-test results showed no statistically significant
differences (P > 0.01). In the NEMA IEC Body phantom analysis, maximum recovery coefficient (RC) values varied from -0.31% to
0.63% compared with individual phantom use, while mean RC values ranged from -0.13% to 0.10%. These differences were also not
statistically significant (P > 0.01). Regarding radiation safety, the operator’s annual external exposure was estimated to be 15.124 uSv
for phantom handling and 1.089 uSv/m during transport. The average annual external radiation exposure was approximately 100
uSv when the total transport distance was 77.94 m. Conclusion: This approach may improve the efficiency of radioactive source
management and provide economic benefits by reducing the cost of purchasing multiple sealed sources. These findings suggest that
the integrated use of a single annulus phantom is a practical and efficient strategy for quality control in PET/CT systems.
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2 o)A AFE-5}AL Q1= Discovery MI (General Electric Healthcare, USA) PET-CT ZH| S 0]-£5}%1 21, OMNI Legend (General
Electric Healthcare, USA) PET-CT JH| & 9| 3F 2% & (Eckert & Ziegler Isotope Products, Germany) 55MBq= AHE-5HA T 2] 2l 2k
o g o] MFEAFE2 of2iet ZThFig. 1,2) (Table 1, 2).

Fig. 1. PET-CT systems used in this study: (a) Discovery MI PET-CT and (b) OMNI Legend PET-CT.
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Fig. 1. PET-CT systems used in this study: (a) Discovery MI PET-CT and (b) OMNI Legend PET-CT. (continued)

Table 1. Characteristics of PET-CT

Discovery MI OMNI Legend
Scintillator material LBS-Lutetium Based scintillator Digital BGO with SiPM
Scintillator dimension 3.95mm % 5.3mm x 25mm 4.1mm % 4.1mm * 30mm
Axial field of view 20cm 32¢m
Transaxial field of view 70cm 70cm

PET transaxial spatial resolution

PET axial spatial resolution

Sensitivity

Scatter fraction

Coincidence window

CT Minimum slice thickness
CT spatial resolution
Number of slices

FWHM@]1cm: 3.9mm/2. 1mm
FWHM@]10cm: 4.4mm/2.1mm
FWHM@]1cm: 4.4mm/3.4mm
FWHM@10cm: 4.7mny/3.4mm
7.5 cps/kBq
41%
4.9ns
0.625mm
0.28mm
128

FWHM@]1cm: 3.9mm/1.4mm
FWHM@]10cm: 4.4mny/1.5mm
FWHM@]1cm: 3.8mny/2.5mm
FWHM@10cm: 4.2mm/3.0mm
11.8 cps/kBq
35%
6.5ns
0.625mm
0.28mm
128

Fig. 2. Ge-68 Annulus phantom used for (a) Distd{/efy MI PET-CT and

(b) OMNI Legend PET-CT.
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Table 2. Characteristics of Annulus phantom

Annulus phantom for DMI Annulus phantom for OMNI

Volume (mf) 1260 1580

Diameter (mm) 135 135

Height (mm) 300 370

Radioactivity (MBq) 55 55

manufacturer Eckert & Ziegler Eckert & Ziegler

2, PETYAER S

Discovery MI PET-CT | £ 0]-85}9 o r A ZAto| A P 15H= PETYAEARZ o2 g0 PET@% 19] SR AJEfE =H

513 4 HEEOR AT 4 9 A2 L o lolel S HuME Agstn BsksickFie 319 B BN RS
SJsh 274, Au] A7 571812 Slo] @x18 2 Askeln $ WE WA A5 Y ML Aol 7} 2 %XE EEFES
4/gsto] o] 71E ARY =4S Blalstal AFERES 0] SREHH 2oFHT|(View Summary)E &5F0] =4 7]E H] w5}o]
JeE A JeE Lrebs Brehd 2lo] 71 E4eke) Bt 318 W) M=t A Aol 7|2 E4oke) A}
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Fig. 3. Setup of the annulus phantom on the scanner bed for daily quality assurance(DQA).
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Fig. 4. Daily Quality Assurance(DQA) current detailed reports and evaluation results.

3. NEMA IEC Body Phantom
3] E A4 (Recovery Coefficients)i= F-& |4 S 1K(Partial volume effect)2} Z-2 2.R10] oJsl| Y& W= WAV QR E4 A=
B5}7] $Igt Zloltt. AA| BAbs-9] sxoll thsh S HAFs 2] FE2A] ofefjel Zo] JEE| o 3|5 A|4= NEMA 2002

pup=Ne]

d [EC 1998 Eol|A] Aoket th 2 4] ATH10-11]. =5 EARL-S 2019 *F PET-CT Q1 ZAt%Fe] E29l Standards2 AFS-S 71
S} CHTable 3)[12].

_ ACy—ACgq

~ AC-ACg Eq. 1

RC

RC - Recovery concentration for a ROI

ACw - Radiopharmaceutical activity concentration measured in the ROI (Bg/mf)

ACsq - Radiopharmaceutical activity concentration measured in the ROI of BG (Bg/mf)
AC: - Radiopharmaceutical activity concentration inserted in the ROI (Bg/m()

ACsc — Radiopharmaceutical activity concentration inserted in the ROI of BG (Bg/mf)
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Table 3. SUV Recovery Coefficients for ¥F standards2 effective as quarter 3 of 2020

NEMA IEC phantom spheres 18F standards2 RCs
Diameter () Volume (m{) max mean
37 26.52 1.05-1.29 0.85-1.00
28 11.49 1.01-1.26 0.85-1.00
22 5.57 1.01-1.32 0.80-0.99
17 2.57 1.00-1.38 0.76-0.97
13 1.15 0.85-1.22 0.63-0.86
10 0.52 0.52-0.88 0.39-0.61

EANM Research Ltd (EARL)0|A] 5= HARSs = 7|&0 2 A A5}7] 9|5 NEMA IEC Body & (Diameter 194 mm, volume
9700 cm)2] Sphere 671101l *FE 20 kBg/ml, ¥l A0l 2 kBg= FUoto] Ao A =9 3 EA¢E 7|E 0= v SHALE 2]
H]&0] 10:10] | =& FE 5] A)5to] sHElof] =45t th(Fig. 5)[13].

Discovery MI PET-CT 7|7] & 0|85} o, sHE-& FOVol SY0l YA AIZ] & CTHAS 29 TorsoZ Y nietr|ej o} 22
719} 120 kV, ¥ 5 Auto mA (Min 10/Max 100/Smart mA), 0.5 s/rotaion, Pitch 0.984:1, speed 39.37 mm/rotE ©|-8-5t0] FA-= &SR,
PETH/S T 0F2E71A] 2 matrix size 256 X 256, Slice thickness 3.75 mim, interval 2.79 mm, diameter 50 ¢m, Q.clear Quantitation 500, U™ A=
iteration 3, subset 16, step & 12022 1 step PET /= & 5513 th WE G4 5 T CTY/dS °ol-85to] PETF = A4l A of

ik,
5. 2324

GE HealthcareAF2] TH=-8 AW (Advantage Workstation) 4.7 2~ E o] I 2 7138 (General Electric Healthcare, USA)=- ©]-2-5}%] PET
G CTYS & & CT F/dollA 67 F-9] 2710 A A 2 A ste] 575 th(Fig. 6). T3 W 7HE ARgollA]
E3 A8 A8 AZ Q.cleart TOF+PSF, Q.clearHtOSEM+PSF, TOF+PSF, TOF, OSEM+PSF, OSEMZ A71/d3}3L Q.ClearS A 2] 5
Aol = B2 of| A AF8-5H= Gaussian filter (Full Width at Half maximum, FWHM) 5.0 mm 271 © 2 Z}7} JARS BA5191 T R ver4.2.0
(The R Foundation) SA+A] 271842 o]-8stof 2| /d B, €5 TE o] AME /3 AT thSE 2 -7 7 (Paired t-test) 4] = of

ATk
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D=7 xWFx fsesxz

X e~Mdt Eq.2
Do — Radiation dose rate at 30 cm (USv/d)

D — Annual average radiation dose for quality control

WF — Ratio of working days in a year

Y —Ratio of years during the period

A\ —Decay constant

t—Time

24

1. 2 TS S8t AL20] 2 PETAYEEES

PETUNEARZS B9 WES A8 AHS oI9S tieh 58 ALS3IGE o) HNTA 02 2 o] S Bolx) it AL 4 A
37130229 BE AlzAe] 2okE Eato] FA WA HlE, T WA u]&, B ARG AR, Elold wal, A9 Wist 5 B
5 A7 Aol m s gto] 7% Eaete] B3t 518 Wl Al Helsioitt YNEARE x2 Tl ATsHe A st

o)

3} /g5to]] thet # Al 342 Coincidence Mean -0.1%, Coincidence Variance 0.4%, Singles Mean -0.5%, Singles Variance -0.3%, Block
Busy Mean 3.0%, Timing Mean 2.1%, Energy Shift -1.1%2 5751310 ™ t-3- X & t-73 % (Paired t-test) 23} PEFS 25 0.01 0]/Fo.2
EAZ 02 oJu] 9l 2to] S HolA| k= A2 215 THTable 4)(Fig. 7).
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Table 4. Discovery MI PET-CT Daily Quality Assurance Current Detailed Report

Item Low Limit High Limit Current P-value
Annulus Phantom for DMI Coincidence Mean 3169.78 £7.90 357453 £8.92 3370.36 £6.26 -
Coincidence Variance 291.97 £1.08 393.55+0.00 337.64+0.76 -
Singles Mean 58324.57+40.82 6577028 £46.05  62729.07 £480.64 -
Singles Variance 246.84 £0.08 278.36+£0.09 264.64 £1.34 -
Block Busy Mean 0.00002 £ 0.00 0.01451+£0.00 0.00668 +0.00 -
Timing Mean -0.07968 + 0.00 0.04032 +£0.00 -0.01992 £ 0.00 -
Energy Shift -8.00+£0.00 8.00+£0.00 -0.29+0.20 -
Annulus Phantom for OMNI Coincidence Mean 299144 £2.29 337333 +£2.58 3177.74 £5.28 0.842
Coincidence Variance 282.17+0.00 380.60 + 0.00 327.63+0.84 0.795
Singles Mean 51587.08 £234.52 58172.66+264.46 55213.25+480.28 0912
Singles Variance 225.95+0.49 254.80+0.55 24147+1.24 0.887
Block Busy Mean 0.00003 £0.00 0.01883 £0.00 0.00892 +0.00 0.954
Timing Mean -0.07847 £0.00 0.04153 +£0.00 -0.01921£0.00 0.988
Energy Shift -8.00£0.00 8.00+0.00 -0.46 +0.35 0.884
DMI Phantom Coincidence Mean OMNI Phantom Coincidence Mean
3700 3500
3600 3400
S0 3300 e
3400
3200
3300
3200 3100
3100 3000 —
3000 2900
2900 2800
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
—— | OW Limit —e— Hich Limit Current —— | OW Limit —e— Hich Limit Current

DMI Phantom Coincidence OMNI Phantom Coincidence

Variance Variance

450
400

400

350 O

300 . 300

250 250

200 200

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

—— QW Limit —ee— High Limit Current —— QW Limit —ee— High Limit Current

Fig. 7. Comparison of PET Daily Quality Assurance(DQA) parameters between individual phantom and integrated
phantom use in Discovery MI PET-CT over 30 working days.
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DMI Phantom Singles Mean OMNI Phantom Singles Mean
68000
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66000 — ~
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64000 »
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DMI Phantom Singles Variance OMNI Phantom Singles Variance
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Fig. 7. Comparison of PET Daily Quality Assurance(DQA) parameters between individual phantom and integrated
phantom use in Discovery MI PET-CT over 30 working days (continued).

Korean Journal of Nuclear Medicine Technology 9



Quality Assurance Evaluation of Integrated Quality Control Radiation Source Usage in PET-CT with Different Axial Field of View

DMI Phantom Timing Mean OMNI Phantom Timing Mean
0.08 0.08
0.04 0.04
0 0
-0.04 | | B -0.04
-0.08 -0.08
-0.12 -0.12
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
— | OW Limit —ee—High Limit Current —— L OW Limit —e— High Limit Current
DMI Phantom Energy Shift OMNI Phantom Energy Shift
12.00 12.00
8.00 8.00
4.00 4.00
0.00 = : 0.00
-4.00 -4.00
-8.00 -8.00
-12.00 -12.00
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Low Limit — e Hich Limit Current Low Limit High Limit Current

Fig. 7. Comparison of PET Daily Quality Assurance(DQA) parameters between individual phantom and integrated
phantom use in Discovery MI PET-CT over 30 working days (continued).

2, 2hd R S8 ARSf| IE 2|= A1

o
S5t o] Aol 2 We ARE §3of| w2 NEMA IEC Body W GAH] 3|8 A4 Aukd o g 2 xjo]7} giict. 3
EAS gk 7 AFgoll H|sl - Q.Clear+TOF+PSF -0.021 (-0.31%), Q.CleartOSEM+PSF -0.013 (-0.20%), TOF+PSF 0.004
(0.06%), TOF 0.040 (0.63%), OSEM+PSF -0.007 (-0.10%), OSEM -0.006 (-0.09%) =75t 1 3] 84|14 HEZHS Q.Clear+TOF+PSF
-0.004 (-0.08%), Q.Clear+OSEM+PSF 0.005 (0.09%), TOF+PSF -0.006 (-0.13%), TOF 0.002 (0.03%), OSEM+PSF 0.004 (0.09%), OSEM
0.005 (0.10%) 75t th(Fig. 8, 9). FFAZIA 2 |7/ 71R 0] 2 4l71H 45 3 5A 47t S7F5to] EARL F QIZAMR]
Standards2°l| T Z3e}A| ®igtet= S Eelstlor g se o] /i AFgat 53 AR 3l 5 A0 oS 22 7 A3t p3to]
0.01 0|22 FAZ O & oJu] 9l= x}o] & Ho|x] o= A& &RIstATHTable 5)(Fig. 8).
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Table 5. Discovery MI RC according to DMI Phantom and OMNI Phantom uses

Sphere Q.clear Q.clear
diameter TOF PSF OSEM PSF TOF PSF TOF OSEM PSF OSEM
RC max 10mm 0.90 0.81 0.84 0.81 0.72 0.68
DMI Phantom 13mm 1.11 1.14 1.10 1.02 1.13 1.02
17mm 1.19 1.17 1.08 1.07 1.13 1.10
22mm 1.13 1.13 1.07 1.06 1.06 1.03
28mm 1.12 1.14 1.07 1.14 1.04 1.07
37mm 1.20 1.12 1.15 1.14 1.15 1.13
RC max 10mm 091 0.81 0.84 0.81 0.72 0.69
OMNI Phantom 13mm 1.11 1.15 1.10 1.03 1.13 1.02
17mm 1.18 1.16 1.08 1.08 1.14 1.10
22mm 1.13 1.13 1.07 1.01 1.05 1.03
28mm 1.13 1.14 1.07 1.14 1.05 1.08
37mm 1.21 1.12 1.15 1.14 1.15 1.12
RC mean 10mm 0.67 0.55 0.58 0.58 0.55 0.52
DMI Phantom 13mm 0.87 0.77 0.77 0.68 0.80 0.71
17mm 0.88 0.83 0.77 0.74 0.77 0.73
22mm 0.90 0.87 0.80 0.79 0.77 0.76
28mm 091 0.90 0.87 0.87 0.84 0.83
37mm 0.97 0.95 0.95 0.92 0.91 0.89
RC mean 10mm 0.67 0.55 0.58 0.58 0.56 0.52
OMNI Phantom 13mm 0.86 0.77 0.76 0.68 0.79 0.70
17mm 0.88 0.83 0.77 0.74 0.77 0.73
22mm 0.90 0.87 0.80 0.79 0.77 0.76
28mm 0.91 0.90 0.87 0.87 0.84 0.83
37mm 0.97 0.94 0.95 0.92 0.91 0.89
P- value 0.062 0.038 0.055 0.041 0.078 0.112
DMI Phantom RC MAX OMNI Phantom RC MAX
1.40 1.40
1.20 ¢eteoa. PTG b 1.20 Y [T, PR Sl =
oo Pl gaitis K iaseigriiiieeed ';;;w“l . T TR ,','“,T.".T.‘.Z.-;'r‘i-‘""“_"
0.80 0.80
0.60 0.60
0.40 0.40
0.20 0.20
10mm 13mm 17mm 22mm 28mm 37mm 10mm 13mm 17mm 22mm 28mm 37mm
se’l++ QCFX-S *+@++ QCHD-S++ @+ VPFX-S VPFX sodl++ QCFX-S *++M++ QCHD-S+ -+ VPFX-S VPFX
eeolles VPHD-S «+ @+« VPHD RC Min RC Max eedll e+ VPHD-S «--M-+ VPHD RC Min RC Max

Fig. 8. Maximum(RC max) and mean(RC mean) recovery coefficients for Discovery MI PET-CT reconstructed with various
algorithms, compared between individual phantom and integrated phantom use.
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DMI Phantom RC MEAN OMNI Phantom RC MEAN
1.20 1.20
1.00 1.00
0.80 0.80
0.60 0.60
0.40 0.40
0.20 0.20
10mm 13mm 17mm 22mm 28mm 37mm 10mm 13mm 17mm 22mm 28mm 37mm
cee@es QCFX-S +++@++ QCHD-S+++®@++ VPFX-S *++@++ VPFX ceeg@es QCFX-S ++@++ QCHD-S+++®++ VPFX-S *++®++ VPFX
+e+@++ VPHD-S + - @+« VPHD RC Min RC Max eee@es VPHD-S ¢+ @ ++ VPHD s RC Min RC Max

Fig. 8. Maximum(RC max) and mean(RC mean) recovery coefficients for Discovery MI PET-CT reconstructed with various
algorithms, compared between individual phantom and integrated phantom use (continued).
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Hqog 7P Y =2 Az el ] o 5%, F 1022 F7kotal 28t o] FAIZRS AdRle] it =B &5 n|E| G 0.722 2 st

[15].

2
%
>.

Fig. 9. Measurement of radiation dose rate at the operator’s position using a portablé radiation monitor.
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2ol 7 ALg Al ZF HpETE 7t PETCT AH]71A| o] A2 A3 £40 % 16met 53 AL A] % 23m APgaigit PET
CTol 24 W 25 9 salo] wheh e A Sfe] o) upA ke WZH B 15124 pSvo] o] Lxtol mhe} ke o n) )
ApA1ERE BE] g 137H 532 1,089 Sy, FHIQlo] Tieh o] 5 E habilake nle] W7k B 0,083 uSvi2 LEFSITHTable 6).

Table 6. Radiation dose for mounting and transportation

(Unit: puSv) Operator’s annual average radiation dose Bystander’s annual average radiation dose
Radiation dose for mounting 15.124 -

Radiation dose for distance(/m) 1.089 0.083

Radiation dose for Quality Control 36.904 1.660

(distance 20m)

Radiation dose for Quality Control 69.574 4.150

(distance 50m)

Radiation dose for Quality Control 100.000 6.469

(distance 77.94m)

0|2 Esto] A|ete] 2 2y WE] 29 2)7177.94 mY ) A =2 S 9)3h a7t it @ u]E HhabAERo] 100 uSvyS el
SHITH16). 2HolM = Hevte] A= W W7t ot o R o] Z AN 70 ARG Al 32.547 pSv, 59 AR AJ 40.170 pSvol
™ Z10f| gt x}o] &= 7.623 pSve| th(Table 7).

Table 7. Radiation dose according to individual and integrated usage in National Cancer Center

Individual use Integrated use Difference
Annual average radiation dose 32.547 uSv 40.170 uSv 7.623 uSv

T3 3H e o] B3 ARgof thE A&t} QI 3 o] W7 vh= 7R Ql ek ARFe 2025 5 B TiE A- A e
< 125to] o= AAE A LS HYE NUREG-1530 H]-&-3H 2] 24 7|2 5200 dollar per person-rem2ke] H|+= 0.00122
0} A LEFSTHTable 8).

Table 8. Comparison of radiation dose between NUREG-1530 and NCC

NCC(2y) NUREG-1530 Ratio
Person-rem 0.0017 1 0.0023
Dollar 7592 5200 1.4600
Person-rem per 5200 dollar 0.0012 1 0.0012

nEYEE

AZAZ} BB AEBE Algsto] 271402 THE BeH 5 93 Aoke] o7} 1 Bl BY W 172 5 93 A
oF7} A 2 thE PET-CT H] 2thol] &2 ARg-sko] ®71e PETY/AE2 253 NEMA IEC Body ®E A3} 7-2]n0] gt 2}o] £ o] 7|
I9FT}. 3 PET.CT AR T Al47te] 89 WY & 24 727k 7704 mel A9 AE S 913 a7 B )= At
o] 100 pSvelE ERIst3lt). 2ol M= Aletel Tl o] 7H4 Q1 At A ko] 21871 0.0017 person-rem per 7,592 dollars 1]
= A2 74 2) 93] NUREG-15302] 5,200 dollar per person-rem2} B] 5}0d 0.00128] 2 1] n]s}o] H]-&-3Ho] B A oj|x] ZA|4do] U

oA = ZHe A ZAL] & WHeE Alok7} T PETCT AHH| 2 AP S 5lo] of 2] A 2AFe] PETLCT 4| 2] &
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o] A=l AJgto] 9107 PELCT 24 Ziol =22 913 2|95 ALITFS B W) Sistel 89 WY
7HS oA A1NHS o] gte] A4 Aok HAMIE Atole] TS A SAL WAMI B Mg S0 AHg S Tefst

2 17 Fafo] Y] YAI) B840l 202 Hulol phe)z], 9TA o5 HAlH Hely U 4B Ho| 7|37}
Aoz Azgd,
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