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ABSTRACT

Purpose: This study aims to identify SUV, SNR, spatial resolution, and axial uniformity under the same reconstruction conditions
and to find out the differences between equipment models. Materials and Methods: The equipment was GE's Discovery 600, 710,
IQ, MI(GE Healthcare, USA), and the Phantom used ACR(American College of Radiology) Flangeless Esser Phantom and PET/SPECT
Performance Phantom. The PET/SPECT Performance Phantom injected 18F-FDG at a concentration of 3.8 kBg/mL, and the ACR
Flangeless Esser Phantom made the conditions for Hot Spot and Background activity for 4 : 1. Image evaluation was compared and
evaluated for SUV, SNR, spatial resolution, and axial uniformity with the same reconstruction that added SharpIR of VPHD. Results:
The SUVmax showed a difference up to 4.6% with an average of 2.71, 2.35, 1.89, and 1.43 from Hot Spot 1 to 4, and the SUVmean showed
a difference up to 4.7% with 2.06, 1.75, 1.49, and 1.27. There was a difference up to 5% between equipment, and there was no
significant difference between both SUVinax and SUVimean. SNR showed a difference up to 0.04 with an average of 0.37, 0.26, 0.18, and
0.11. FWHM showed a difference up to 0.27. Lastly, COV of axial uniformity was up to 0.018. Conclusion: SUV showed differences
within 5% between equipment and showed no significant difference. This is considered to be used as basic data that can be used
for the development and replacement of equipment because it has the advantage of being able to observe with a large number of
equipment.
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EANM(European Association of Nuclear Medicine)oll A= 5 1|0l A19] AAMS Ha1stal Qo x| 541 f7do|u HAF LA o]
5 5 Aol EAFIE SUVE &Y AZ3|Atololete AH| o] A ¢lxf E/dol| g Zpo]7h HAshA] &, Al F-o]okEehd g7t
A PET/CT $FA/d 2 A5 7H Al 7ol Egflof| A= | 7F SUVAR] S 10% OJU], H] A|ZAol| A= 5% o]die] x}o]
Hastar QQoh2]. BHY el ] o A 2] ZAL ZHof| = 59 o]Wje] SUV 2fo] & ERIthH, ] S8kl w2 wabhA} 7HsE 7o
of 3 =]w Zu|of] FLofRkz] ohi= A pzto] 7158 Zlolot. AR Eo A= AT Al 5 uol|A|e] AAPZL o] Fo|R| 7] o
nolom, Fd B4 Al T AHlo|Ae] AR} o] FofA| AL St} 2 =0l A= SUV Atolet Bl Eo] A& off 3-8 H](Signal Noise
Ratio, SNR), 57+ £3}|-5(spatial resolution) 12|11 = ¥ A T (axial uniformity)2] B -57|4>(Coefficient of Variation, COV)S <!
Shof 7] Aol whet WAy 4= Sls A ] 2fol & EHelstala} gt

R

ASS 95k A8 2= GE Discovery 600(D600), Discovery 710(D710), Discovery IQ(DIQ), Discovery MI(DMI)(General Electric
Healthcare, USA)Z 5} 2™, 2} ZHd] o] 212 th3- 3 Zth(Fig. 1, Table. 1). B/ H7H o 3HE-2 ACR(American College of
Radiology) Flangeless Esser Phantom, PET/SPECT Performance Phantom 22 5}%{ THFig. 2). 2|t E5 4 3] Al4*(Standard Uptake Value
maximum, SUVim) 2}t - B 413 Al4>(Standard Uptake Value mean, SUVinea), SNR-> ACR Flangeless Esser Phantom= ©]-8-5}0],
spatial resolution®} axial uniformity+= PET/SPECT Performance Phantom-=- ©]-8-5}0] H| . ¥ 7}5}3ich

Fig. 1. The equipment used in this study is GE Discovery (General Electric Healthcare, USA).

Table 1. PET specifications of each PET/CT in this study.

D600 D710 DIQ DMI
Scintillator (Detector rings) BGO(24) Lutetium based(24) BGLS(24) Lutetium based(36)
PM tube 1024 1024 720 544
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A B
Fig. 2. These figures show ACR Flangeless Esser Phantom(A) and PET/SPECT Performance Phantom(B) using this study.

2. A

ACR Flangeless Esser Phantom+> ACR Phantom Study Guideline 710} i} & 4x(Hot Spot)2+ B} & A5 (background)2] WA &
= H]E 412 SFRUTH3]. background©l 18.5 MBqE S45to] 1 &F6FS 11, Hot Spoti> 1 Le] F-74=0| 7.78 MBqE 412 ¥ Hot Spot
1,2, 3, 49] U3}k PET/SPECT Performance Phantom-e 3.8 kBg/mL2] HAMS =2 £ & 102 ikt 292 1 bed G

FPZ7 O =Z 2 bed scan SFUTE. A2 BT 204 2] AZ 915 VUE Point HD(VPHD)E AHE-6H3 2.1, SharplR=
—?—7]'5]-0:] A7 3FATE. scan parameter+ subsets<> D600, D710, DMI ZH]0ll 4] 1622 A5+ 31 DIQ HH|ol|A] 122 A5t

cutoff= 5.0 mm, iterations-= 2.2 A3 % 5} Th(Table 2). VPHD +SharpIR(VPHDs)2] reconstruction loop+= tH-2} ZThFig. 3).

Table 2. Scan parameters of PET reconstruction.

Reconstruction type Subsets Cutoff Iterations
VPHDs 16(12) 5.0 2

[ Deadtime/normal correction ]—>[ Geometry modeling H Randoms correction
L[ Volume scatter correction H Attenuation correction H Point spread function modeling ]

Fig. 3. The process of the reconstruction method used in this study is described in this way.

The Korean Journal of Nuclear Medicine Technology 73



Image Comparative Evaluation by PET/CT Equipment Using Phantom

1 9424

255 ACR Flangeless Esser Phantom %/3"2] Hot Spot 'H 25 mm2] ¥+4] & % (Region of Interest, ROI)S A 5to] SUVE S75+%

o} ROI 472 manual © 2 SHRITh. WA A2 thaak Zoh(Eq. 1). ] 7HHI R E 915 S74E SUViunt SUViers 12 12 H| 1L 24
SFATh(Fig. 4). 11 H]al glo] 5% o] 2to] S HRlrhd 2322 913t | 3 wapgAb} 7ed Zlol2h 7Hd 5t 3ith SNRe
Z7% SUVS} background®] gre] TAIE Fal AI5FATH4]. A A2 th 22 ZThEq. 2.). spatial resolution ¥F2] Z(Full Width at
Half Maximum, FWHM)& 53} 215131 2, axial uniformity+= ROIE 18 578t background®] B2+ COVE H| 5Tt COV
€ A FES UElE 21 #o|thEq, 3). FEol 22 Hlalwolis EEHALE o-&sto] 4t H =S F7IHAITE, & oltolA
o} 7} 7| 7 =0 Fato] B th27] wiEel COvE ©]-&sh3ith

Fig. 4. We set ROI from phantom images obtained from PET/CT equipment.

(Concentration of Tissue(MCt /, )

SOV = Eq. 1
18F — FDG injectedDose(mCi)/Patient’s weight(g) 4
ROI SUV — Background SUV
NR =
SNR ROI SUV + Background SUV Eq.2
ROI Standard Deviation
cov = ROI average Eq 3

2. &4 24

B/d SARA]2 SPSS Statistics 20(IBM, Corp., Armonk, NY, USA)S: ©]-85191 0.0, e 2 SUVia2t SUVinen2] 7-2J5H 2}0) S 2}
QIsHATt. AFE 2492 Mann-Whitney U test= 50l A ATt

3. G Y

o2 2ol A AR A4S Z D600, D710, DIQ, DMI ZH]of| A A H2HS B2 0 2 Ak 255 tid o 2 513ler, 2
i ojujol] S FA 07 HARE xSt o2 AdAsto] A5t #49S 913l muscle, lung, liver©l] ROIE A7 510
SUVix2t SUVinearer H| 22511 TH ROI= lung ™ muscle®l| 4] 25 mme] ROIE- A3 A, liverol A+ 60 mme] ROIE A5+

= 20
ChFig. 5). WE 943} ob71A) 2 ROL A2 manual © 2 31T

o
2.
=

The Korean Journal of Nuclear Medicine Technology 74



Image Comparative Evaluation by PET/CT Equipment Using Phantom

Fig. 5. We set ROI and analyzed the images of follow-up patients by four equipment.
b | jl_l.
1. SUV E7}

ACR Flangeless Esser Phantom B2 55l SUVinw, SUVnensr S5 53] MY A & HF GO R vju BAsH3 o ZAx}
£ the- 7 Zreh(Table 3). 4] 7HSUVS H| 23S W) SUVima= Hot Spot 15-E] 47FA] Z|th 3.0%, 4.6%, 3.1%, 2.8%2] 20| & H 1,
SUVimeari> ZTH 4.7%, 4.6%, 3.3%, 4.1%2] x}o| & Hof 7] 7k xjo]7} 2|t 5% o|Ujd& & 4= AhFig. 6). E3h, SUVaax@H SUVinean
2% 7] 7HR0)3HE p>0.055 2ol R2]5t xjo| 2 Holx] oot

Table 3. Experiment of results SUV.

D600 D710 DIQ DMI Diffiax
SUVinax Hot Spot 1 2.70 2.76 2.68 2.72 3.0%
Hot Spot 2 2.30 2.39 2.29 24 4.6%
Hot Spot 3 1.87 1.83 1.88 1.90 3.1%
Hot Spot 4 1.41 1.45 1.41 145 2.8%
SUVinean Hot Spot 1 2.01 2.07 2.05 2.11 4.7%
Hot Spot 2 1.72 1.80 1.73 1.76 4.6%
Hot Spot 3 1.46 1.51 1.50 147 3.3%
Hot Spot 4 1.26 1.27 1.26 1.30 4.1%
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Fig. 6. We compared the values of SUVs for Hot Spot of each equipment.
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2. SNR 7}

SNR- ACR Flangeless Esser Phantom ©]-85}0] 2HQ15F SUVS} background®] 4t &3l H] L B 75131 2.1, Hot Spot 1, 40014+
2} 0.022] 2Fo| & E 311, Hot Spot 20014+= Z|H 0.042] X}o] S H 9] 0™, Hot Spot 30| A41= Z|th 0.032] 2] & B R TH Table 4).

Table 4. Experiment of results SNR.

SNR D600 D710 DIQ DMI Diffinax
Hot Spot 1 0.36 0.38 0.37 0.37 0.02
Hot Spot 2 0.26 0.28 0.24 0.28 0.04
Hot Spot 3 0.18 0.20 0.17 0.19 0.03
Hot Spot 4 0.11 0.10 0.10 0.12 0.02

3. Spatial Resolution 17}

spatial resolution & 7}5- |3}l PET/SPECT Performance Phantom2] 22.4mm, 17.9mm, 14.3mm2] hot lesion®l| A] horizontal FWHM(Full
Width at Half Maximum)= 75} T}. profile £49-2 Origin Pro 2024 Node-Lock(Origin Lab, USA)E- ©|-8-5}% T} hot lesion ' horizontal
FWHM Z 1442 th2-1} 2t (Fig. 7, Table 5).

P ———
LR / N
LR | . " »
@9 9% 99 o0
.. .. L . -w
.. “ .
D600 D710 DIQ DV
Fig. 7. These figures show Phantom Results tested on four equipment.
Table 5. Experiment of results horizontal FWHM.
Hot Lesion D600 D710 DIQ DMI Diffinax
224 mm 10.17 10.19 10.31 10.04 0.27
17.9 mm 7.46 745 7.46 743 0.03
14.3 mm 6.43 6.45 6.52 6.43 0.09

4, Axial Uniformity 7}

wY = J7H= ROIE 53] 17 & PO =2 v FASIQITh ZHH| 7F H| A 2= COVE ©|-85131 oH, Ho|A|4=Ql CovE B+
= EFUAE U Lo & geo] ohE 271k Bl W& 9|5l ARE-3HT. background®t COV+= D600°IA] 1.0162 0.0055, D710
o A1 1.028} 0.004Z DIQONIA] 1.004, 0.018 ES. 2™, DMICIA] 1.03, 0.006°2.2 LEFHTH(Fig. 8, Table 6). ACR Flangeless Esser
Phantom Guideline®l| 4] 8= axial uniformity B4 22k Hel= 0.9-1.1.02 ] 5% oo 2&H6}3it} COVE D7100A] 7H8
werom pIQollA 71 =3ttt
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Fig. 8. This figure shows axial uniformity results tested on four equipment models.

Table 6. Experiment of results background and COV.

D600 D710 DIQ DMI
Background 1.016 1.028 1.004 1.03
COV 0.005 0.004 0.018 0.006
5. QI A BT}

2 of|A HAKSH EAS F 2 ojujof] IS 52 0 2 AR A4 G402 SUVint SUViens 7151 00 3HE] A
¥} Zko-dhH o 2 | Bl 7ho] 2o & &l & Xt 2}o] S H] W5l ThTable 7). SUVinu@F SUVimene MuscleOll A 4.5%, 2.9%2] &}
0|2 H 31, Lungol| A& 4.4%, 4.1%2] 210] S H ] O™, Liverol| A= 2.4%, 4.0%2] X}o|& Bt A0 A ohe-k Zek(Fig. 9).

Table 7. Experiment of results SUV in patient image.

SUV D600 D710 DIQ DMI Diffina
Musclemax 0.92 0.93 0.89 0.90 4.5%
Musclemean 0.67 0.67 0.66 0.68 2.9%
Lungmax 0.68 0.71 0.68 0.70 4.4%
Lungmean 0.47 0.49 0.48 0.49 4.1%
Livermax 2.87 292 294 293 2.4%
Livermen 242 2.52 2.44 2.50 4.0%
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Fig. 9. The figures are an image of follow-up observation with four equipment in the process of treatment.
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B Aol A= A 3R] SUVE} SNR, spatial resolution, axial uniformity@} 22 /A EZ 2| of| uh2 ] 2d 7ko] 2jo] =

RISttt CT 715:2] 2fojof] w2 SUV ®H&}7} 5% o &2 4] 52 75 4 = A8 =0l te} scintillator, PM tube2} 2+
o] PET/CTE 7+/d5h= H] Al 2] &folof] 2J3k Suve] 2ol & 15T 5], & AdolA = 47119 LT A= SJARe] 7ot )
T/ & AAsto] 5%0lUle] SUV 2to| & E Rl ot A &2 TRE A 2ARS] AH] 9] SUVE H| w6t wfe] Zto]7F e 4= Q=
Z 0= Hol | 2} 2 td Wi el ko] & Qlsf) SuVEte] BEtAlE A& FRIsHITH6]. 2 Aol A= SUVaut SUViea] 2
H] ZF a0l A 2|t 5% o] xto] S BERAX|TH AFoj|A] AR&SE D710x} DMI ZH] 0|4 SUVZH StHA o2 =7 4=+ At
£ H At} o] D600} DIQR} THE: scintillator?] 2H](BGO, Lutetium based) 2 /3 Ch =5k Al of] ARRH 479 24| = DMI %
H]o| A 7Y =2 SUVE EQl=d| ¥HeA] EFle] PM wbeS 485 Aat= Holct & A3S zI8¥sty 27 A% A= 2i+1/d
parameter & D600, D710, DMIH]| O A] subsetsS 1622 A5} 31, DIQZH] oAl = 122 A 51o] AgS A5t Y4t
2 H| g 7bE ol AA| A 2 o] A5, A 5 opeFet Hgrol] et SUVZE ST HollA] 2 =RollA= THE A
< 9 x| =of oigh |47} 2= 2] 2o} lung, liver®} background2] &&o] &= muscle?] AHH P =& v F7l6llch F7H 0=
H o7Lof| A AFE-3F VPHDs2] 7% TOF(Time of Flight)S Y& 5FA] &2 A 1A Wiyl o 2 235 AL A] thofah 2 A of) whg o1t
7hgos Ao s Holth

2E

PET/CTE 9] et X|5A|2, 232 5ol 783l vhd Ak 271 S71skal 9lom, | o] ol whe} thefet ]
ol A1 2] 74*}-%?— o] o] Fof L Rl SHA| Rk AL FH] Al o] ook A7 ’rel| wheh S == suvzE gk 4= 3l
H, ofof] whe} & A= ] L 8 Q| wgrhE Soll ] A 2ol whE 2hol & #elstalzt skl o] = thefRt ul =
Aol 7P—°* A0 ol g=H, nlAgt 2foj2te G/ A Bl whE Zpol= B A FaARRe] E 4 9lE A or o
<, 4H| 5o whE A, gH] E Fol wht gu] 2 7kl vlwvt e s 4 28Uks Rt 7 2AR R AR E AR AR
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