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Abstract

Recently, 18F-FDG PET based CT scan was a critical examination that the after, before plan diagnosis and
treatment of tumors. But, due to the distortion of SUV that should be proportional to the metabolic rate of
glucose in the tumor, the other measurement methods are being on study. In this study, compared the degree
of distortion of SUV that according to the volume of the tumor analysis ROI and VOI using the NEMA IEC
Phantom. The results, the SUVmax, mean value are rapidly decreased with threshold value 500 mm?2 interval of
the ROI analysis, 1500 mm3 interval of the VOI analysis. When compared SUVmax value SUVmean, ROI and
VOI analysis VOI measurements was 1.077 times higher SUVmax was 0981 times highe compared to the
value of the ROl measurement. Compare MTV, SUV 2.0 as measured by the volume of the VOI to Volume
showed a slightly higher results(Volume / MTV = 934 % +148 %). Considering the above results, Tumor
evaluation by 18F-FDG PET / CT scan Consider each threshold value should be analyzed due to larger SUV's
Distortion depending on the size of the tumor. VOI analysis is recommended. because it showed the VOI analysis
is higher than the ROI analysis SUVmax and lower SUVmean due to VOI analysis than once as a measure of
the wider area as measured ROI analysis. MTV (R2 = 0.999), a result close to the actual size of the tumor. but,
more research is needed in this regard, because SUV according to the standards of value are affected.

Keywords :18F-FDG PET/CT, NEMA IEC Phantom, SUVmax, SUVmean, MTV

1. A4 & Qei1l[2]. et @A PET/CTIM g2t 715 ghe
2 Holghd SUV(Standard Uptake Value)7} 2] 121¢]
FFo of3to] glo] WEe] AFHOR AXIL Y

74 AWARS) AP F28 A W A%el 43t
@ el Sl Zolek 53] ¢ o] A o g g B o) T SR A mE e 79 9]

WE e 4% AR I8P FDG (Fludeoxygl 6 > PRI w7he] Aihzel | 5 e el & <

ucose) PET(Positron Emission Tomograp hy)/CT(Com TIA= NEMA(National - Electrical - Manufacturers
puted tomography)= TH2 9AFAAL WOl wE Esh Association) IEC(International Electrotechnical Comm

WA Sl ATk 8k 2= glo] &) Al Zh whan ission) Phantoms- o]-83le] F42] A4 u}

* Corresponding Author: Yang Hanjoon, Dept. of International Radiological Sciences, Hallym
University of Graduate Studies, H.P : 010-2750-6181, E-mail: hanjoon.yang @hallym.ac.kr
Received September 6, 2013; Revision Received December 10, 2013; Accepted December 10, 2013.



428 NEMA IEC Body Phantom;% 01%;?} 08 FDG PET/CT 94< & 37}
=1 % :‘E‘_ ° z‘i_ T':

HH(ROI-Region of interest) &2 413 SUVI A
Z(VOI-Volume of interest) 0.2 #2433k SUVe
AEE H|lwste] 18F-FDG PET/CT %3-dollA]
Ao wE SuVel g ALRE Ao wA
A Ego] wEjet Azsk
Fo] E=duAbt 33 SUV
A AE A 52d & e MTV(Metabolic
I L2 AgEoAa 9l

HO

OH
HO

A Al Fge] A HO

o
o

tumor volume)E %2 +4 &
=4 o] g 9A VOIZ A3k SuVe] 7|4k stow
o] AF7F MTV sl|=+e] 7lsAt el Alad)

<Figure 1> 18F-FDG(Fluorodeoxyglucose)[5]

2.1.3 NEMA IEC Body Phantom SetTM

A& o g}
2. 4945 R Py <Table 2> NEMA IEC Body Phantom Spec[9]

Specifications
21 A 9 A& Interior length of
194 mm
phantom
B 43S Philips GEMINI TF16 7]7]2 o]-&a}o] Fillable spheres (6) 10, 13, 17, 22, 28, 37

NEMA IEC Body Phantomel 7} &) 27| Dose __ inner diameter mm
calibrator 4% 18F-FDG(Fluorodeoxyglucose) & Distance from sphere 70 mm
SRFR MM Yol Shaker® FR8) wukstel o plane 1o bottom plate
e ATk Thee A7kl AR % olnlHol, Volume of empty ~97 liers

cylinder

Weight of Full Filled 125 kg

2.1.1 PET/CT : Philips GEMINI TF16

<Table 1> Philips GEMINI TF16 Spec[8]

Gentry Aperture (mm) 700
X-ray Focus (mm?2) 05%1.0
CT Maximum of output 140KV,
500mAs
System Number of slice 16
Minimum slice thickness 05 :
(mm) ) <Figure 2> NEMA IEC Body Phantom
Gentry Aperture (mm) 700
Material LYSO 2.1.4 Dose calibrator and Shaker
Crystal SIIZ\]e (r;fﬁ) 42;453262 M Dose calibrator :PET Dose CRCISR(CAPINTEC)
PET | Number of detecl‘i(r)rrl rilqugs ;14 @ Shaker : KM.C-8480SF(Vision scientific co)
System PMT’s Number 420
Spatial Resolution (mm) 48 2
Sensitivity 6400 @ |
(counts/sec/VBq)
Slice thickness (mm) 4

2.1.2 18F-FDG(Fluorodeoxyglucose)
2-deoxy—2-(18F)fluoro-D-glucose by HDX(cyclotron ; 3 .
in Shinchon Sebrance Hospital) <Figure 3> Dose calibrator(#) and Shaker(-$%-)




J. Korea Saf. Manag. Sci. Vol. 15 No. 4 December 2013
http://dx.doi.org/10.12812/ksms.2013.15.4.427

ISSN 1229-6783(Print) 429
ISSN 2288-1484(Online)

2.2 Data 85 % F24ly

2.2.1 4=

NEMA IEC Body Phantomti5-2] 6712] A|(ZH0,
13, 17, 22, 28, 37 mm)= Target®.® 3}al, Phantom?]
Uz BE-S Background® 3F] Source-to-Backg
round Activity Ratio(SBR)E 41 H]&= 3¥d] 4dA
o2 839 18F—FDG—E‘ Dose calibrator= 212} =4
3lo] Phantomell 9 3 30% 7 & wwkek ok o
70% ¥l Philips GEMINI TF 16 ®lo]&e] $]x]3}]
PET/CTHALS Aldaksiti<Table 3>

<Table 3> Phantom Ativity, SBR

.. SBR(4:1)
Total activity
Source B.G
(MBq)
(Bg/ml) (Bg/ml)
925 374039 9351.0
18.0 T4806.7 18701.9
2715 112280.4 28070.1
ol BvtA FT¥F HEE SUVmax 408 H3f
stolow, dnkd #xp FolgF 014 mCikg®l s
FaE 39 o He Fd&e] wHA APk
CT x=71< 120 kVp, 50 mAs, Shce—c 5 mm¥ F9

HTransmission scan)S F53fo] 72 HA s A
3, PET+ 1 bed/5% ¢ W&
353519 t<Figure 4>.

AHEmission scan)<

<Figure 4> Phantom Image (PET, CT, Fusion)

2.22 974X Data 8=

9l Aoz dojxl 3719 PET/CT 97S 7HAa
7z} 53lo A ztzke] FHAlY]l ROIE 18 SUVE
maximum, means T-8Fal SUV 20< 7|E22 VOI
£ AutoZ TI#(Adjust SUV 2.0 threshold by Philips
PET/CT fusion Viewer ver 4.0.2145) SUVE max,
mean, sd @ MTVE T3 t<Figure 5>. 72} 5749]
s Hulgk Folux}l Wy SA4319aL, 2H7] T 5
Hol S S jto g SgAte] eF wgk vkl
skoick VOIol &4 715 SUV 202% Phantom]

A 2> FAe] et SUVZE 20 o]z 2k
A7 25 S48 f18) 71 SUVE Atk
9= Phantomy] Z2re] A9} & Back ground®
CTdel 74 o A&z o= HAgk =7 1y
& Fusion®’d< o] st t<Figure 5>.

24y

<Figure 5> Analysis of Image (ROIL, VOI, MTV)

2.2.3 Data ¥4

7h SAARNE fojzl HlolH= IBM SPSS 160+
o]-83te]  Cronbach’'s alpha®¥ o=  Reliability
AnalysisE 3193l 2} 4, 1+ A8AS 1022 -
olf7} fFEIS AFTS ST Table 3> %3 ]
DataE 7IHte2 A2 FA9] WstE MS EXEL2010
S AHEsle] agzE 3dsta WekE A58
F 7129] SUVe| Aol gl Ax| 4] H-ujef Gdol A
AojF MTVeF] 2bolE % Errorz #2413kt

<Table 4> Reliahility Analysis & 1.C Coeffient
Reliability Statistics

Cronbach’s Alpha
Cronbach’s Alpha Based on N of Items
Standardized Items
1.000 1.000 5

Intraclass Correlation Coefficient

%% Confidence
Interval

F Test with

Intraclass True Value 0

Correlatio

Lower Upper
Bound Bound | Value | dfl| df2| Sig

Single
Measures | 1.000 1.000 1.000 [2277EA| 17| 68].000

Average
Measures | 1.000 1.000 1.000 |2277EA| 17| 68].000
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& 4 k. SUVmax ¢ SUVmean®] tl5=%] 1)
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<Table 5>ROI Analysis Data Table

ROI Analysis
Diameter Area SUV SUV
(mm) (mm?2) max mean

10 157 2.7 2 +04

13 265.33 36 23| 05
R5 17 453.73 4.3 28 | 09
MBq 22 759.88 45 32| 08
28 1230.88 48 34| 08
37 2149.33 49 38| 07
10 157 24 19| #03
13 265.33 34 24 | 05
185.0M 17 453.73 44 28 | 08
22 759.88 45 32| 09
28 1230.88 46 34| 08
37 2149.33 47 37| 08
10 157 2.3 18| #03
13 265.33 3.2 23| 05
2771.5M 17 45373 41 26 | 07
22 759.83 44 3 +0.7
28 1230.88 46 33| 08
37 2149.33 46 37| 08
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<Figure 6> SUVmax Graph by ROIL
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<Figure 7> SUVmean Graph by ROI
3.2 VOI &4

Zkzte] el VOIZ E41E SUVE 7HA I 24
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b itelolEE o] 83}

SILHROIEH 3 708 w4)), Wi 242] 27 7 9% i
= SUVmax, SUVmeanolA =5 P-value 0.06°]3}= 451 4
o3l zjol7}t Qi =43 7S <Table 6> 2t} £ %y ——0925 WBg
zkzk 3709 F9) Gl mE gl VOIR Z4E 3 21 1550118
SUVS] maxglsh meanghe RE F &304 A2 2 N Gl
gt oF 1500 mm373Fe] X|(Threshold value)E . . . . . . ‘
THA 21 Eoke] Bujy}t FoldE v & 9fj=ro] dojyt 000 500000 1000000 1500000 2000000 2500000 30000.00
& ¢ F York<Figure 89> EF iAle] FHE T Yokmelmm)
TA] Eiﬂ_ﬁﬂ HH SUVmax 45 o]l 1=z 9 -
71E717F Apaste]l FA7F FHEAL S-S BolFint 5 .
<Figure 8. SUVmean GA] o] Bt} A& SUVmean 45 -
30 oldollA 71&717F s AL °‘ﬂ<F1gure 9>, 4 025 13
oo} e glolow F AR o4 PET/CT 94 § 2 == 185.0 18
9] PVE(Partial Volume Effect)® <184 t<Figure 10>, 3 | u/ —=277.5MBg
(716 s wE $7HESEe) oF 39 wole] AxA 3. | | |
A 9ol obA3l Fria Haw|ar ¢tk PVES HA 30000 150000 7500.00 37500.00
Haoz odake] Iteration methodso] Lo}t E49] Yelichie

PET/CTY| sxHEels ado] ¢4 o Zlolehg]. A
B 2A%leo] PET/CT+ Spatial Resolution®] 48 mm <]
A 3 37191 148 mm o) gllA df=to] §lojof Fhit

<Figure 8> SUVmax Graph by VOI

Phantomt] 74 27 17 mmo)/dollA] sf=te] 7hasli= —_—
Aske Btk B o224 719l SUVmean 40901 _ -
Fr e A g 2k SUVmax 24 274 17 mm £ s
185 Bg
?_j-nol}\ol-oﬂ/\i 9]1%0] Z:]r—-}ﬁﬂ%\qq. a =277 .5MBqg
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<Table 6> VOI Analysis Data Table ek
Total — S('\;\?I Analysis = -
Activi SUV 33 ~
ety (mm3) max fean (cc) 31 B
52333 3 21 | 04 | 0534 g 27
¥ 5 =07 5 MBg
114976 42 | 25 | 07 12 5 23 o as o
N5 2571.14 45 29 +0.9 2.66 s i; —dr—277.5MBq
MBq 557245 46 3 +08 66 5.
11488.21 5 31 +1 134 300.00 1500.00 7500.00 37500.00
2650840 51 | 34 | 1 | 3% HehnAr
=+ .
o838 | 27 | 2 | 04 ] 04 <Figure 9> SUVimean Graph by VOI
114976 38 | 24 | =06 | 132
2571.14 46 | 28 | 08 2.7 i
MBI [ 47 | 3 | =08 | 654 ol o] PVEE Al¢lstae A4 A7y
1148821 48 | 31 | 09 | 13% ylo] wlg} PET/CT2] TrueAls&°] 9 wkekr] uj
50840 | 51 | 34 | <1 | 309 wolgl AlEHry 2 =% SUV ¢+ T3 PVEZ}
523.33 28 | 22 | 03 04 B4 2 g9lolu} True Aol ©]&3s= PETHAS]
R i e R 4 o] True A5 &o Wolxi RE 910] =
A
2177, - - - — - o 2 o AlSE 93o] M7= o]l Ao
SMBq BT 16 3 08 | 6% 2 FAA A o Ak 9Tl A= olFd Hol
1148821 48 | 31 | =08 | 1378
26508.40 5 34 | 09 | 314
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3.3 Data 4] ¥4

ROI®} VOIZ #418F SUVmax ¢+ SUVmean®| S H]
WaPH SUVmax: 10854% +544%= ROI tiH] VOIE
A% SUVZE 10854% =41 S4 %131, SUV means
P66% +848 %= ROl tiH] VOIZ #Ag SUVZE
N66% SA SAEACE B3 <Table 7>3 2t

<Table 7> VOI/ROI Analysis(%) Data Table

Total VOI/ROI Analysis
Activity | Diameter SUVmax SUVmean
(MBa) | (mm) | (VOIROI%) | (VOI/ROI%)
10 111.11 105.00
13 116.67 10870
17 104.65 10357
925
22 102.22 93.75
28 104.17 91.18
37 104.08 89.47
10 11250 105.26
13 111.76 100.00
1950 17 104.55 100.00
22 104.44 93.75
28 104.35 91.18
37 10851 91.89
10 121.74 122.22
13 115.63 104.35
o775 17 109.76 107.69
22 104.55 100.00
28 104.35 9B.A
37 108.70 91.89

FQe Me PRaRE 9] $7h U5E SUV

max(VOI/ROI%) ¢  SUVmean(VOI/ROI%) 9]  -2]3k
S §lYlomn FFel =7] = Phantome T-A<

A7l ALTE ROIZ F43% SUVZE VOI= Z743%h
A gk Boh S71 Hol 7S o 7 dvh B A A
o= VOIo| 574 A7t v wAe] HejelA S4%
datac]2= SUVmax7} © #=A SAHSOH SUV
mean< A7 17 mmolA 22 mm Abele] F=2E 7&
o7 AgFE VO, 295 ROVE =2 545 UE

AT
3.4 FHAHH} MTV H|

24| Phatom®] Tagetd! 719 A4S HHo=z ALt
St gk SUV 207|522 543 VoI 339 5, MTV
E vlus] B MTVZE efE =2 AyK(Volume/MTV
= 94 % #148 %)& HoFa oil MIVEA Al
SUV 7|zl o)gh st Alstez A7 ¥<S v 3
Q3P AR T EE FU] AF 3 MTVAe] 2]
Aol AAAG RS BE FYElA 09992
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<Figure 11> Volume VS MTV Graph
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<Table 8> VOI/ROI Analysis(Ratio) Data Table

. . Ratio
Total ROI Analysis | VOI Analysis VOURO
Activity | SUV | SUV | SUV | SUV | SUV SUV
max | mean | max | mean | max mean
925
4133 | 2917 | 4400 | 2833 | 1.065 0971
MBg
1850 4000 | 2900 | 4283 | 2783 | 1071 0.960
2715
3867 | 2783 | 4233 | 2817 | 1.0% 1.012
MBg
Average | 4000 | 2867 | 4306 | 2811 | 1.077 0.98

Avg T3 & w 18F-FDG PET/CTHAR <)%
TF] W7 R A AE A FF] A7) et
SuVel djate] Arn= Zpzhe] A X|(Threshold value)
S sl BAEefof gtk 5 Zr)7]e FEs TS
Zlate] PVEZF Uehts A4 R 22 $Y¢o] 97t
F O HagrhS dASeloF & Zlojth Eg
ROIZ4 Hrp VOIZAe] 3 WMo 4o ¥ 4w
97 4o Qls) ROLEA Htk VOIE4 o] ¢
%2 SUVmax¢t o v SUVmeans Hol F3lon
= VOIRAe] %o SUVRES ROIEA Hih £ T
A 2 2 F dodth MTVE Al $4] 27]d
7PHe A3HR2 = 099)8 WolFolott Suvel 7|
Ao wet FFL wgownw ol wI ATE ¢ I
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