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A Comparative Analysis According to a Presence or Absence
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are Applied in PET/CT Tests
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Purpose  As medical radiation exposures on patients are being social issues an interest in a relief of radiation exposures
on patients is increasing. Further, there are many cases where some patients among who are getting PET/CT
tests choose to get implanted with metal artifacts in their bodies. This study is to find out effects of presence or
absence of metal artifacts when dose change or CT attenuation correction for the relief of radiation exposures
are applied using phantoms through changes in standard uptake value (SUV).

Materials and Methods  GE company's Discovery 710 machine was used for PET/CT test equipments. We used NEMA IEC body
phantoms. We also used screw and mesh cage made of titanium which are used in real clinical processes for the
metal artifacts. Two experiments were conducted: One is to test and measure repeatedly about SUV about
differences in CT attenuation corrections according to dose changes and another is to do the same procedure for
SUV about the presence and absence of the metal artifacts. We injected "F-FDG into NEMA IEC body
phantoms with a TBR ratio of 4:1 and then put the metal material into the transformation phantoms. Once a
scanning for the metal artifacts was done we eliminated the metal artifacts and went on non-metal artifacts. For
the each two experiments, we scanned repeatedly with CT kVp (140, 120, 100, 80) and mA (120, 80, 40, 20, 10)
for an experimental condition. For PET, we reconstructed each with standard AC (STD) technique and
quantitation achieved cnsistently QAC) technique among CT attenuation correction methods. We conducted a
comparative analysis on measured average values and variations which were measured through repeated
measure of SUV of region 1, 2, 3 spheres for each conditions of non-metal /metal scan.

Results  For each kVp, 120, 80, 40 (mA) of non/metal (screw, mesh cage) showed low frequency of fluctuation rates of
above 2%. In 20, 10 mA above 2% of fluctuation rates appeared in high frequency. Also, when we compared
the fluctuation rates of STD and QAC techniques in non/metal (screw, mesh cage) tests QAC technique showed
about 1-10% of differences for each conditions compared to STD technique. In addition, metal types did not
have significant effects on fluctuation rates.

Conclusion  We confirmed that SUV fluctuation rates for both STD and QAC techniques increase as dosage is lower. We
also found that the SUV of PET data was maintained steadily in a low dosage for QAC technique when
compared with STD technique. Hence, when the low dosage is used for the relief of radiation exposures on
patients QAC technique may be exploited helpfully and this could be applied in the same way for patients with
metal artifacts implanted in their bodies.
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Fig. 1. PET/CT Discovery 710 (GE Healthcare) .

Fig. 2. NEMA IEC body phantom were used.
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Fig. 3. Metal material (screw and mesh cage).

Abe] AL CT AgkS W 0 2 % PET recon 714X A o] o
Ao A8 W SFa1 A}, Quantitation Achieved Consistently
(QAC)H= Al A8 EE QACH - ZPAI T PET 4] A &
HZOo 2K, A AT AEA] PET image?] A4 of] A&
= A A 2752 0]-8-5+] low dose, < kVp2t

& Zold A AL bl she AT
(reconstruction: recon) 7| ¥ o]t} wlgbA], B ol 1= 2 A3
A A Qo] Aol AsHE Al 4= Q= dietoll thsh
orobr a1z} 549l o, T3t PET/CTEHA 5 AW ol a&+&
A& AU gl A Albuisl 9 4 AT CT 74154
HH -8 A| Metal artifact G-5-of W2 JoFS X FAF A4
(Standard Uptake Value: SUV)2| W3S E3f &olH 114}
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A= X g
1. PET/CTAHH| 2 Phantom XXt

H oJqto]| Alggt AH]= PET/CT Discovery 710 (GE
Healthcare, USA)S A5} 0.1, A4 9] crystal->
based scintillator (LBS)2] A&A| 2 G440} QA ch(Fig. 1).
HE-& NEMA IEC body phantom=- ©]-8-3} 1.2 1, phantom
W 2] 671 9] sphere®] 7 - oll spongyE F-25}aL, spongy
o BB AN & UES AA WY At
(Fig. 2). E=35t, o17tof| A% metal material-> A A & @]}
Aol A AE-E]<= screw?} mesh cage S ©]-8-5F 51 th(Fig. 3).

lutetium

2. dAL Y

H 3= 214] A2 phantomS: ©]-&-5}0] = H o] A1 g
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Fig. 4. The procedure of examination.

= 23y skelct. AA) Alzket Mo S45E4 9 7ol o
2} non-metal/metal @] 7= 717} 24519t A Ao o gk
protocolZ 4 591 2.1, ¥ & phantom-& PET/CTZ] A} table
off AARIAIZ] 7, & L7 $12] 9] scang X13Y5}17] 913} laser
pointE FA|5}aL 2P o] = metalS A+ U 3H7] A
non-metal A3} metal-2 AHQ) 31 5] A& metal G A}F2] £ 2]
Hel s 2 asjel4) gol ook A Wan gL v
A] scout viewS -2 F, scan rangeS 4 45}, CT scans
Z12)gt | PET imageS ¥ 9 th. 2F A% & non-metal scan7}
metal scan®] = W] HYARE ZH2F A3stglon, 43 =4
o] w4t CTe) kvps} mAe] Alapelsie} 74l gl
STDH 1} QACH of| T3} z}zke] SUVE = A 3H= A o|t}

CTA =3 2742 140, 120, 100, 80 (kVp) 2] A A} 120,
80, 40, 20, 10 (mA)2] TAF] 2k2} Mep MBS Zo] CT
scan2 & 203] X8 8}99 1, PET scan 18] A3}t 2 =&
M E PET recong 5to] Z}2He] A= &2 CTof gt
PET DataZ 3 &35} t}.

1) A AlZF phantom & screw

A WA Aol A A2 phantom & screw S A-8-3F A ¢
© 2, phantomy] 2] *F-FDG2] Z]2F-2 A2} phantomt}] 9]
Background+= 74 MBq (2 mCi)E, Targeto] EH+&= 6719
sphere= 1.32 MBq (36 4 Ci)S £ 3}o] nHEs} o, HAL
+= WA non-metal scang 1 8¥ 3} 3L, A of] 9] 2] A 7]
scan2 A3} T Metal scan FYAFEE & phantomU] ]
spongy 2] A7|EE 28 A|A3%F T, non-metal
scan= HHE 213 5H 4 th(Fig. 4).

| screws 2l

2) A4 A&} Phantom & Mesh cage
= HA A2 Z}A| A2 phantom & mesh cageE- A8-3t
A3 6 2 phantomU] 2] BE.FDGO] ]2k A=k phantom

Fig. 5. Measurement method of SUV (R1, R2, R3).

] 2] backgroundo]|+= 74 MBq (2 mCi)E, Targeto| &+= 67}
9] sphere+=1.40 MBq (38 »Ci)= 5+ 3}04 aRkskl e, 3
AF= & non-metal scane 2135+ 11, AAMH o] Y= A1Z1
T scan2- 2139 5}1 9T} Metal scan G485 3, phantomU] €]
spongy 2] A 7] F-5-of] mesh cage =22 A A $F T, non-metal
scanS W= 218519t

= v

S|

3. 2t 24

HI

1) SUV &4

PET/CT HARE A3 F S48k 4} sk F-919] 4
4 (Region Of Interest, ROI)S 718 SUVE] HH#7HS ==
SR} ST 243 A) 3 SUVE AFgF R Ad e S =3t
CTof| o gt PET recon data = 543t 34 (coronal plane)
9 image”"ﬂ/ﬂ S5t en, S35 9/= phantomif 2|
targeto] =]+ Z 67]9] sphere & X|5-0] 2 - 37] region 1
(30 mm), region 2 (28 mm), region 3 (22 mm)S- A1 A5} ROI
= HA8t 1, 2H2+e] ROI9 7] R (678.9 mr), R2
(387.1 mr), R3 (166.6 m) 2.2 AAaHA 12 ¥, Bzt
(average mean value)-2 103 % =43} th(Fig. 5). GEALSY]
process program]| A PET recon dataE multipled}A] A el
T A= 715 o185, T3 YA| o ROIE ZLH S =4,
HAS £ dEA oz -2 A4 SUVE S4 513t

2) dlojg &4

[Test 1-R1] Non-metal 5 o+H] ul

S74% SUVE 7 A3 9 54 79l T non-metal 7}
metal ©] region 1, 2, 30| o gt Ztz}o] MeFxAE - CTACY|
HEE SUV Hte|u s ohglon A= o33 2t
(Table 1). Test 1-R12] non-metal®} metal®] H| 1l A], A=k
stof] W& SUVE 2+2}9] kVpel| whet 120, 80, 40 (mA)©] 73
© = pon-metal¥} metalol| 4] & HE}Fx}o]E Holx| ¢F9ko
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Table 1. For example of test 1(phantom—screw)—region1 SUV

25.00 25.00

20.00 Metal 2000 Metal
g
- -— _P_____,,,..-""" —— NRL- 140KV STD - P— —,:,—————-_""'---'-'-.-.-Q —e— AL 140KV AL
15.00 =@=NE1-1D 10 15.00 == NAL-120kV QAC
Non-metal —— NR1- 100KV $TE Non-metal 4 MRL- 100KV OAC
~ — B0k STD ——— RS0k Y QAL
— —— MRL-140AV STD ————— MR L -1 40RN QAL
n0a ! NSTD 1009 —a—MiR1 VAL

™ AR - 1008V AL

1-B0KV STD MR 1-B0kY QAC

5.00 5.00

0.00 000

120mmA B0ma 40mA 20mA 10ma 120mi Blma, 40maA Homa 10méa

Mon-metal 120mA  80mA A40mA 20mA 10maA Metal 120maA 80maA 40mA 20mA 10mA
MR 1-140kV STD 1079 1081 1091 1132 1209 MR1-140kV STD 16.50 16.60 1670 17.50 18.50
MR 1-140kV QAC 1081 1081 10.89 1119 1169 MR1-140kV QAL 16.50 16.60 1670 17.10 18.00
MR1-120kV STD 1052 1085 1055 1134 1210 MR1-120kV 1D 16.50 16.60 1670 17.30 1860
MNR1-120kV QAC 1085 1085 10594 1114 1163 MR1-120kV QAC 16.50 16.60 1660 17.00 17.80
MR1-100kY STD 1054 1100 1111 1121 1220 MR- 100kY STD 16.50 16.60 16.80 17.00 1850
MNR1-100kV QAC 1051 1051 1100 1102 1131 MR1-100kV QAC 16.50 16.60 1660 1670 1740
MR1-30kV STD 1105 1096 10.86 1035 1024 MR 1-80kV STD 1670 1670 16.60 15.80 1560
MNR1-30kV QAC 10.86 10.86 1094 10.86 1084 MR1-80kV QAC 16.60 16.60 1660 1660 1670

Table 2. Convert into a percentage ratio of test 1 (phantom—screw)

1850

» < ><: e >< o >< e > B < T ><: = >< e ><: o >

[Screw] Mon-metal [Screw]-Metal
ST QAC STD QAC

[120mA BOmA 43r‘1;—« 20mA 10mAJ120mA 80mA 40mA 20mA 10mA 120mA B0mA 40mas 20mA 10mA L20ma 20mA 40mA 20mA 10ma

R1 [4okvpl 000 015 111 4851 1205| 000 000 074 352 814 R1 |140kvp| 000 CBL 121 606 1212|000 06l 121 368 909
l2okvpl 000 -064 027 385 1081| 000 000 083 267 719 120kvp| 000 061 121 485 1273|000 061 061 308 788
lookvpl 000 055 155 247 1152| 000 000 0O82 101 @ 367 10okvp| 000 061 182 303 1212|000 061 061 121 545
BOkyp) 000 -081 -172 -633 -733) 000 000 074 000 074 gokvp| 000 000 060 -539 658|000 000 000 000 060

R2 [aokvp 000 073 180 555 1203|000 028 047 402 &70 Rz [1a0kvp] 000 GO0 123 675 1166| 000 OO0 061 368 859
ookvp| 000 -077 000 2890 976 | 000 000 OBE 273 761 120kvp] 000 000 123 428 1166|000 000 061 307 798
H00ky P 000 160 245 335 1275| 000 OO0 -009 053 287 100kVp 000 061 123 245 114|000 000 061 123 491
g0kvp| 000 037 047 438 -438] 000 000 008 000 083 gokyp) 000 000 061 488 549|000 061 000 061 133

R3 [4okvg] 000 -174 082 284 1008| OO0 OO0 084 373 824 R3 [140kvp] 000 000 064 584 1169|000 000 065 380 844
120kvpd 000 112 1% 486 1141 000 000 000 185 731 120kvp] 000 000 130 185 1039|000 000 000 130 455
ookvp| 000 -045 046 138 966 | 000 083 083 187 373 100kvp| 000 000 130 195 1039|000 000 000 130 455
gokvp| 000 -028 -111 572 -581| 000 000 000 015 083 gokvpl 000 000 -129 581 -710) 000 000 000 000 065

, A7 40 mAo] Sl A = WSk o] A} F7leh= Al O] SUV a2 2| thgk 12.09, 2| 2=¢) 10.79Y == Yel e
oF 4= 9Jith TS CTACY|Y EHZ H|a A], QAC7|H o] o, metal @] = 7}k 18.60, | A7k 16.50° 2 metal 2]
STDZ| o]l wlsf ®a}Eo] A4 Ueht= A& & 4= A% 735 SUVZF AA A o 2 A eyttt Test 1-R2, R3 S A|
t}. o] non-metal} metal,of| ] H| 23 OFAF O 2 U EFES Test-R12} H] =3t 9FAFS] SUVE & itt

o, H3}E-S v W 5}9-S W], non-metal X T} metal of) 4] 27 Table 2+= test 1 (phantom-screw)2] R1, R2, R3¢0 A & 53t
O HBIA7} Q= A2 & 4= 9 ATt Test 1-R12] non-metal UVE o] &3}o], ZHzko] 2T AEH120 mAS 7|&o=

Q
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Table 3. For example of test 1(phantom—mesh cage)—region1 SUV

Metal R 000 Metal

20000 p—

== NR1-140kV QAC
=—=NE1-140kV5TD
. Mon-metal — T — 1500 Mon-metal I
1 B -

L, e
== NR1: 100KV 5TD

—8— NR1-120kV QaC

NR1-808

—R1
10.00

toaa o—MR1
MR1 ) MRL-S0KY QAL
000 0.00
120ma 2oma a0ma 20ma 10ma 120ma anma 20ma o
Mon-metal 120mA 80mA ADmA 20mA 10mA Metal 120mA 80maA A0mA 20mA 10mA
MR1-140kV STD 1445 1435 1445 15.05 15.85 MR1-140kV STD 1869 1831 1860 1976 2040
MNR1-140kV QAC 14.30 14.30 1444 1476 15.44 MRL-140kV QAC 1821 1825 1845 1284 1920
MR1-120kV STD 1441 1438 14.56 15.02 1578 MR1-120kV STD 1249 1837 1857 1916 2045
MR1-120kV QAC 1436 1437 1445 1465 15.27 MR1-120kV QAC 1834 1834 1854 1887 1978
MR1-100kV STD 14.40 1431 1447 1464 15.70 MR1-100kV STD 1230 1230 1841 1870 2010
MR1-100kV QAC 1421 1427 1431 1445 15.27 MR1-100kV QAC 1834 1829 1843 1869 19930
MR1-20kV STD 1452 14.45 14.25 13.55 13.30 MR1-80kV STD 1857 1857 1819 1730 17.00
MNR1-80kV QAC 14.35 14.35 14.34 14.34 14.45 MR1-80kV QAC 1848 1850 1862 1840 1248

Table 4. Convert into a percentage ratio of test 2 (phantom—mesh csge) SUV

1520 15,00

-
[ ]

L 2
-l
.
(28 1]
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[ =
Ee
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AN
5
s

X

[Mesh cage]l-Non-Metal [Mesh cage]l-Metal
STD DAC STD QAC
120mA 80mA 40mA 20mA 10ma R20mA S0mA 40maA 20mA 10mA 120mA 80mA 40mA 20mA 10mAJ120mA 80ma 40mA 20mA 10mA
RL [40kvp| 000 -068 000 415 968 | 00D 000 088 322 787 || R1 [140kvp| 000 -203 -048 572 915 000 022 132 346 873
120kvp| 000 -021 104 433 951 (000 007 081 202 634 120kvpl 000 -065 043 362 1060|000 000 109 289 785
100kvp| 000 -063 049 167 903 [ 000 042 070 176 746 100kvp| 000 000 060 219 984 | 000 -027 048 181 851
gokvp| 000 048 -186 -668 -B40| 000 000 -007 -007 070 golvp] OO0 000 -205 -684 -845) 000 011 076 -043 000
R2 Ju4okvp| 000 -182 -136 284 854 [ 000 -007 064 350 779 || R2 |140kvp| 000 023 126 755 1201 000 011 114 400 848
120kvp| 000 -143 -014 258 831 [ 000 -007 080 284 638 1zokwp| 000 -058 052 342 1068|000 018 112 293 B3
100kvp| 000 021 082 234 1020|000 -007 071 135 641 100kvp| 000 058 058 174 855 | 000 -116 -041 075 621
gokvp| 000 -132 207 702 771|000 -007 -014 007 071 gokypl 000 000 -076 -448 -740] 000 000 000 -164 018
R3 [14okvp| 000 -337 -240 187 748 [ 000 -008 077 380 775 || R3 |14okvp| 000 -017 083 724 1101) 000 029 109 401 &84
120kvp| 000 -184 -082 214 9 000 000 141 306 7TI7 120kvp| 000 -150 017 271 964 | 000 -058 088 210 7
100kvp| 000 -168 -030 061 746 (000 055 078 211 640 100kvp| 000 -087 082 486 978 | 000 -035 035 283 775
gokvpl 000 -144 295 -748 -975| 000 000 000 000 077 aokvol 000 -119 080 603 648 | 000 086 029 017  0E8

140, 120, 100, 80 (kVp))& 7| &0 = ¥l 2.9-(%) = FHAFSE g o 13] & Yeh} ¢F 0.69% 2 -2 A o & vebyt o, 20, 10
S H| W3} T Table 20 A A E BSA L RO wBG o (mA)Of A= & 96711 2] W= Fofl 733 = LrEht oF 76%2]

28] HEE 0] £2% o3¢l FHES UrERRlT 3ol A 9f o] 2 HES B Heg #AE vagt 23, STD7|H

120, 80, 40 (mA)°f| A £2%0]/}9] 2 2}7} & 1447 2] H4= 5 Hrp QAC7| ol A 58 2| 7F %A LrERyth(Table 2).

55



dolsty|& 19 M1S 2015

[TEST2-R1] NON-METAL 33 /- H] 31

2745 SUVE 2 A3 e) 34 ol ot
Z

Stof] wh& SUVE 2H2}2] kVpeoll whet 120, 80, 40 (mA) <] 73
9-= non-metal¥} metalof| 4] 2 WH3kx}o] & Holx| §Fgto
o, AAE 40 mAo|slol| A= R E}Eo| FA| F7ek= AS
oF 4= QAT T3 CTACY|Y E& v A, QAC7|Ho
STDZ| o]l Hlsf ®s}Eo] 24| Uehb= A& & 4= %
t}. o]+ non-metal ¥} metal, o A] H| 23 OFAF O 2 LEFGES
], 325 v W 619 S uf, non-metal X T} metalof| 4] 2F7F
ol Halar) 9le AL o 4= 91tk Test 2-R12] non-metal
O] SUV B2 2|t 4k 15.85, | AZF 1421 =2 VEES
o, metal 2] 3= 7k 2045, 2| A Z)F 18.21 2 2 metal 2]
35 SUVZF AA A & &2 A YebEeh. Test 2-R2, R3 9 A|
test-R13} H| =3t ¢H4o] SUVE & it

Table 4+= test 2 (phantom-mesh cage)2] R1, R2, R3] A &
53 SUVE o|-g-5}o], Z}219] Z{LHRH(120 mAE 7]E2
2140, 120, 100, 80 (kVp))S 7] 2.0 2 W58 (%)= BHAlgH
ZrS B3k Th Non metal ¥} metalof| A zFzF2] 37 Qto]]
2 AR W3S v ms) 2, 120, 80, 40 (mA)©] A+2%
1788] @271 14471 9] W= 5ol 53] = Lhehu ©F 3.47%
S A= U o, 20, 10 (mA)ol| A= F 96711 2] ¥
| 763 &= LERLE 0F 79.1%2] -2 RIE=E B3tk ¥E
| S Blagt 23}, STD7|H Kok QAC7|HH o)A W5
17H A UEg TH(Table 4).
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o do 4 hn

4 b

= | =

FEZE S/ AS ¢ AT o, STD7 R

QACY]Hjo] SUV HE-&o] B 27| LiEhbs 2% oF 4
Qi) E 3L, non-metal 7} metal B] 1L A], metal scan®]

Z © & non-metal 2 T} SUVZ} ] 34 el on, HE
3 STD7| ¥ Het QACT ol A] ) 27| ek 51
Q1 glTt. 2 A3 of A screw®} mesh cage] metal H] ul 3
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