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SPECT/CT images revealed possible cancer-induced right lower lung perfusion defect; therefore PE could
not be excluded (Fig. A). CT image shows a large right lower lobe mass invading the right lower lobe bronchus
and right inferior pulmonary vein, comparable to the malignant neoplasm of the lower lobe, right bronchus, or
lung (red arrow in Fig. B). Therefore, the perfusion defect was probably secondary to the tumoral invasion of the
pulmonary vessels, and PE was less likely.
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JEEE 7 B 2B 1728 (cancer specific survival) & 5 TIIA 2
B Al 2 » 1A ~ TIB ~ IIC1 #) 5 54 F 28 (5-year
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IRRE o PEAL » B IK 0 WLE AR E 2 [ A2 5 > Ik
FROULHARER MR RS 7R 4G - M L rTRESE 2 88 T T E 551
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77% ° MRI £ = Sa 5 75 B A R AE HE R 140 15 90% o
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/RS A AR E (517
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“F-FDG PET/CT i@ K > Refefitig @bt
HERE FWRERS > AERmAkESRS ~ B ~ 5 ~ BRI - R ~
b RR 55 2288 B W A2l A S SRR
7 1 [45] - Wong S [EIRRPERTSE - % 41 FIREE EITHY
#8361 JH FDG-PET 5% o i = SRR wlta 77 11 »
177 9 1 FDG-PET g # - Wi fEiR R % 35 HIA[H &
HHEAT T 52 R PET R (F R 0 IS - B HH
TEWIE T I E SR > 256 9 #F "F-FDG PET k&g
72 T JRER IR S LR » PET 15 B RERIRIRHY 4 %
H LB R R 5 4 B DL 100% 1 %E i R [
GYBAAR o B E SR W E SR > PET #RERE#
T UK £ 82% » FFEVERS 97% » YEMERE RS 92% ©
ARl 8 R MR R R SR > PET a5 &R At

(EFLE R T E S R (E e
Clinical Value of PET/CT in Cervical Cancer

HIRUER L RS 100% » FFFEMERS 90% » MERETEFS 94% [52] °
2018 £ —{lf % Hh.0 B H [RIEE T "F-FDG PET/CT {H:H
SEBEHETSIE DL 28 {FIEE AN A 153 Bl 5 She R 2 Al
203 BlF = AR E - 1 E SRR SRR AR 13.7%
(21/153) » 7= A ERE S 11.8% (24/203) » H1L P 3E &
(central reader) ""F-FDG PET/CT & & 7 1 = SHIB 4 1Y
FEE 97.7% o Fo FEINE FITRZ M FEIE 43 51 55 79.3%
1 93.1% [53] ° WF523<HH » “F-FDG PET/CT s& = S
IIE 73 BARITE 53 HAR HERE 7732 -

RAFAEE G

PEUE{ L R A (standardized uptake value, SUV) el
G 1 S BT e L) — AL o B 1% > SUV AR
I A 0 B R A R ) ATLE 5 i R e SR U R B %R - ]

2 : "F-FDG PET/CT #5311 SHfE = Uitk O fs i

MEERZ RS 2020;17:1-17
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FATA )5 3 BARO A8 I HE Ay o mT LS A AR HE AL B
SUV #EATEME - tha] DUREE MR & SUV 19 TR E
53 L AREF G I HE © m] LU# A "*F-FDG PET/CT %A@/ 1 T
PR E VRO RE T - B AR Fh ) i RS HE A b A
(SUVmax) [ BT i 964 5 %5 M5 A R B (54 © =iy
SUV B/ b R iE R XA A RE - S DK AR AR 70 L
JEENY SUV BHER S A FEBEAR MR [55] © "F-FDG $##HEUHY
T2 P B e e 4 S A RHRH o SR T SRR P4 BB © Lee 55
NIRHOE T 44 FIARAHREHRREHERLH FIGO 1B-TIA 1
R M SR R ER B 1Y SUV H 7 (i & 5
12.3 < IB1 # (19 7F £ SUVmax £ 9.5+6.2 (SD) » IB2 #f]
7R SUVmax £ 17.0+9.5 » TTA 7P 15 SUVmax £%
15.1£6.4 » HH 2 I AERATE 72252 [56] © Yilmaz T AUX
BT B FESEEE  FGIGHERTEEX T FDG PET/
CT 43 » HRIBIA 25 EE SUVmax 1 (B0 B & 9 5
K SUV #HA1E SUV #H o iF7es 8 - = s E w e
i % 1) ] B e 2 I R R SUVmax 38 1 T 6
[57] ° WFFEZH » [ AERE Y SUVmax B LLTE I EL 4G
A ATRENE  Kidd % AWFFE883 » $2 = $J% FDG
PET 1 SUV f] LLTE Il 3% 45 1Y) TH 1% o B 58 &1 %1 287 4
TA2-1VB R LT RIEEATERFSE > #R$E SUVmax 237 T
= > Hd SUVmax = 52 19 5 FHAEHERR 95% »
SUVmax £ 5.2 1 13.3 Z 8 #Y 5 5 88 4 17 25 70% > 1M
SUVmax > 133 19 5 FHEAEFER S 44% o {EAHAREE > ik
EUREARRE » IR RS R ANE S SUVmax 1Y% 8 & i
SUVmax s ME— 5 ZH) 32 FEHIA - [58] °

Onal % AHUE— 09T » 1F 149 LR E > Bl
i R BORRIE A o0 AR e R B AR L R BIRIE 77 2 AR e R
H I IER SUVmax FHEERIG 2 » JiE 78 4R - &1
SUVmax £5 15.6 M &R #& M 8 E SUVmax £ 28.0 ° ‘54
PEWRELAS SUVmMax = 7.5 B EE IR 2 1EJE SUVmax B
T BN EAS R FEIIRS Ik AL RS 2R
& HIiRE %R T 2R TR - SUVmax /M2 7.5 B #
8 4= 1£28 (Overall survival, OS) FIHESK 42 {£25 (disease-
free survival, DFS) #H& W & o {EZ 8 &M > B2
B8 SUV MG Bk AU S I 2 Pl A R & A2 1 2R (0S)
FIHES 2E f£25 (DFS) By ZTHIL K 3% [59] © Ramlov fff ¢
3T T SUVmax BEIGHE (%A EiT 62 RO BAER » 5830
TEAR SRS EIH SUVmax BHEAEE & (p = 0.02) » BLASEAYK
/NERBERERHLL - EFE AT SUVmax 52 B 285 JivA ol R

J Nucl Med Tech 2020;17:1-17

5 B B FH R K 3R [60] © Sharma %5 38 3l FDG ## 1Y
AT FEIHIAE 5% 7 B SRR I IO R R 1 B R FE 1% » SUVmax
KIE 5.8 BB R 1 M R 4 1728 (1-year progression-
free survival rate) 55 28% * 1l SUVmax /Ni2 5.8 FIEEE B
42% (p = 0.01) [61] ° Lima 3¢ A S} %32 PET 28> &
& SUVmax, SUVmean » {X 31 & /&4 #5 f& (metabolic tumor
volume, MTV) #1 TLG DL Rl R 2 8 » L& T o ~ i3
B~ FIGO 77 WA LA iR 55 > 1 55 PN v 4% S
FIRIERRTREVERT » &M% 7 IR {L#R1% 3 i H FDG PET/
CT HITEIR(EE » 528 SUVmax B LK HE € X
JEE & AL SO 45 SR 2B - AR B e i i S VG Al
f% EORTC [J154E » FDG PET/CT S nJ LA ] S FEl 4=
725 JREEATH A BRI SRR (MTV) M AR e &
(TLG) LAR i B ft B RS 72 S0 vE 5 S MR ) PRI FS AR = (35
NEFRAHERE (MTV) & I ER A FEHERT [62] ©

= SRR N FDG {3 528 14 w] DATE Ik E 5 42
JORJERE ~ EHEEERY SO DL e (8 28 Jabe - K2 8
FDG-avid B % Ik B2 65 9 i AR SH R SUV @ #f af P 1%
FOFERE > AT FEIH 5 SRR AR WIe IR S HE ~ B R
JEUE FZEIR R AR R A 1728 (63, 64] © PET ik ER SR 1
SRR R R AR A AR R (RS PET WS IR MR 1k
(P < .001) ° 145 PET talll Ek EAS R UR BROEAR AL
(I /54 EBIIRSS SR E HIRID ) » R A4
AL BANSEII o MR 2 AS R ICRY O S5
120 f& b L ASZ WG 0 > =A% 2.40 (95%, C11.63-
3.52) > RALEBAK S 5.88 (95%, C13.80-9.09) FlFH &
30.27 (95%, CI 16.56-55.34) ° Yoo 5 AHF 5% = # 5 > 1F
HRZEMZ RZ ot HNEE IR (metabolic tumor
volume, MTV) 195 k1 K& B fidt #8 & (total lesion glycolysis,
TLG) /& N J68 18 %8 Bk e 1Y) 28 S TEAIFR A > w2 7
1558 R AR 1225 - 2012 A 98 vh 42 Hi A 35 e 98 e A
(MTV) [ 5HE 82 cm (P = 0.001) » R EAEREAE R (TLG)
i 5UE 7600 (P = 0.005) [65] °

TEFFE S > PET BB v 8L At =
1 . T XE (complete metabolic response, CMR) *
8 X 3t I e (partial metabolic response, PMR) FIELT
IR (progressive disease, PD) A] THHI A {728 o Schwarz
RIS R 2 G B %M AR FDG-PET #7165 {9l i
# 5t 2 AU S HE (70%) » FR o7 A3 SHE 15 91 (16%) 11
ATV 12 B (13%) © fh M 3 o M 3 Jig 2 7 4R (3-
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year progression-free survival rates) 73 5!l £ 78% ° 33% #lI
0% (P < .001) ; 838 H R » HIBEUR TR R
HIE R (S E > 185389 @B B (hazard ratio, HR) £%
32.57 o S AR FER HR £ 6.30 ° 33 86 LL IR HR Ak
B G AR G SR RETEI AR A4S SR [66] ©

HAWBF 72 EE » B2 PMR / PD #HAHLL » CMR FHAYHE
AAFAR (0S) BHEETE & » Onal FIHF5E » CMR B &1 IYE
HEAAFAS (08S) 66.9% * PMR / PD FE#& IS 12.4% HAREE
& (p < 0.001) [67] ° Beriwal [UHF5% CMR & H1 9.8% {8
0 1M 5.4% [RER1E 5 » 4.5% ZRET - R
BRIREAEAEAR 7 RS 78.9% F1 88.0% [68]

BEETHRaE

TG i A T ) —F B AR e B A S s e
B K P R B S0 A R P Y/ S L A AR 2 R
o 5 SR UG T SR 2 DY R B 2
WIEHRIEE (four-field whole- pelvis radiation therapy) ©
"F-FDG PET/CT # i H &8 Le SO RS - 1% L)
AR 55 bk B2 A5 (PALN) 45 11 8 5 B B v o 58 2L T @R 55
WRELAS (PLAN) A LLEL & 7 HA AT - (2 80AT - 12 HEEF (69,
70] °

REEAE IE RS 52 21568 = B S 7 A 1 0 B B
R JRR PRI A R Y 77 32 o 2 A5 41 R e I 3k P e S g ik
SR R R N o S R f6E FH o R A LU R (Intensity-
Modulated Radiation Therapy, IMRT) 2K 41T o 5 F& 3 $2¢
TG iR B RS ARG 7R A T - B A R o B RGEF 2 J8aT
/NFYER o FE AR A N SRR R o (o R A
=HETTI > REMKER BRI T AR B AR R A AT M R )
JeR AT S kD REARR T RS A 2R 8« AR ~ RGN
/NG R & o HOATEF 216 B AL "F-FDG PET/
CT A » IMRT #1223 ° Esthappan 55 ARIRFZE » 7%
H ""F-FDG PET/CT Fill-& 515 F 1A el 257 5 S 1 ) (X3 ek
JARETE (MTV) » 7E F 257 [ F HY SUVmax 19 40% < LA
PET/CT ) CT 525 H T Fel 25 HH A8 B 1 2 P9 1 g Bl Al
ML 0.7 em 388k 72 A0 3 B ARE W slin 56 - LIBIZEEER
PR E Rk RS AR o BRR B Ak 2 RS REFE I L 0.7 cm
(e BE1 H BT RS AR I A (MRS PTV) © 7ERG
"] PET/CT 5% 1§ L1 € PET [5 14k 245 - LLE 4 MTV
WRERRS o T A -E R N R 4L 39 Gy Y A B 2850
BEIGEE - MTV #EES » PTV R EASFI MTV 15 SE1Y H

MEERZ RS 2020;17:1-17
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f2 8 75 A 43 I ES 30 ~ 60 ~ 50 120 Gy » 7EAA & H
PHEEE - FraHERw e HEEEAREE (71 -

B EL A NE S (Cisplatin) FYLEREEQE MRS & o SRR
SRR R HEEAT IR 2 R Bk 1 S S 3 (A e
FE1k [45] o A TERFFTZRIH o 2030 8 A B HEL T A (] g
B LERG R EE T LA R RE 12 B kS5 ik A5 RS Y
T E SHJE FBE [72-74] © “F-FDG PET/CT %} & % I bk B2
e F R Aek 16 52 5 BB SO R B L R 98 > AR B
I8+ BRS FDG (IR RE & 3 B85 KR IS » “F-FDG
PET/CT 7E CT B& VMY fa B RS A 7 =5 SEFa A bk E2 5 70 9
& — 1A S RGN » FTREE AL 7 R IR R A
LB ML o "F-FDG PET £ 5 1 71 % 74 988 S FE R
RULBHER M 7 A EERNE R [45] o BN ERSEIL
ATREE SRR 775 U H R AT R IK 73 FARHUL T J&)
BRI 5 SEA R ER R FE

Belhocine ¥1 60 # A% 38 B 19 &= S8 R E AT T
PET Ml » SBIEAE 22 WIREHH 4 01 (18%) KIF
WGHEHT 7 AR AE PET W38 (2 B & A B &Ik E A
R - 52 BIEE A NEER ) SEde#a g T &R
REIGHEE - 75 3 Bl > SHRIEIRE ST RO AL
S AE FLHR 1 I3 R T B IR 5 b 2 S A R S S
[75] °

Narayan 3¢ AETT T —HEITE » LUREE @& & o] LU
H "F-FDG PET/CT 8 MRI HU{{ /5 SR 0 A 7 = Sa i
ARG T R FR TR 7 B o (EE R A iR
PET 1RG22 W A0 3= SR SS bk L AS EERS U7 THIHY 91%
A FEHIE fiE (LT A2 LABA bk B A R - B3R - flo B H))
AR KRG AR AT A > MIRT P HERE LA SE LU Bk B4 >
W (€T RS BG T [76] o fRE MRI {178 2 2 I 58 1)
W75 SR o B B A s s & Bl {H/2 PET/ICT &2
1 38 R e ok EEL S R B ) v FEE R AN 773 < A FLH
T SHE R AKER » PET/CT BB 2 ek A5
FTRE o [EMIF = S R & > PET/CT AJ LUEH]
TEBEN ~ BRI LUSAE 32 B A% 55 sk i bk B2 5 iR -
PET/CT th #4385 /2 3D 6 FE M 31 #2165 % (3D Conformal
Brachytherapy) #JH ] T.H [77] - Chao ¢ N #1T 7 —3H
ATHE LA ES - 3% B8R A4S 47 BI7E CT 8 MRI 3
MEEERSS ~ PERTE BB bk D RS 1) - = S A
H o 47 BIRFFE A A 21 # (44.7%) FDG PET 5{ PET/
CT HEE IR EA TR R AR BUCR (44.7%) » B4 © 3
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BAHA n R AERAL (n = 8) » FEEZERAIH (n = 6)
BIFHBEAE TR (n = 4) LIS R BORIE SR AR
fi# (n=3)[78] °

T H216 8 (Brachytherapy) s& — MGG Bl - £
35 7 R I S A S R R S (5 e R
1FE R > HEE E AR i & g RO R -
"F-FDG PET 15 Bl % &1 % A5 P 5 g () e A5 i i 2 e e 1
HE PR & (79 o B *F-FDG PET/CT #ifi Biste] T304
1G5 AT LUEST =HEG AT E - 0 B g s —
e 1E A U RIS AT R 85 T 381 B HERE [80] © Lin 58 A
AT TRIE ST - PSRRI ST IVIRS 1B1 ~ 1B AT B 1Y
11 A PERIR RN = SR 8T 31 REERN
IERGHE LRI PET s lE R s R e et
BRI T I PUEEEEBSUR > (E55 — KIBEE
R AW RESRE K/ NS 56 em® (B 7-137 cm’) » Hr/
e f%— R IRGHRE AN A B K/ N 17 em® (iR
2-38 em’) © WFFERE/R TE R AE BB % 20 % P9 A 21 RE TR
TP T 50% - BRNLEEILIIEN T » B—XK
B 3058 P A A 5 ) 5 2 1] 78 528 (target isodose surface) 47
BB 73% F168% ° H A EACIEIAR / ffz U A
AR E TSR S SR A 8 35 5 00 EL o IR 83% H1 70% e
TEEALETENT 252 EH AR A BRRw SRR - kb
B A ) 6 25 I RS 72 52 [81] © Malyapa 55 A B 3
12 2D TE A2 TR BRI S A - 5 SRR B i A A B L
“F-FDG PET I 3D T Rea T RIB I T T L » 383
45 3D FDG-PET Fil &t - #5578 i & 1 i K5 DA
A5 ) v 2 (5 P 2D R R T B IS A i KR & - G2 3H
IFFEAMERIA 3D IGHREHRIFH S % H 2D et ElE Al
TTAIMERERY - 1M B 3D Fflo /5 (R B PR AS i 0 Rl R B
U T S R S e R T ARV ) (82] o

AERE G

R Je iE 5% FEe ) AN [F] 8 B > 5 S mT LA T+
il RERE ARG R EIT IR - 2 BEIfF9ERA -
“F-FDG PET/CT TEAF& 1A% ME /7 1 E A {E{H  Grigsby
S NGERL T — A B SE - HRIAEM A *F-FDG PET
SR BRI B S iR » i S B R 2 TR AR AT L
o TERZINIREIERTFE A - B 152 19l 7= SHIE R E T T
[ - A B eI AT AR %% 2 5 "F-FDG
PET fiflh o IV IRS FIPE P B e - K

J Nucl Med Tech 2020;17:1-17

% WUEE & R R B2 32 IE 30 (Cisplatin) ZEP)36 % - 1216
B 1-12 8 7 (P 316 A ) #1725 "F-FDG PET fii
1 o AF 114 BB E PG R HY PET fif 1 8 R BN (£ 4]
SLHHY) F-FDG I > H 5 F YR F R A FER (5-year
cause-specific survival) fliZt 5 80% o HHH 20 FIEE 1
B SR B LA (SR MR BRI ) B AR R E Y
"“F-FDG ##HY > 5 F R FF 2L AR AR 32% © 18
B TER WS AR O (R R AT IR AT [R5 ) B "F-FDG
BRIV H AR > B A — B S LA » ILIHR e
B A5 S B IR ATl T > "F-FDG PET 1Y
PR PR A G IR (83]

R =hE

TESRERENE =02 a1 2 ERNEBER -
B3 E BB IER R R 2D 6 (i H 1 IE 5%
[84] - Wong % A58 » #Ffdi "F-FDG PET {E 41 f§iF
T S R T B R R B R MR R - b 35 451
EERRET o #R - B FESEE 2
[RER1E %8 77 1H » "“F-FDG PET Y BURE 5 82% ~ FF M4
55 97% ~ MERELE 5 92% o F i 13 Le £ 1) 3 b e A% J 1
J5 1 » PET BYBUBE 5 100% ~ BF 1L 90% ~ HERE &
7% 94% - ILHFFEE A » PET/CT %} 15 % 1% i i 7%
PR B AR S HEREE - EHEEpRS R B A TR [ E
WA B o seh B2 % B & B ¥ [52] ° Crivellaro 28 A TFE 89
BRI B S R v > 7 B A% FDG ST A3
R £ 9 BT 2 J P b L A e LA S O TR E
$ PET/CT sAGUEIT /0 b7 - G B AR Rk 22 5 SSUAH BRI
S 30 R T B SR A 1) B R PR R A L
HE (SUVmax, SUVmean) » {XH{IERIHERE OMTV) » itk
WERA RS L (TLG) © 13 LL 2 BBk RS RS B 4] G
AR OMHBRAE o M5 RAE 69 A E H - pN1 BER
R IERHETE (MTV) IR FERRAE & (TLG) B =
pNO B2 (p = 0.0006 Fll p = 0.03) » [ 14 A fe e X 3 e
FEHETE (MTV) R VERE AR RS & (TLG) Btk R AR
B o fER5IWFe > WEREINY “F-FDG PET/CT #5475
TEHI/ NS 4 cm 581 FIGO FEEX 1B1 Hll A & S8
IR AL TE%HH R b > 1838 B SUVmax, SUVmean »
(AT IE R BERE (MTV) BURMEREAE & (TLG) Z [HHERA
ZHBAE [85] °
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3 : LI PET/CT

TRPEEAGHES

"F-FDG PET/CT & TGt » nl 2t BamiLh
EERAER A R R LREAE o TR SRR #T R
S R R R E 77 X PTRa Y o B R 577 X
—#8% » "F-FDG PET/CT th/g &/ » o] DLl
BT TRACHE 7 o

MEERZ RS 2020;17:1-17

ARV E RS IR A 2 b el S IR R B A e 225

(a) BRPIEIERRS : 1% "F-FDG T 25 B s
BRIABEHRME » [0k S B0 R PR R s M A
Slfi AT BE BB 2 [ DUPIRE - ERRARAE BT DARG BEAY
1RAE - BN < TEBSIDEHE 22 1% P R 2 I IO Y 8 1 28
PR DA DTS VE G » ] LU SO AR LR RE - & RA%
AR i iy 22 I B AE AR A2 B VE PF-FDG i F B 7 7T o e 7
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RN - ity HH BRI GE IR (86] » M AE HE 7 IARE HEPR B AE
PEMEIESE o fESREIEI N o Sl AR g HREE) -
(B R R I A "F-FDG 24 #IL - i
JARRTREMEIEH = [87] ©

(b) R FERESN X R EAY °F-FDG #BEY - ik
FL M a] IR AR PE-FDG fHY - fEsE M s T
SUVmax fIE /] GEG AN A S » K] 888 R 7 18 BILIRE R 2 JR
(B 2 E AT REREUR (R =AY ""F-FDG $#HY [87] °

C)RBERBANENERANRE : EFMlKT
> A EARAEERT - B "F-FDG fHie
e EIBL > ATRAEF it 78 A *F-FDG PET Al REAE
PR R R S R - fEE B T "F-FDG
PET # [ [ 5 5% {5 7 46 Al "“F-FDG $5 H b8 6% 683 24 (1) #5
EnlRe A ATE B [88] o B R AR FHIAIEC BB 5
71k SUVmax fEREAK » 11 527 T A RET B B 80 8¢
SUVmax {3 — 51 o {H 2 BLIE R il A a] 5% - thay
RERRBHARAY o RILL » BERAE TE IRl / FilriR L%
SUREHAIR T R SELT PET fitfif bR B itk 6-8 58 »
LSBT - FTEEA PET MR IR RS
IRf > SR —TEAF SRR, TR T IR T PET fRH > L
B 95 T B TH R Y 7% 1 v Aek SRR () S AR A RS 1% - T
T BLE IR  TH{Z MR (TR REE T EL B [89] ©

(d) B> EEFE AR VR AL = FH S H i BRI
PET fR B AR A 7/ 0.7 233 098 MR 8 b “F-FDG
BRI SR o (RS MBI > T Re g E A kR
iR o TEG MiiAS ERIEE G - E{ERE A 28 H [55] °
PET R E i A - Gl s G s B ~ #
(PEBRETR] ~ [ RE AR THI 25 1) A 58 BOVE R [ 7 56 4 R R BT
AT LU S8 633 —[HIRE

5

“F-FDG PET/CT ffi 2 —fy)Resa Kt 1
H o a[{ER— IR R It Thse ARSI 225 E - “F-FDG
PET/CT 1t &F i F & S8 ) 8 & Fh A 1F A 2\ 3 8 K -
“F-FDG PET/CT #3855 /& sl Jo &l RT3 B 15 5% P )
WEREM R REE 7L RIEE ARG A AR ey — f
K A5 BB TE o WFSEEE R PET/CT 1 S8 FI I8 vhk B2 i i 5
LUK B e e P E Hr Bl o 7RG > il LI
fit IMRT PO IR S AE (MTV) BIE2% » RmE b
17 H st i 3t & - "F-FDG PET #7192 #{ SUVmax ~

J Nucl Med Tech 2020;17:1-17

(CHHIERAERE (MTV) R AL PSR AR & (TLG) 3Bl fy
R TREIRFEEER AT RE T B » BRI LA PET/CT HBIR
FEFA L RO BR (4t - S R O PR 1 P L B o
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Clinical Value of *F-FDG PET/CT
in Cervical Cancer

Fa-Shun Tsai', Tai-Lin Jiang, Lin-Chun Ou, Cheng-Hui Lee

Division of PET Center, Shin Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan

Abstract
Worldwide, cervical cancer was the fourth most common cancer among women. The purpose of this study is to

introduce cervical cancer and outline the clinical value of '®F-FDG PET/CT in the diagnosis and treatment of cervical
cancer.

The FIGO (International Federation of Gynecology and Obstetrics) staging system is used most often for
cancers of the female reproductive organs, including cervical cancer. Recently, FIGO staging has incorporated
lymph node metastasis into the staging system because it has a significant impact on treatment and prognosis.
In the early stage of cervical cancer, MRI and CT showed quite good sensitivity and accuracy. '®F-FDG PET/CT
performed poorly due to the poor soft tissue resolution and affected by the urine radioactivity. In terms of distal and
lymph node metastasis, '°F-FDG PET/CT shows extremely high sensitivity and accuracy. Studies have shown that
'®F-FDG PET/CT has great value in local and distant lymph node metastasis and subsequent treatment decisions.

'®F-FDG PET/CT provides metabolic information of cancer lesions, and can provide a reference for drawing the
dose area of radiation therapy. Studies have shown that radiotherapy plans optimized with *F-FDG PET/CT images
can achieve better radiation dose distribution for tumors without increasing the radiation dose of peripheral organs.

The parameters as SUVmax, MTV and TLG derived from "®F-FDG PET/CT have gradually become possible
stratification tools for prognostic indicators of patients. The wise use of '°F-FDG PET/CT helps to simplify and direct
patient care, and optimize management of cervical cancer patients.

Key words: PET, PET/CT, '°F-FDG, Cervical cancer
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The Demonstration of the Radiation Shielding Ability
of Lead Apron: A Monte Carlo Simulation Experiment

Fa-Shun Tsai', Tai-Lin Jiang, Lin-Chun Ou, Cheng-Hui Lee

Division of PET Center, Shin Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan

Abstract:

For reducing radiation exposure, there are
three principals: time, distance, and shielding. In
traditional radiological departments, shielding by lead
aprons is the most common protective practice. The
photon energy of the radioisotope used in the nuclear
medicine department is much higher than the X-ray
energy traditionally used in diagnosis. Therefore, it is
questionable whether the lead coat under the same
lead equivalent can provide appropriate radiation
protection for the staff of the nuclear medicine
department. In this study, a Monte Carlo simulation
experiment was used to verify and demonstrate the
shielding effect of lead clothing with a lead equivalent
thickness of 0.5 mm.

Materials and Methods

Using GATE software to simulate 50 keV, 140 keV,
511 keV, 1 MeV single energy photons and X-rays with
tube voltage of 80, 100, 120, 140 kVp, irradiating a 30
x 30 x 30 cm water phantom. Simulate the 10° photons
direct irradiation and irradiated with 0.5 mm thickness
lead shielding, respectively. Record the dose per 1 mm
thickness of water, the unit is Gray (Gy).

Results
Without lead shielding, the radiation doses for
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X-rays irradiated with water with a tube voltage of 80,
100, 120, 140 kVp were 6.05x10®, 6.53x10°, 6.96x 10
® 7.35 x 10°® Gy, the doses with 0.5 mm lead plate
were 2.47x10°, 5.11x10°, 6.10x10°, 7.09x10”° Gy.
The remaining dose with lead plate were 4.08%, 7.81%,
8.76%, and 9.65% of no lead plate was used. Lead
plate which had a significant effect on X-ray protection.
Under the irradiation of 50 keV, 140 keV, 511 keV and
1 MeV single energy photons, the radiation dose of the
water phantom were 6.51x107, 1.43x107, 5.79x10°
7. 1.12x10° Gy, respectively. The dose of protection
using 0.5 mm lead plate were 1.04x10°, 3.96x10°,
5.42x107, 1.09x10° Gy. The exposure after using lead
protection is 1.59%, 27.76%, 93.54%, 97.25% of no
lead plate was used, which performance is not good for
511 keV and 1 MeV photons protection.

Conclusion

The simulation data shows that the lead clothing,
commonly used in clinical practice with an equivalent
thickness of 0.5 mm, has a very good protective effect
on X-ray irradiation of 80, 100, 120, 140 kVp, and the
staff of traditional radiation inspection units should
indeed wear protection. The photon energy of the
radioisotope used by the nuclear medicine department
is higher, and the protective effect of lead clothing with
a lead equivalent thickness of 0.5 mm is not ideal. For
positron imaging 511 keV high-energy photons, the
protection of lead plates with a thickness of more than 4
mm is required to achieve 50% of the protection effect.
In practice, it is impossible to wear such a thickness
of lead coat protection. It should be considered to
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optimize the work process to reduce exposure time
and sufficient thickness of lead bricks and lead plates
should be considered.

Key words: lead apron, Monte Carlo simulation, X-ray,
radiation dose, radiation protection

J Nucl Med Tech 2020;17:19-27

There is no doubt that radiation exposure in sufficient
amounts can cause harm. There are three general guidelines
for controlling exposure to ionizing radiation: minimizing
exposure time, maximizing distance from the radiation source
and shielding yourself from the radiation source. It also
called the “TDS principals”: time, distance, and shielding.
There are many shielding devices such as caps, lead glasses,
thyroid protectors, aprons, radiation reducing gloves, and so
on. In traditional radiological departments, shielding by lead
aprons is the most common protective practice [1].

X-rays are high-energy photons, which produced
by bombarding a metallic anode with electrons. The
x-ray spectrum produced by the x-ray tube including
the bremsstrahlung radiation and characteristic x-rays.
Bremsstrahlung radiation is a continuum with maximal
energy at a keV equal to tube voltage. Characteristic x-rays
are due to electron ejection events; the hole is filled by
another electron, which emits an x-ray at a specific energy.
Note that the average energy of the beam is much less than
the peak energy; a rule of thumb is that it would be 1/3 of the
maximum energy [2]. The average energy of x-rays with tube
voltage of 120 kVp is around 40 keV.

Nuclear medicine department uses small amounts
of radioactive materials called radiotracers for imaging
diagnosis, evaluate or treat a variety of diseases. Radiotracers
are molecules labeled with a radioactive isotope. The most
common radioisotope used in image diagnosis is technetium-
99m (*"Tc), emits readily detectable gamma rays with a
photon energy of 140 keV [3]. Positron emission tomography

is a branch of nuclear medicine imaging. PET technique uses

J Nucl Med Tech 2020;17:19-27

positron emission isotope labeled radio-tracer for imaging.
As the radioisotope undergoes positron emission decay, it
emits a positron, an antiparticle of the electron with opposite
charge. The emitted positron travels in tissue for a short
distance until it decelerates to a point where it can interact
with an electron. The encounter annihilates both electron and
positron, producing a pair of 511 keV annihilation gamma
photons moving in approximately opposite directions [4].

Shielding by lead aprons is the most common protective
practice In radiology department. Lead protective garments
are standard required protection to anyone being exposed to
radiation. Lead aprons and vest garments need to be between
0.35 and 0.5 mm lead equivalent thickness. The garments
not only protect the covered organs but also reduce the total
body effective dose of exposure as much as 16-fold [5].
The photon energy of the radioisotope used in the nuclear
medicine department is considerably higher than that of the
X-rays traditionally used in the diagnoses. Is 0.5 mm lead
equivalent thickness lead apron still performance well in
nuclear medicine department?

In this study, we attempt to use the Monte Carlo
simulation program to verify and demonstrate the shielding
effect of lead clothing with a lead equivalent thickness of 0.5

mm.

Materials and Methods
The GEANT4 Application for Emission Tomography

(GATE) encapsulates the GEANT4 libraries in order to
achieve a modular, versatile, scripted simulation toolkit
adapted to the field of nuclear medicine. In particular,
GATE provides the capability for modeling time-dependent
phenomena such as detector movements or source decay
kinetics, thus allowing the simulation of time curves under
realistic acquisition condition [6, 7]. All of the Monte Carlo
simulations were performed using the GATE version 7.2
with GEANT#4 version 4.10 in this study. System geometric
setting: The Photon source set as “General Particle Source”.
Source surface distance (SSD) is 5 cm, the beam shape as a
3mm wide pencil beam. The lead plate with 0.5 mm (Pb 0.5

mm) thickness is 1cm above the water phantom.
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Monte Carlo Simulation to Demonstrate the Shielding Ability of Lead Apron

Each test simulates 10° photons of 50, 140, 511, 1000
keV mono-energy photons and 80, 100, 120, 140 kVp
tube voltage x-rays irradiating on 30 x 30 x 30 cm water
phantom. The x-ray spectrum is generated by SPEKTR 3.0
[8]. The SPEKTR is a computational toolkit witch has been
developed to calculate x-ray spectra based on the TASMICS
algorithm, updating previous work based on the TASMIP
spectral model. The toolkit includes a Matlab function
library and improved user interface (UI) along with an
optimization algorithm to match calculated beam quality with
measurements. The SPEKTR 3.0 setting GUI as illustrated in
Figure 1.

The beam hits the water cube surface and deposits a
dose under the surface of the water. A “DoseActor” with
matrix size 1 x 1 x 300 is attached to the water cube.
The volume of the water cube is divided into 300 slices
perpendicular to the incident beam. At each slice the

deposited energy is computed. This actor recodes 1D dose

distribution of the dose deposited and the number of hits in a

given volume. The unit of dose deposited is Gray (Gy).

Result

A plot of number of photons per energy interval versus
photon energy is referred to as a photon spectrum. The
X-ray spectrum incents the water cube with and without lead
shielding were showed as Figure 2. The maximum energy in
kiloelectron volts (keV) is numerically equal to the voltage
difference between the anode and the cathode in kilovolts
peak (kVp). You can see that the area under the curve is
significantly reduced. The 0.5 mm lead plate as a filter,
resulting in selective attenuation of lower energy photons.

In Geant4, when a hit occur, energy is deposited along
a step line. We plot the x-ray dose deposition along the depth
of the water absorber as Figure 3. The absorbed dose corves
with Pb 0.5 mm shielding were significantly lower than

these without shielding. Total absorbed dose within the water

<10t X-Ray Spectrum

R T Y

Photoas { mm’ / mAs
at | fem from the source

SPEKTR 3.0

Figure 1. The GUI of the SPEKTR 3.0 software. The GUI allows users to generate x-ray spectra, modify filtration, and

calculate beam-quality characteristics.
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Figure 2. Simulation x-ray spectrum with and without lead shielding.

phantom in each X-ray simulation were showed as Table 1.
The lead plate with a thickness of 0.5 mm effectively reduces
the radiation dose to less than one tenth.

The single energy gamma ray simulation shows a
different result. We plot the single energy gamma photon
dose deposition along the depth of the water absorber as
Figure 4. Total absorbed dose within the water phantom in

each X-ray simulation were showed as Table 2.

Discussion
Lead aprons are used in medical facilities to protect

workers and patients from unnecessary x-ray radiation
exposure from diagnostic radiology procedures. A lead

apron is a protective garment which is designed to shield

J Nucl Med Tech 2020;17:19-27

staff’s body from harmful radiation, usually in the context
of medical imaging [9]. The most common lead protective
clothing in the radiology department is the lead apron with a
lead equivalent thickness of 0.5 mm [10]. Our Monte Carlo
software simulation results show that 0.5 mm thickness of
lead can effectively block those X-rays commonly used
in general radiological image scans. Lead aprons are the
primary radiation protective garments used by personnel
during fluoroscopy. The radiation protection provided by
a lead apron is approximately the same as 0.25 to Imm
thick lead. In previous research, an apron with 0.5-mm
thickness can attenuate approximately 90% or more of the
scatter radiation [11]. And lead glasses with 0.5 or 0.75 mm

thickness can reduce more than 95% of scatter radiation

Vol. 17 No. 1 December 2020
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Figure 3. The absorbed dose in water cube calculated by GATE 7.2 with 80, 100, 120, 140 kVp x-ray.

Table 1. Total absorbed dose within the water phantom in X ray simulation

Total absorbed dose within the water phantom

Direct irradiation With Pb 0.5 mm shielding .
Tube voltage Dose remain
(Gy) (Gy)
80 kVp 6.05x%x 10" 247 x10° 4.08%
100 kVp 6.53 x 10 5.11x 107 7.81%
120 kVp 6.96 x 10 6.10 x 10” 8.76%
140 kVp 735 % 10 7.09 x 10” 9.65%
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Figure 4. The absorbed dose in water cube calculated by GATE 7.2 with 50 keV, 140 keV, 511 keV, 1 MeV single energy
gamma ray.

Table 2. Total absorbed dose within the water phantom in gamma ray simulation

Total absorbed dose within the water phantom

Photon Direct irradiation With Pb 0.5 mm shielding )
Dose remain
Energy (Gy) (Gy)
50 keV 651 x 10 1.04 x 10° 1.59%
140 keV 143 x 107 3.96 x 10* 27.76%
511 keV 5.79 x 10” 542 x 107 93.54%
1 MeV 1.12x 10°® 1.09 x 10°° 97.25%

J Nucl Med Tech 2020;17:19-27 Vol. 17 No. 1 December 2020



LAGEH T IR EE BT 58 IR T 31 LR

Monte Carlo Simulation to Demonstrate the Shielding Ability of Lead Apron

[11]. The simulation data of the lead apron is consistent with
previous research results.

The photon energy received in the nuclear medicine
department is high than radiology department. During
the tracer injection and certain procedures, workers will
be exposed to radiation. The simulation data of this study
confirms that under the irradiation of 140 keV photons of
»"Tc, the lead apron with lead equivalent thickness of 0.5
mm can still reduce the dose to the of 30%. Lead apron
can still be used as a protective tool when it is necessary to
contact mTc isotope operation.

During the PET scan operation, staff will be exposed
to the 511 keV photon exposure. High photon energy also
enables gamma rays to penetrate materials. In our simulation
result, through the 0.5 mm lead plate, 511 keV photons will
still cause almost 94% of the dose without shielding. The
lead apron with lead equivalent thickness of 0.5 mm shows
poor protection on high-energy photon exposure. When the
photon energy reaches 1 MeV, the 0.5 mm lead plate has
almost no protective effect.

An alternate way to compare the shielding requirements
for X-ray and high energy gamma ray is to compare the half-
value layer (HVL). The HVL is that thickness of material
that will decrease the amount of exposure by one-half. The
HVL for 511 keV photons in lead is 4.02 mm for photons [12].
The HVL for 50, 70, 100, 150 kVp X-ray in lead were 0.06,
0.17,0.27, 0.3 mm [13]. As expected, the HVL for positron
emitters is about 13 to 66 times greater than for X-ray. If
you want to achieve the same protective effect, positron
radiography staff must wear 13 lead aprons. That is a very
heavy weight beyond the human could ever lift. Anecdotal
experience has suggested that back pain in radiologists may
result from extensive wearing of lead aprons [14]. Staffs in
PET scanning department should use fixed lead shielding
plate or minimizing exposure time, maximizing distance

from the radiation source to reduce radiation exposure.

Conclusion
The simulation data shows that the lead clothing,

commonly used in clinical practice with an equivalent

REEFSBASE  2020;17:19-27

thickness of 0.5 mm, has a very good protective effect on
X-ray irradiation of 80, 100, 120, 140 kVp, and the staff of
traditional radiation inspection units should indeed wear
protection. The photon energy of the radioisotope used by
the nuclear medicine department is higher, and the protective
effect of lead clothing with a lead equivalent thickness of 0.5
mm is not ideal. For positron imaging 511 keV high-energy
photons, the protection of lead plates with a thickness of
more than 4mm is required to achieve 50% of the protection
effect. In practice, it is impossible to wear such a thickness of
lead coat protection. It should be considered to optimize the
work process to reduce exposure time and sufficient thickness
of lead bricks and lead plates should be considered. The lead
apron is only effective when it matched with the appropriate
radiation energy and is used in a safe and regularly inspected

environment.
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Abstract:

The *"Tc-methylene diphosphonate (**"Tc-
MDP) whole-body bone scan can help diagnose a
number of bone conditions, including cancer of the
bone or metastasis, location of bone inflammation
and fractures, stress fractures and bone infection. We
share two patient cases. One patient had a past history
of breast cancer and the other had a past history of
thyroid cancer. They underwent a follow-up *°"Tc-
MDP whole-body bone scan. However, the occasional
extraskeletal 99mTc-MDP uptake in the pelvis was
displayed; therefore, SPECT/CT imaging was acquired
following the local planar image. Uterine leiomyoma
was impressed.

Key words: *"Tc-MDP whole-body bone scan,
SPECT/CT, Uterine leiomyoma
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Introduction

Uterine leiomyomas are an important problem in
women's health [1], occurring from the overgrowth of
smooth muscle and connective tissue in the uterus [2], and
ranging from sizes small enough to not be palpable or visible
by ultrasonography to one large enough to distort a woman's
abdominal contour mimicking pregnancy. *"Tc-methylene
diphosphonate (*"Tc-MDP) whole-body bone scan can help
diagnose a number of bone conditions, including cancer
of the bone or metastasis, location of bone inflammation
and fractures, stress fractures and bone infection. SPECT/
CT can provide not only functional information but also
anatomical information. We share two cases with occasional

extraskeletal uptake of uterine leiomyoma in the pelvis.

Case reports

We share two patients with impression of uterine
leiomyoma on “"Tc-MDP whole-body bone scan and
SPECT/CT imaging. One patient had a past history of breast
cancer and the other had a past history of thyroid cancer.
They received a follow-up *"Tc-MDP whole-body bone
scan. The bone scan was performed three hours after an
intravenous injection of 20 mCi *"Tc-MDP.

The first patient was a 72-year-old woman and had a
past history of infiltrating duct carcinoma of the right breast.

Bone imaging showed low probability of bone metastasis.
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However, the mild abnormal accumulation of radiotracer was
shown in the pelvic cavity (arrow in Figure 1A). SPECT/
CT imaging of the pelvis was acquired following the local
planar image. The calcification spots in the uterus were also
demonstrated on SPECT/CT imaging (arrow in Figure 1B)
and uterine leiomyoma was impressed.

The second patient was a 55-year-old woman and had
a past history of thyroid papillary carcinoma. Bone imaging
showed low probability of bone metastasis. However, the
focal extraosseous accumulation of radiotracer was shown in
the pelvic cavity (arrow in Figure 2A). SPECT/CT imaging
of the pelvis was acquired following the local planar image.
SPECT/CT imaging demonstrated radiotracer accumulation
around large uterine leiomyomas with dystrophic

calcifications (arrow in Figure 2B).

Discussion
The accumulation of *"Tc-MDP is by both chemical

adsorption onto the surface of the hydroxyapatite in bone and

J Nucl Med Tech 2020;17:29-32

incorporation into the crystalline structure of hydroxyapatite
99m,

[3]. The advantages of = Tc-MDP bone scintigraphy include
high sensitivity in detecting bone metastasis [4] and the
ability to rapidly survey the entire skeleton.

In our two patients, the soft tissue accumulation of
#"Tc-MDP in the pelvic cavity was shown on the planar
image. SPECT/CT of pelvis was performed for these two

#mTe-MDP accumulation was

patients and the area with
shown to demonstrate uterine leiomyoma with calcification
of solid mass.

The major limitation of *™

Tc-MDP bone scintigraphy
is its non-specificity. The soft tissue accumulation of *"Tc-
MDP on bone scans is occasionally seen, and the etiologies
of soft-tissue uptake, organized according to mechanisms
of accretion: (1) metastatic calcification, (2) dystrophic
calcification, (3) metabolic uptake, and (4) compartmental
sequestration [5]. Calcium deposition in the soft-tissue
can be found in a variety of disease processes (such as

ischemia, necrosis, metastatic calcification in renal failure, or

Figure 1. A 72-year-old woman had a past history of infiltrating
duct carcinoma of the right breast and received a follow-up bone
scan. Bone imaging showed low probability of bone metastasis.
However, the abnormal accumulation of radiotracer was shown in the
pelvic cavity (arrow in A). The calcification spots in the uterus were
also demonstrated on SPECT/CT imaging (arrow in B) and uterine
leiomyoma was impressed.

Vol. 17 No. 1 December 2020
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hypercalcemia of any cause), it is conceivable to find uptake
of the bone radiotracer in any organ in the body [6]. CT
findings of uterine leiomyomas and their secondary changes,
including cystic degeneration, calcification, infection,
necrosis, fatty degeneration, and sarcomatous degeneration
[7].

In our two patients, CT imaging demonstrated soft
tissue mass with calcifications and uterine leiomyoma
was impressed. However, a reverse relationship was noted
between severity of CT calcification and intensity of *"Tc-
MDP accumulation. The first patient had a higher percentage
of calcification in her uterine leiomyoma on SPECT/CT

imaging and the ™"

Tc-MDP uptake was mild. In contrast,
the second patient had a lower percentage of calcification in
her uterine leiomyoma on SPECT/CT imaging and the *"Tc-
MDP uptake was intense.

SPECT/CT is a very valuable modality for application
in nuclear medicine; however, multimodality examinations
result in increased radiation exposure dose and must be used
under reasonable conditions that could improve the quality of

diagnosis in the nuclear medicine department.

BEEFS EASE  2020;17:29-32
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Figure 2. A 55-year-old woman had a past history of thyroid papillary
carcinoma and received a follow-up bone scan. Bone imaging showed
low probability of bone metastasis. However, the focal extraosseous
accumulation of radiotracer was shown in the pelvic cavity (arrow in
A). Radiotracer accumulation around large uterine leiomyomas with
dystrophic calcifications was impressed on SPECT/CT imaging (arrow in
B).
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Cancer Related Pulmonary Perfusion Defect Demonstrated
by Tc-99m Macroaggregated Albumin Single-Photon
Emission Computerized Tomography
(SPECT)/Computed Tomography (CT)
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Abstract

A 68-year-old man with a history of left tonsil
cancer, supraglottic cancer, open pulmonary
tuberculosis and chronic kidney disease was suspected
of pulmonary embolism. Poor renal function impeded
computed tomography pulmonary angiography with
iodinated contrast medium; ventilation-perfusion scan
was ordered. However, we performed SPECT/CT
instead because of its superior accuracy. Perfusion
SPECT/CT showed large area of lobar perfusion defect
in the right lung, possibly because cancer. Pulmonary
tuberculosis was suspected etiology for the perfusion
defect at the left lung apex. SPECT/CT provides more
information than traditional planar ventilation-perfusion
scan.

Key words: pulmonary embolism, chronic kidney
disease, ventilation/perfusion scan, SPECT/CT
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Figure 1.

A 68-year-old man with dyspnea was suspected of acute
pulmonary embolism (PE). He had a history of left tonsil
cancer, supraglottic cancer, open pulmonary tuberculosis
(TB), and chronic kidney disease. Computed tomography
(CT) pulmonary angiography (CTPA) with iodinated contrast
medium was contraindicated owing to poor renal function.
A ventilation-perfusion (V/Q) scan was referred to exclude
PE. Technological advances in V/Q single-photon emission
computerized tomography (SPECT) permits accurate
diagnosis of PE without iodinated contrast administration
and is more sensitive than CTPA and traditional planar V/
Q scanning (1-2). Latest improvement, hybrid tomography,
combines low-dose CT scan with V/Q SPECT scan. V/Q
SPECT/CT presumably has the best diagnostic accuracy for
PE among CTPA, planar scintigraphy, V/Q SPECT, and V/
Q SPECT/CT (1-7). Moreover, perfusion only SPECT/CT
can detect PE with high diagnostic efficiency (8-12). We
chose perfusion SPECT/CT because of his history of open
pulmonary TB.

We used a SPECT/CT system (Discovery NM/CT
670 pro, GE Healthcare, Haifa, Israel) for imaging. Planar
perfusion images were acquired in the supine position
with intravenous injection of 185 MBq (5 mCi) Tc-99m-
macroaggregated albumin (Tc-99m-MAA). Image acquisition
used low energy, high-resolution collimator, and images
for 500,000 counts were obtained in the anterior, posterior,
bilateral, right and left anterior, and posterior oblique views.

Planar data used a functional imaging workstation (Xeleris
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Figure 1.

version 3.1, GE Healthcare) for lung analysis. Fig. 1 shows
extensive lobar perfusion defect at the right lung (red
arrows) possibly caused by PE, secondary to tumor, radiation

pneumonitis, airway infection, other insult, etc.

Figure 2.
A, Fusion images were acquired with GE hybrid

SPECT/CT scanner, 30 minutes after planar perfusion

imaging (CT parameters: 120 kVp, 20 mAs). A fusion
program (Volumetrix MI) projected the scanned images
onto the anatomical images obtained by CT to visualize
3-dimension colorized lung perfusion data. SPECT/CT
images revealed possible cancer-induced right lower lung
perfusion defect; therefore PE could not be excluded.
B, Plain CT scan was performed with a 160 slice multi-
detector CT scanner (AQUILON PRIME 160 TOSHIBA,

Figure 2.

J Nucl Med Tech 2020;17:33-37
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JAPAN) with a scan area, 40 mm; slice thickness, 0.5 mm;
tube voltage, 120 V; with automatic exposure control. The
acquired image shows a large right lower lobe mass invading
the right lower lobe bronchus and right inferior pulmonary
vein, comparable to the malignant neoplasm of the lower

lobe, right bronchus, or lung (red arrow).

Figure 3.

The left lung apex shows Tc-99m-MAA perfusion
defect (A), corresponding to the cavitary lesion on chest
radiograph (B, red arrow), possibly caused by TB. Acute PE
is an important clinical complication with a high mortality
rate (10- 30% if untreated, reducible 2 to 8% with treatment)
(13). In contrast, excessive anticoagulant therapy can induce
hemorrhage. Planar V/Q scan is optimal to diagnose PE
when CTPA is contraindicated or unavailable. However,
planar V/Q scanning has limitations. Planar imaging, a
2-dimensional technique has inherent limitations, especially
due to overlapping anatomic segments. Assigning defects to
specific lung segments is often difficult, potentially resulting
in relatively high rate of indeterminate diagnosis. SPECT/
CT is considered superior to SPECT, with the advantage of
anatomic correlation (8-12). Herein, Tc-99m-MAA perfusion
SPECT/CT is a feasible alternative to CTPA, and more

informative than traditional planar V/Q scan, with or without

SPECT.
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False Positive Chest PET/CT Due to Arm Positioning
in Patients with A History of Intercostal Surgery

Li-Chun Wu, Yu-An Yen, Chiang-Hsuan Lee"

Department of Nuclear Medicine, Chi Mei Medical Center, Tainan, Taiwan

Introduction

Whole-body positron emission tomography/
computed tomography (PET/CT) can be performed
with patients’ arms positioned upward or downward
and during tidal breathing. However, in patients with
head and neck cancer, and melanoma and those
who experience difficulty in lifting their arms, PET/
CT images may be obtained with the arms positioned
downward.

Case Presentation

We report two cases of thoracic artifact identified
due to arm positioning and during tidal breathing in
patients with a history of intercostal surgery. Both
patients with cancer had a history of intercostal
surgery, and recurrence was suspected in both cases.
Moreover, when PET/CT images were obtained with the
patients’ arms positioned downward, incidental pleural-
based masses were identified. However, the masses
were less apparent when images were obtained with
the patients’ arms positioned upward, and no significant
fluorodeoxyglucose uptake was noted. Diagnostic chest
CT revealed that the size of the masses decreased,
and they were consistent with thoracic artifact due to
fibrosis.

Conclusions
To the best of our knowledge, no similar case has
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been reported to date, and this study highlights the
importance of surgeries considering the possibility of
occurrence of this problem to reduce the incidence of
misdiagnosis and that resection is unnecessary.

Key words: PET/CT, Thoracic artifact, Pleural-based
mass, Intercostal surgery, Tidal breathing
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Introduction
Patients with buccal cancer typically present with

increased fluorodeoxyglucose (FDG) uptake, and in such
conditions, metastasis to the lungs is most commonly
observed. Positron emission tomography/computed
tomography (PET/CT) has a high sensitivity in detecting
distant metastases [1] and lung cancer [2,3].

To avoid the occurrence of streak artifact caused by the
positioning of the arms downward [4,5], dual-point-time PET
could be performed to improve and enhance sensitivity and
specificity [6]. Our routine protocols are as follows. Initial
whole-body imaging is performed from the top of the head
to the feet with the arms positioned downward during tidal
breathing using low-dose spiral CT without contrast [7,8].

Delayed imaging is performed in two steps [7,8]: (1)
The head and neck with the arms positioned downward and
(2) from the apex of the lungs to the mid-thigh with the arms
positioned upward.

Herein, we report two cases of thoracic artifact
identified due to arm positioning and during tidal breathing

in patients with a history of intercostal surgery. To the best
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of our knowledge, no similar case has been reported in the

literature.

Case Presentation
Case 1

A 49-year-old man was diagnosed with T2ZNOMO left
buccal cancer 4 years prior to presentation, and he underwent
surgical resection. Two years later, a left lung nodule was
surgically removed via the left fifth intercostal space, and
metastasis was pathologically confirmed.

Follow-up diagnostic chest CT revealed a new small
nodule in the left lung. Recurrence was suspected and PET/
CT was performed. The newly detected nodule showed no
FDG uptake. However, the initial PET/CT images showed
an incidental left lateral pleural-based mass abutting in
the fifth intercostal space. This mass decreased in size and
retreated into the space on the delayed PET/CT images, and
no FDG uptake was observed on the initial or delayed PET
images. In addition, the revised prior diagnostic chest CT
image showed no abnormality at this site (Figure 1). Follow-
up diagnostic chest CT image obtained after 3 months
showed no abnormality at this site. Therefore, this mass was
considered consistent with a fibrotic artifact identified due
to the positioning of the arms downward and during tidal

breathing.

Case 2

A 69-year-old man was diagnosed with TIbNOMO right
lung cancer 3 years prior to presentation. The nodule was
surgically excised via the right seventh intercostal space, and
adenocarcinoma was pathologically confirmed.

Based on the follow-up diagnostic chest CT, a new
right upper lung nodule was detected. Recurrence was
suspected, and PET/CT was performed that revealed no
significant increase in FDG uptake. However, the initial
PET/CT images showed an incidental right lateral pleural-
based mass abutting in the seventh intercostal space. The
size of the mass decreased and retreated into the space on
the delayed PET/CT images, and a mild FDG uptake was

observed on the initial PET/CT images. However, no more

J Nucl Med Tech 2020;17:39-44

increase in FDG uptake was noted on the delayed PET/CT
images. In addition, the revised prior diagnostic chest CT
image showed less prominence at this site (Figure 2). The
mass was consistent with thoracic artifact due to fibrosis that

was attributed to prior surgical changes.

Discussion
Buccal cancer with lung metastasis is usually

characterized by an increased FDG uptake; however,
metastasis was unlikely to occur in the case 1 patient with
left pleural-based mass without FDG uptake. The initial
and delayed PET/CT images were obtained during tidal
breathing and with different arm positions, which probably
accounted for the observed changes in mass size. On prior
diagnostic chest CT, we observed chest wall dilation during
deep inspiration and a thin mass that retreated into the fifth
intercostal space. Furthermore, the left lateral pleural-based
mass was identical to that observed at the prior surgical site,
which was consistent with prior intercostal surgical changes,
such as subtle fibrosis.

Lung cancer is usually characterized by a significantly
increased FDG uptake. In case 2, the right pleural-based mass
had a mild FDG uptake on the initial PET/CT images, and no
more increase in FDG uptake was observed on delayed PET/
CT images. It was also consistent with an artifact caused by
contracted fibrosis identified due to the positioning of the
arms downward and during tidal breathing.

Diagnostic chest CT with the arms positioned upward
and during full inspiration can dilate the chest. Thus, thoracic
artifacts are not commonly identified. However, whole-
body PET/CT images are usually obtained with the arms
positioned downward and during tidal breathing. In addition,
thoracic artifacts are more common in patients with a history

of intercostal surgery.

Conclusion
In patients with a history of intercostal surgery, PET/

CT images obtained with the arms positioned downward and
during tidal breathing may reveal thoracic artifacts near the

surgical site of the pleura. This study is helpful in prompting

Vol. 17 No. 1 December 2020
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Fig. 1 Case 1: Axial (upper) and coronal (lower) positron emission tomography/computed tomography (PET/CT) images and
diagnostic chest CT image. PET/CT images obtained with the arms positioned downward and during tidal breathing (A) show
a mass (red crosshair); corresponding delayed images obtained with the arms positioned upward and during tidal breathing (B)
shows that the lesion decreased in size and retreated into the fifth intercostal space. This mass does not show fluorodeoxyglucose
uptake. Diagnostic chest CT (C) shows no abnormality at this site.
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Fig. 2. Case 2: Axial (upper) and coronal (lower) positron emission tomography/computed tomography (PET/CT) images and
diagnostic chest CT image. PET/CT images obtained with the arms positioned downward and during tidal breathing (A) show
a mass (red crosshair); corresponding delayed images obtained with the arms positioned upward and during tidal breathing (B)
shows that the lesion decreased in size and retreated into the seventh intercostal space. The mass decreased in size and retreated
into the space on the delayed PET/CT images. However, mild FDG uptake is observed on the initial PET/CT images, and no
significant increase in FDG uptake is noted on the delayed PET/CT images. Prior chest diagnostic chest CT (C) image shows
less prominence at this site.
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surgeries to identify this problem to reduce the incidence of

misdiagnosis and resection may not be necessary.
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