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Image Evaluation Via SUV. gy for Normal Regions of VOI by
Using Whole Body Images Obtained from PET/MRI and PET/CT

Jeong Kyu Park*, Sung Kyu Kim™, Ihn Ho Cho', Eun Jung KongT, Meyong Hwan Park*
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The purpose of this research is to compare and analyze SUVisy—maximum of normal regions using VOI (the
volume of interest) in order to enhance the diagnostic level in whole body images of PET/CT and PET/MRI for
26 health check—up participants. In particular, we try to set up SUVisy—maximum data that can be used in
synchronous evaluation for PET/CT and PET/MRI without contrast media. The evaluation of SUViey—maximum
for normal regions of whole body PET/CT and whole body PET/MRI shows that the image of PET/MRI differs
very significantly from the reference image of PET/CT (p<0.0001). However, they exhibit high correlations in
view of statistics (R>0.8). From this research, we suggest that the decision in the evaluation of SUVigu—
maximum for PET/MRI should be made with the reduction of about 26.3%, while one should decide with the
reduction of about 29.3% when the contrast media is used. It is helpful to interpret all image of PET/CT and
PET/MRI using SUVisn—maximum for convenience and efficiency.
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o], ZZoll A EAZH A4l oJ4dellA] MRIel| 7|23}k PET
tlo|e & o] &8 Fafo] viFslict 53] H2 &M=
Hybrid A4l PET/MRI®|] 74|57 7] (Biograph mMRI,
Siemens Medical Solutions)+> 2-point Dixon-based MRI 82~
A9 2 (pulse sequence)S 7]Hko 2 sHubE 9l ®

X344 %] A9 (standardized uptake values, SUVs)+= F-18
FDG PET/CT ZAAt A ¢be] Akt X5 &3 H7HE Sl
AgE T F23 Akolrt wtebA] F-18 FDG7F L4 27
off Aoz F&=E7] ufel SUVsE 53l Heldhs
ARE FAS = v} F-18 FDGY AH = AA=Z S o]
b=t SUVsel theFAlol glojob e} @ Al
A Ao} Ee Al AAE 4 e H(region of interest,
ROD® Z7| 5 AAsle] SUVs WA o0& Albsle FH
e ATE A 2 9’

aela HAd e Aol wet HFx ek %7} Kol &
Holm g Foke] ot AEE Hrlsle A-Solle 4371
7h 7d 29lol ROIZ AAste] Hrige? 2+ g
AFAEL FFAl(body weight, BW), 14| 4 (body sur-
face area, BSA), Al A%} & A|(lean body mass, LBM) &
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1. ZAICH&

2012\ 795¢ 847tA] A4l F-18 FDG PET/CT A4l 7
A} % Z2 PET/MRI ZAAE A3k & 319S gtz
stk B A= IS 993 (institutional review board,
IRB)9| & dglen, F49 AAEE Folurt ¥
AT 277 o]FollA] 261 9] 77 FAAE o
do g 3igict ol &2 EAE 61, A7} 201 0 At b
ol 35AllollA] 75A1= HFAY S 5254190k AL 145
emoll A 177 emZ FH 7 A 160.0 cm, 252 40 kgoll A
76 kg7t HF AT 578 kg, 2GAE FolshA &>
AgEe- 10, Foldk A 169 o]l

2. o

I

1) PET/CT & &5: A4S 24 A 243 64
7+ FA8 3, F-18 FDG FA A ZA¢ x|}
180 mg/dl ©]s}¥ w] FAsEAT). F-18 FDG 8.14 MBg/kgs
A FABEA, 60~90% & PET/CT (Discovery VCT, GE
Milwaukee, USA)E o] §3to] 342 2 Sslgich. welolA]
ZYINE A 4527 4 EA L CT (F7: 3.75 mm, 140
kVp, 120 mA) G445 WA A F, CT 23 22 9
o] W24 3D-mode® 310 3F bed @ 3E4 7~9 bed
5 A9k PET 442 s FEAS 71z A8}

(ordered-subsets expectation maximization method, OSEM) &
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A skt

2) PET/MRI Y& &5: PET/CT AAE W 3AEL
ZA] PET/MRI (Biograph mMRI, 3T Siemens, Erlangen,
Germany) & ©]-&3sto] 45 At oA TAHE7}
A 1927 A4S WA Je T T 207} 2L W99
b od A8 3D-mode® 8101 3t bed B 284 4 bedE A
vk PET%42 OSEM ¥xelE WAoz ATAstole
™ Dixon VIBE MRI %345 o] &sle] 74| A 33ict 4
S t3H-5-1] (signal to noise ratio, SNR)E ] & s}s}7] $]3lo]
FH-F Y (head-coil), Al XY (body coil) 4715 $]X]
3492, spine clusters”} el 9%t} 2-point Dixon 3-D

volumetric A T, 742 MRI E & A|H2E FAF ¢ &

5, ZHre 2 o] F3ict.
A3 Tl o3k Q1FE(artefacts) s | 4=33H7] 9
sto] FA19] k-space acquisitions A&ttt MRI 7] Aol
A 2QAE AEIA F%ker], MRI 2719 £ZEQ)
o]& T, 7% in-Jout-of-phase, water-only and fat-only images
£ Asoz AAEE raw imagesE ALt

3) HIOIE &5 24A: PET dlolHl& #4274 =low
OSEMM}A o2 A|FA E] Qi e}, 7H4] A] = (attenuation maps)+
PET/CT 29 Fx2| £ZEo] 75 o] &3 7|&
o AR F A2l Aol % CT Blolel ZHE 5
Stk A&l &2 A3 (registration)= SUVs2] A &k3}o]|
A FAE A ¢ Qlong B oddlA ALt
74| H A Q1A attenuation correction factor)= |7 (background)
0, 1 cm ', Z(lung) 0.018 cm ', A¥(fat) 0.086 cm ', AF
ZA (soft tissue) 0.1 cm ‘o]l olHI WAL
PETAC_CToll A9} 72 AnbAQl AdhE simulated MRI-
based AC (PETAC_MRI) A 7f3t% PET 4= AFA 3=
ol A& et

4) HA 2M: Dixon MRI H& AJP 2ol 7] 23 ] B2
9] AT, = in-/out-of-phase, fat only, Water—only)gl raw
data, CT H|°]¥], PETAC_CT and PETAC_MRI+= $] =2 H|
o]do g H%= 9 tH(Syngovia-3D Fusion, Siemens Medical
Solution, Erlangen, Germany). Syngoviaoll 553 E& <4
o A% Aohe)x, Bk Ao L2 FEOZ 2
4% % gtk PETAC_MRIIA 412138 w& Wil ai
o Al g3 A4l EAEgE PETICTS)
PET/MRI®| 783} 5385 H7lsl7] $13te] 3D Fusion MM
Oncology & ©]$3lo] R ¥ ol 4 (coronal plane), 4|4
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™ (sagittal plane), 3% (transverse plane)= ZH7F LERNQ]

ot b gl vorel s fx e B £
3l

zehgm,? WY ARe) w5 ol AR,

Fig. 1. (a~c) SUVs measurements
confirm anatomical location in the
PET/CT coronal, sagittal, and trans-
verse images, (d~f) SUVs mea-
surements confirm anatomical loca-
tion in the PET/MRI coronal, sa-
gittal, and transverse images.

ZH(segment 6, 3 cm’), B] A (splenic hilum, 2 cm’), thE (3]
ZAX9 15 cm’), 2@ EM 1, 2, 3 body center, 1 cm’), &)
2w 5 (3% dollA &F oA Ui, 1 em), ¥ (BT, 2
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em)E Agste] aglom F e oz g, A,
FeollA Ha)o) 72 XS LA AZACHFg. 1)

SUVs= LBM= ol-&sto] B4=4 9] vorg 47 3
o] (maximum) 4] 3 7Fst Ak, SUVsellA 2 E9] 4
o2 A5 ALjeie, 2949 AL wEq AAH f9
AE gt glolV B dFellde £¥E I3 54
stglom, PET/CTellA 2 Ale] A&k o &alsict. S

o] ek PET S 7|F(PET Response Criteria in Solid
Tumors, PERCIST)oll A& 2] 3LX|(peak)E AL} B4z
Aol s ZAHA ekght?

stz sk F8loll dldsts HulE AR SUVisw
A& A5 4=, 3 40% isocontour VOIO!| <]
3l At 3l £ $kake] PET/CT, PET/MRI %3424
Al SUVs H(7], 557D LA o515 &elslsict.

5) 84 2M: E& 259 B4 58 SPSS £ZE
201 (SPSS Inc, Version 20.0)Z o] -g3slo] A|3Bslgit). PET/
CT$} PET/MRIC] SUVsol| tgt 4333 H &4 SUVipu-2
el AAslglen] PET/CTH PET/MRIS] 7+ AAHR9)
o] SHEE HWSEE ttestE AAS AT g AL
Aol A §93F prke 0.05 v|RHl ASout EAIF o7
frolgt 2o g st

e o}

1. ZYNE 0O|ALEst PET/CTRH PET/MRIQ SUViewZ|
CHX{2| H|w

PET/CTS} PET/MRIE A Al¢d
OIS Wig Akl AR
22k PET/MRI SUVipu-3 4] =

3 3259 SUVisw-3
733} PET/CT SUView-3]
0.8739] AA#AAE 4
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E Aoz g fele velkthp<oon. olF Ed =
29 AN H3nsh 2k

Y=—0.495+0.974x (3-1)

3| AIS Boll gk 95% A2 7F7+e] ou|& wkeF PET/CT
SUVism-Z %] 7} 1 k9] ZolAM PET/MRI SUVipw-Z th
A= 0.48~1.46 W2 Z7}3l9cH(Table 1).

2. ZAHME A28 PET/CT2t PET/MRI2| SUVievZITH
X9 Hlm

PET/CT®} PET/MRIE FA] Al#¥3t 8k2459] SUVipu-3]
X & W Alibsle] A3 %A 23} PET/CT SUVisw-
2 x]¢} PET/MRI SUVipw-ZthX]&= 0.7489] A3AE
Y Aoz g FosA Uebskthp<001). ol & 53
=23 3ANAALS 4327 2

Y=0.192+0.613x 3-2)

31 AAIS Boll tigk 95% Al2]7+e] €Ju]& whek PET/CT
SUVin-H X7} 1 ©+$] =olA™ PET/MRI SUVipu-Z Wl
X 027~0.95 HYZ =719 thH(Table 2).

ZAAE LA &%s w7l 29AE ALS ol
Hop A Alg7E ko, Alg 7718 M9E v A o
Bl
3. SUVievZICHAIE 0|88t 2t MARRel I8 E2 t-AHH

ZGAE AL 2 BAFES 83 PET/CTE 7|52
2 3o} PET/MRI %4ollA] SUVipy-2 X = EF 23k
Al 224819 tHp<0.05). PET/CTS 7|52 2 PET/MRIOIA]
HAA 263%°] HolE Helow, 7hg F Aol H|A o]

Table 1. Comparison of PET/CT SUVisv-maximum and PET/MRI SUViem—maximum.

PET/CT SUVigv-maximum

PET/MRI SUVipy-maximum

(2.13+0.26) (1.58+0.29)
P 0.001
R 0.873
N 10 10
Unstandardized Standardized 95% Confidence
Model coefficients coefficients t P interval
B Std. Error Beta Lower Upper
1 (Constant) —0.49 0.44 —1.11 0.301 —1.54 0.55
PET/CT SUVipv-maximum 0.97 0.20 0.87 4.73 0.002 0.48 1.46

Dependent variable: PET/MRI SUVigy-maximum.
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Table 2. Comparison of PET/CT SUVism-maximum and PET/MRI SUViem-maximum using a contrast media.

PET/CT SUVigv-maximum

PET/MRI SUVigy-maximum

(2.08+0.33) (1.47+0.27)
P 0.001
R 0.748
N 16 16
Unstandardized Standardized 95% Confidence
Model coefficients coefficients t P interval
B Std. Error Beta Lower Upper
1 (Constant) 0.19 0.33 0.58 0.572 —0.52 091
PET/CT SUVpv-maximum 0.61 0.15 0.74 3.90 0.002 0.27 0.95

Dependent variable: PET/MRI SUVigy-maximum

Table 3. According to non-contrast media or contrast media used, SUVisy-maximum normal volumes corresponding of

PET/CT and PET/MRI.

Paired differences

Paired differences
Red R Red
(%) Mean Std. N t P (%)
Error

Mean Std. N t :
Error
PET/CT Liver 2003 010 10 10.7  0.860 0.0001
PET/MRI Liver 1401 006 10
PET/CT Spleen 1.5+01 005 10 6.8 0.250 0.0001
PET/MRI Spleen 1.1+01 0.04 10
PET/CT Aorta 1301 005 10 46 0.548 0.002
PET/MRI Aorta 1.1+01  0.06 10
PET/CT Lumbar-1 1.9+04 015 10 3.2 0.658 0.012
PET/MRI Lumbar-1 1.5+04 014 10
PET/CT Lumbar-2 1.9+04 014 10 3.6 0.702 0.006
PET/MRI Lumbar-2 14+05 017 10
PET/CT Lumbar-3 1804 014 10 6.0 0.828 0.0001
PET/MRI Lumbar-3 1.3t04 014 10
PET/CT Lumbar-5 07+00 0.02 10 45 —0.371 0.002
PET/MRI Lumbar-5 0501 003 10
PET/CT Cerebellum  57+1.0 033 10 10.7 0914 0.0001

PET/MRI Cerebellum 42409 031 10

Total

306 1902 006 16 9.7
1.3+02 007 16

321 1502 007 16 115 0761 0.0001 358
1.0£02 006 16

182 14+02 005 16 3.7 —0.053 0002 228
1.0£02 006 16

211 1604 011 16 7.0
12+05 013 16

247 19412 033 16 31
1.3+08 022 16

276 1603 007 16 6.6
1.1+03 008 16

305 06+01 002 16 6.8
04+01 002 16

258 59+12 032 16 117
40+08 022 16

26.3 29.3

0.622 0.0001 32.6

0.907 0.0001 23.6

0.897 0.007 273

0.569 0.0001 30.6

0497 0.0001 30.7

0.892 0.0001 313

32.1%, 7H 22 Aol dls™o] 182%2] XtolE H itk
(Table 3).

ZAFAE ALY ZFES 83 PET/CTE 7|F o2 3}
o] PET/MRI G4ollA SUVpy-Z X EF F2sA 7
£33tk (p<0.01). PET/CTE 7|5 2.2 PET/MRIOA] A A|
29.3%9] xpol & Holowm, 7 & Xpo| = u|Ae] 35.8%, 7F
72 2 Zpol& s ™o] 22.8%2] XolE Hch

ZGAE AL &S Wt 2GAE ALdS ol

7} 3.0% © o]zt U= Ao & vrebykthFig. 2).

nE Y HE

HodFolAE I 22 Y% Dixon MRI XA A
Aol 7128 YAE PET/MRI®} PET/CTES AAE-9 9
SUV gv-maximumS- o] &3}o] ZA XS n]a H7)sl9i}.

PET/CTll A= CTollA AlF=+ HUE A-&-3te] PET
&l FHH BA o] o] Fo] X ARk, A4l PET/MRICNA & 7H4]
BAo gl A2 HFo] Haglon Martinez-Moller 5
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Fig. 2. According to non-contrast media or contrast media used, SUVipu-maximum normal volumes corresponding.

2 #-e A7kl Dixon MRI HA A HAE AL3to] CTS
FARE AR 908 el aee sies
g AR EE L83 27] ATAE A} 7+e] thokA
o7 g ukdl Avtg oA FPck) 1 F AR
J ol A F7|eF % F(cortial bone)s THT T U+ vl
F L o3 AIZE 7] (echo time technique)©] AIFE R &
ot ol Sl EehA 9 x)et z3tE A% dEl ¢4l
<ol /s k"

A4 4ol el AEAD QA
Yol AE wF e Adhe e
Martinez-Moller$} & 1AL
A 2ol 71238k d] F-E(background, lungs, fat and soft tis-
swe)ell FAAES] BFE Edehs A4S wusigon
o) e AUES] HAHY G FAAILS AL
A" CTE PET/CTOlA afle2 ol AfdAS Vvehle
ol eglon 7]E] CTE UiAlslR FAnH, B A5

oA AAEe) A%, wle] 0|4, B, AT A G4 a4
< AgelA 71Estdet.” PETMRIZF =44 PETS

AYAEe e 24 §
2 AgkEglon 0
+ 2-point Dixon MRI HA

O

27 WS Aol ARA ARgA RBA} CTS}
2ol Hg¥ 3 gleh. AAZ ZAAZ A8 CTE AAE

AASH=Y] 20~3027) 422531, MRIE= ¥ (brain)d & FSE
(fast spin echo) F2 A|PAE T, Zz23d4S J& uﬂ 3~4
Ho| o= th ulgha] MRITFS HA A& 3 E3=
S Aoz Z Aot} FHHY TFS FESG AOLEH
olA1¢] PETMRIE =2 #AHES Holu], PETS oJAHS
253l bed @ 2~3%0] 422531, 159 MRI G4
192 F3k 5o gy HAAAZE £ shake] gt
v]-g-2 A<l Wa MAE 5 ek A4l PET/MRIe] o

FZ MR} Al 7 Wi, Hzle) &
[e]

A W] S bl Zelek ¥ 4 glowl cT
dolelsh ul st e o Welshiel e vl & HolF
AL 2 olel Avzs txEs 7] welwt.

A28 o] MRIS} Zo] w] Holol] 2]t Dixon-based
MRI 82 A2 dlelels T, 4z golA tehke, 4
A Aol o3k A F9] o] Dixon H& Al
oA fatonly 4] H3em,® LAY Aol T, 2
% in-phase 3ol 7hg 2 Lhebdeh” w1 SgAe) A1
MRI XA A|FAE Al wleg|gdAel gjis-Ael 9]
& BARA AT, SHA 3D B ARLE
chobdk Plang 8 & 9)

PET/MRIE 37H23l%5(4.1%2.6%x2.6 mm’, 94x256 matrix)
o] CT (512x512 matrix and a soft tissue kernel)ol] B]s}o] o}
& rashe 738 Holth 28]y Martinez-Moller®] o1+

oAl MRIO| 93 8 =zA YzE9 34T t}E o]n)
A A E(Tlw in-jout-of-phase, water-only and fat-only con-
trast) & HHEo] W A2 e ez} 7]5H Q1 A E Aol
T gitke Age ]‘:} op ET/MRI-QP PET/CT Atolel] 234 3
49 Aol7t 9 shgom, crel WA 74
of] vkl A] MRIOﬂH Lﬂ 7H«l e 24 WellA Eddt
7FeAde FAIRE Ao AR

B olof|A] PET/CT®} PET/MRIC] SUV|py-maximum-S
AL 08 o o]t URbH o7 FACAE 3
AlF7E 0.8 o] FolH E2 AWPAE Wevkar Frlsin
(ZQ BHEE), 0.6~082 HEo|3, 04~0.6S AAAA7}
ks Frkeka, 04 winbeld AAIZE glvka H kst
o wheld 2 Al AL F5oll BAIgle] F4E HAY
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W SUViem-Z X & o] &3l H7he Adsirta ks
ok AR QAT FollAE WA AZ7|7F A A ol £F
AA AT BFES Fobd dlole 9 &5 Alwj Eobd
SHER SUVs 2 A& o] gatrla s9de)”

SUVs thekst QQlof oafl of ks wrom gk ulx]
T 2902 o5 2ok 4 WA #Ae] AL Fo v
FTE 12 sto] Al WHOoZ, FDG 4F 7} vl$- vl <k
slar A o] g AgtoAlA = FolFe AFEAFE
I 28" ¢ glvh ddx9 3 U5 F9ke] FDG A
FAE WHld F e a9le] Hu, PETIAE Yitd e
WAzt 9 vlel =2 AHAE Hol7] uiEl SA N
o] 77} FHEAES sull AR FEs] A gow §
B84 & I}(partial volume effect, PVE)el] 2|3l =4 = WAl
o] AAle] WA Hr} YA AZErta 6tk SUVipy-2
%19 dlolel7} A H 83k A4 A7|oA & F-18 FDG
o] 7% TYgslckae st PET <d3ollA A=l 44l
AXNE FI7L oHE ol FE Fokol}t AT Rnk
Iubd o g =2 A&7 Aol kst A7 9L
© B g PET/CTS} PET/MRICA $]kA 3} 91848 Fo]7]
A A Ao Z ALY SUVEew-H A E ¢
gojok & Aolt}” AHA F-18 FDG PET/CT® A4l F-18
FDG PET/MRI®| A-45-9]19] VOIE ©|&3F SUV py-2] %
#H7}= PET/CTES 7|22 PET/MRIS] AL u$- §-9
g xpolE HArh(p<0.0001). 1} EATGHoT Eo
&WBAE 7HATHR >0.8). PET/MRIS] SUVigw H7F Al
263% Fraste] e A zQAE ALY ASe
293% Fraste] kg Zleog  AZgicl. PET/CT9F
PET/MRI®|] & <442 FI5oA= SUVew-H XS A
Sl Aol HelH o 84S wEsle] 4y d7A
EollAl ¥ EFo] =gl #edsy, PET/MRIZ} ko &
A FH Q] AF7h ks o] oA Z izl H

&
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