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[ Abstract] Objective To compare four reconstruction algorithms of ** F-fluorodeoxyglucose ( FDG)
PET/CT on standardized uptake value (SUV) of pulmonary nodules. Methods A total of 46 patients (27
males, 19 females; median age: 66 (range: 44-82) years) with solid pulmonary nodules from February
2018 to July 2019 in the First Hospital of Shanxi Medical University who performed "*F-FDG PET/CT ima-
ging were enrolled. All PET/CT images were retrospectively reconstructed by using four algorithms reconstruc-
tions including ordered subset expectation maximization (OSEM), OSEM+ time of flicht (TOF), OSEM+
TOF+ point spread function ( PSF) and block sequential regularized expectation maximization ( BSREM)
(G1-G4). Nodule and background parameters were analyzed semi-quantitatively and visually. The maxi-
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mum of SUV(SUV ), mean of SUV(SUV,,,) and peak of SUV (SUV ) were collected by the region

of interest (ROI). Nodules were divided into small nodule group ( diameter <10 mm) and large nodule

max mean

group (10 mm < diameter <30 mm). Kruskal-Wallis rank sum test and Bonferroni method were performed
to compare the differences of SUVs between G1-G4, and Spearman correlation analysis was used to analyze
the correlation between the change rate of SUV (%ASUV) and the diameter of nodules. The receiver operating
characteristic (ROC) curve analysis was used to analyze the diagnostic efficacy of SUV for the differential di-
agnosis of pulmonary nodules and to get the optimal threshold. Results There were 114 pulmonary nodules
(large nodules, n=55; small nodules, n=59). In visual analysis, the visual detection rates of small nod-
ules in G4 were 55.93%(33/59) , 44.07%(26/59) , 20.34% (12/59) higher than those in G1-G3. Of 114
pulmonary nodules in 46 patients, there were differences in SUV, and SUV _ between G1-G4 ( median
SUV, ... :2.65-5.29, median SUV . :2.05-2.99; H values: 20.628 and 17.749, respectively, both P<
0.001), G4 had significant increases compared to G1 in SUV  (median 5.29 and 2.65, P<0.001) and
SUV . ...(median 2.99 and 2.05, P<0.001). The %ASUV , (median: 4.45%-52.96%) and %ASUV ..
(median; 1.69%—-47.56% ) were negatively correlated with the diameter of nodules (9.75(6.20, 16.58)
mm; r, values: —0.371 to —=0.354, -0.371 to —0.320, all P<0.001). In 59 small nodules, G1 significantly
increased the SUV __ of G4 (median 4.05 and 2.14, H=18.327, P<0.001), while G4 significantly in-
creased the SUV__  of G1 and G3 (median 2.31, 1.26 and 1.53, H=16.808, P<0.05). There was no sig-
nificant difference in SUVs between G1-G4 in 55 large nodules ( H values; 0.812-7.290, all P>0.05).
The optimal threshold values of SUV  in G1-G4 were 4.335, 5.185, 5.410, 5. 745 and the area of under
curves (AUCs) were 0.747, 0.699, 0.756, 0.778 respectively. The AUC of SUV__  and SUV,,

similar trend. Conclusion Among the four reconstruction algorithms, BRERM can not only enhance the im-

mean

also showed a

mean eak
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age quality, but also significantly improve the SUV__ and SUV

max mean

of lung nodules diameter below 10 mm,

and thus its diagnostic threshold of SUV should be appropriately increased.

[ Key words] Lung neoplasms; Positron-emission tomography; Tomography, X-ray computed; Im-

age processing, computer-assisted; Deoxyglucose
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TR AS ) (OSEM+TOF ( KAFAfE]+3 Yk, 17 4
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(2) BRI S BN I, B CT M2t 4 FhEE
FEEEN PET BURIL RN ZLE] PETVCAR #F (32
GE Health) 7, 748 W | 2 R 1o 0 et R T R 295
YLI% PET JK B F1 PET/CT il & MR . B R FEHE i
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Bl b, 56 RS0 Y E B STR] xas 320K,
AFFEIEB B E TR M ( Py, Prs) RN,
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5 3 KR H Kruskal-Wallis FkF1R 364347 A 7] 3 400
[1] SBR ,SNR Al SUV 122 5% ; PP ELAAT Bonferroni
%R Spearman #H 3G/ AN BAFI % ASUV 5 45
TEARHIAR G, SUV,,, \SUV,,,, [ SUV KFifi
A REMERIZ W EE R H A2 1 TAERRE (receiver
operating characteristic, ROC) Hh b, IS
X (area under curve, AUC) , -k EAERWIE,
B FRWHER 2 R . P<0.05 2 22 57 BUR O
HAGIFE X,

Glmax

# R

LAGZ5 T FDG B ML Ak, 2 24 BRI AE
G1~G4 T Bk M AL 4 B A & — 30 («
18:0.986.0.926 .0.940 .0.944 , ] P<0.001) , %} T
114 S5 (CREEHT 55 4>, /NG5 59 1), G1 #R
WEES> 0~4 43I 60 .28 12 .12 F12 4>, G2 43
W 48 30 .18 .16 F1 2 4>, G3 4r5H 23 .32 .41 .16
24,64 730 11,29 .25 27 #1 22 4>, AfR)J7T 5
LS PE M R 22 A SeiT B L (X2 =111.72, P<
0.001) , /NEETTH G1~ G4 MAETES R 0 7 WA
41,34 20 F1 8 A~ , K& XA 19,14 .3 F13 4
G4 B G1 ~ G3 Wy /NGS5 v A 0 R 4 ol v 1
55.93% (33/59) .44.07% (26/59) F1 20.34% ( 12/
59) . A 12 AEETT (Fh/INGS ) 7 G4 Bk FH
PR AS R 0 43 )  AHAEH A 3 28 B I A B
(PE R0 ),

2. RS ET, TEEAIIH, 4575 G ~
G4 {7 SBR 4354 2.09(1.45,4.03) .2.90(1.75,
4.90) 3.28(1.77,5.64) 4.05(2.60,6.51) , F1{iiSNR
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39 5.83(3.93,13.15) ,6.54(3.78,13.45) .19.90
(12.86,36.89) 24.90(18.32,42.22) , P43 SBR #1 SNR [
ERAG I = L (H (H:24.855 1 168.934, 1) P<
0.001) ., Wi A &3, SBR 7 G1 F1 G4 [8] G2 HiI
G4 M ERA g2 R L (G P<0.001) 4%
gl R B TS 2= E X (3 P>0.05) ;SNR 7E G1
1 G3[0] .G1 1 G4 [8] G2 F1 G3 [a] .G2 il G4 1] 2%
SAEGIFE L (V)5 P<0.001) , A48 22 571y
TG #E X (¥ P>0.05)

3.0 Il 4575 [ — SUV 48 A5 76 A [R) 5 #58 1k
AT LA, 114 N IfiSs o v 542 9.75 (6.20,
16.58) mm, 7E G1~G4 FiEmASHEIZ T ikt
AL SUV, 254 2.65(1.98,6.78) .4.20(2.33,
8.36) .4.51(2.29,8.89) 1 5.29(3.32,9.54) , f{ii
SUV__ 439k 2.05(1.13,3.91) .2.39(1.35,5.16) .
2.44(1.27,4.85)F12.99(1.88,5.37) , HHfii SUV 5%
W14 1.88(1.03,4.21) 2.06(1.24,4.44) 1.94(1.18,
4.16) #12.08(1.30,4.69) , [Al—mFH [F—45157F G1 ~
G4 BEHEAE P F-FDG PET/CT F{Z LK 1,

4 #4[\] SUV,, WERA SR L (H=20.628,
P<0.001) . FAPILLESAEL,SUV, FE G1 Fl G4 A Y24
AR L (VG P<0.001) 44110 22 5370
G FE (¥ P>0.05) . 46 A%SUV,, ek F/)h
(1 2 21351 G4 1 G1[ 52.96% (31.86%,83.09%) ] .G2
M G1[16.42%(8.18%,31.61%) ] ;%ASUV __( HFfii
B R :4.45% ~52. 96% ) FN45 5 EAE A AEAE Al
X (r fH:-0.371~-0.354,1 P<0.05)

4 HIa] SUV,,.  ZRIA G E L (H=
17.749,P<0.001) , PP LLEE & B, SUV,, ., 7E G1 Fil
G4 [ ZERA G E L (B S P<0.001) AR 2 [H]
LRI TG X (H P>0.05) , 4HIA] A%SUV, . %
K /NS 2 535k G4 F G1[47.56% (27.29%,
79.71%) ] G2 F1 G1[ 17.13% ( 8.79%,29.83%) | ;
%ASUV .. (L BGE R 2 1.69% ~ 47. 56% ) 14
T HARM AR A (r, fH:-0.371~-0.320, 4 P<
0.05) ,

4 21[H] SUV =R Ge 24 L (H=1.677,P=
0.642) . 41lH] A%SUV,,, FIZ5 T HARAAFEAEA K
(r. 4:-0.198~0.152,3) P>0.05) .

4 ARTE R /NS5 5 SUV 78 A [R] 5 2 4 1k 0] 4
LB (R 1) o 114 DISE & HAR AT 4, /NG
T (HA<10 mm) I 59 4~ Hrf <8 mm 43 4>, i
H1%6.2(4.8,8.4) mm; K451 (10 mm<EHAZE <30 mm)
554~ EAE 16.70(13.10,21.55) mm, /)
T4 Gl ~ G4 [z SUV, A1 SUV__ 435k 2.14
(1.46,4.34) 2.65(1.92,5.44) 2.59(1.92,5.54) .
4.05(2.86,7.44) F1 1.26(0.79,2.43) .1.58 (1.08,
3.08) .1.53(1.03,2.98) .2.31(1.62,4.30) , 4 ¥
SUV,, M1 SUV,., [ 22 5 A G2 1F 3 SC(H {A: 18.327

max

F116. 808, P<0.05),SUV__fE Gl #1 G4 [a] .

max

SUV . TE G1 Fll G4 [8] .G3 £ G4 [a]f) &5 G i
X (RS P<0.05) 10 SUV ,, 7E 4 FhEE g5k
] 22 R IG i 2rE L (H=1.564,P>0.05) ., K454

SUV,,. \SUV,., \SUV ., FE4FP I % 8] Lo A 22 53 10

&) (®)
SUV,,,:4.81 SUV_ :5.26
SUV__:2.67 smr:;; 3. 03
SUvV,,,,.:2. 80 SUV__,:3.26

SUV__:6. 69 SUV__:7.87
SUV__:3.30 SUV___:3.90
SUV ,,:3.68 SUV__,:4. 41

B1 WEEATEEAEERE(L,28 %) W% e 4 PR NS F- A E % (FDG) PET/CT B2, A~D 2 3IE~ AP
FRESILE L E (OSEM) 515  OSEM+ KATHf[E] (TOF) 535 OSEM+TOF + 54/ H s 1 ( PSF) 53 | IE WAL 51k ( BSREM ) @5 19
PET & PET/CT Bl & B, s 22 b 4RJ5 Beml WL — 4249 13 mm BT, 0 B0, AR o, Horp 78 BSREM A 22 it B ih 4R 5 B4 7 1L
SERCR T, EARHESRIRUE (SUV) Bk ;SUV,, AR SUV,SUV, ., A1 SUV,SUV ARSI
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Biit#E X (H{E .0.812~7.290, 3] P>0.05) ,

SI2WimLE ST BN RY ROC IR i (R 2)
FRAE Rt Mo BRAE R 4k 63 AMIiZs 594 A ROC i<k
3R, HHUEESS Y 41 A, RYESS 22 4, 41 K
PEZEFT A B4R 9.6(3.0~27.1) mm, HePAE/N i
R 24 A (2R FEIESE 14 4 IR 13 A4, etk 4n i
a1 A 5 RS0 17 A, 4 1 I U 3 15 B kLB
) . 22 RGP AR 10.15(4.5~25.6) mm,
Ho g 12 A4 YL PEIR AR 6 4, 25770 3 A4, 5
FageE 1A Bl BTSSR SRR A, 63 ANE5 T
AT T G2 WIEEE ) ROC #h e #1, Hir G4
) SUV . \SUV,,.., S G3 Y SUV _ IZWi i/ NS R
PERY AUC 7] e 45 A Bk, fH SUV 7E 4 F
FLE ) AUC 2R BTG E L (2 {H:0.157 ~
1.738,34 P>0.05) .

15 I

Ii 23575 B 3R 9 TG B S I PARRE AR R AR, (X 7R
I PRARAR A A SR A, RSS9 T A 22 R E
RIA —EES, HILH2 Wi e, 2575 1Rk
AR R AR FIEARARE i PET #2459 70 115 2
FEw AR HA R A AR e SUV, Bl
% PET BURE EH L H 23 WM B, B 8 W gl kA
BT, Hor OSEM I RN 1z, Hol i i3 A %
PN L B Hh 4% 21 e A AT e EE Y ETA
UGEE S5 30 1 08 5 3 B S ) R 5.
Bl A 35 A U B R0 3G hm TR 7S T BT AR AR A5 T i 2%

WU TR R ot P AR X A AR A s A QR BIOR AR
1R HEAZ UG B 0K BURMG R WSk, A TTARA
SUV, JL Xt FDG AR /INm A B RS bl
EEE AR AW 8, 72 OSEM il B TOF J
PSF tH4% 5 HIE A W R $E R SUV MHERE: . TOF
G R A=A B P N VR A R 2t
FA) T 28 ) HH S 380 5 44 00 4 g sF i 2, DT 2 8 o
i} PET Gei -4 i ™ s PSF 3L s34 W g
Ml B BT PET A B AS [) 23 () 7 1 2 0] 43
SRR IATARME 1 Ly AR A P A M s A
56 WS 8 TR BE 2 [R) A TAUA .

W1, BSREM 1E i — B B 09 ik PET 34X
HEFER N, 5 HAVES R B L, BSREM /&
AHARA 2R (8] 25 55 10 PRS0 5 e 7 410 o 3, DA T 417 )
Mg AR VFE AR KBS i, R A B AR
BSREM g 5 47 Mkt /NBU 25 A A 7 AR, IF ] S A5
Kty SUV' " (HR R @B IA X SUV 1520 i
KB, Teoh %% i Fi] BSREM F11 OSEM+TOF 4b 3§
121 Btz i K&, $8 H BSREM BEAZ34 i1 OSEM +
TOF ) SUV,,. ; Brendle 2™ 287 T 27 %A g
BEMSF-FDG PET/CT E14 % 8L, 5 OSEM +TOF
FLL, PSF M9 IA 23 (454 SUV,, SUV,... B SUV .,
A 30 ; Akamatsu 251 ] OSEM, OSEM+PSF |
OSEM+TOF .OSEM +PSF+TOF [0 JEi 1 i 5% T 41 i
RS SUV, FISUV,_ PSF A1 TOF 4% H

IIAYI 0 T SUV, {H PSF #1 TOF 14454 ffi SUV
B e G s S AN AT T OSEM &2 OSEM+TOF

max

F 1 AR EERE T ARKNET SUV,, SUV,., M SUV HES [M( Py, Pss) ]

SUVmax SUVmean SUVpeak
RPN
N Kt g Kt AN Kt
Gl 2.14(1.46,4.18)*  5.94(2.34,9.58) 1.26(0.79,2.43)* 3.57(1.37,5.58) 1.12(0.85,2.53) 3.88(1.58,7.36)
) 2.65(1.92,5.40)  5.96(2.59,11.25)  1.58(1.08,3.08)  3.62(1.43,6.74)  1.29(0.99,2.81)  4.23(1.71,7.52)
G3 2.59(1.92,5.54) 6.51(3.21,11.49) 1.53(1.03,2.99)® 3.87(1.91,6.45) 1.30(0.91,2.67) 4.07(1.70,7.10)
G4 4.05(2.89,7.45) 7.03(3.43,12.28) 2.31(1.62,4.29) 4.45(2.33,7.11) 1.35(0.87,2.97) 4.60(1.72,7.95)

KT (10 mm< HAR <30 mm) 55 4>, /NEEF5 (HAR <10 mm) 59 4~ ;G1 A P FERKIIERM%ECHE: (OSEM) ¥, G2 i OSEM+ kAT
BFIE] ( TOF) 5535, G3 27 OSEM+TOF + 5 4™ Hl R £ ( PSF) 53k, G4 HIEME T (BSREM) ;SUV,, A KERMESEIUE, SUV ., IR ERE I

{6, SUV o APRHERRIUEAE ;* 28 5 G4 IWEE R A G X

®2 ARFERIEXDAY SUV,, SUV, ., SUV K 63 N4 1989 ROC 2k 7 Hrédi

lllll

SUV

SUV e

mean

REUE FrHtt B AUC(95% CI)

REJE He5tE BWE  AUC(95% CI)

REUE FrtE B AUC(95% CI)

Gl 50.0% 974% 4335 0.747(0.653~0.840) 532% 92.1%
G2 50.0% 94.7%  5.185 0.699(0.598~0.800) 452% 97.4%
G3 56.5% 94.7% 5410 0.756(0.663~0.848) 54.8% 97.4%
G4 599% 94.7% 5745 0.778(0.689~0.867) 59.7% 94.7%

2.335
3.365
2.890
3.200

0.752(0.660~0.845)
0.712(0.614~0.811)
0.766(0.675~0.857)
0.782(0.694~0.870)

66.1% 789% 1.615 0.765(0.674~0.856)
51.6% 94.7% 2795 0.758(0.666~0.850)
50.0% 94.7%  2.670 0.776(0.686~0.866)
50.0% 94.7% 2915 0.760(0.667~0.852)

1 AUC AT TR, ROC 328 % TA/ERE
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55551 3 Fp @B A L, BSREM fT 75 E5 AR
B SR B BE AN BASI G 45T SBR i SNR B % B 4
BRI S 2 AT IRE Y, 2 A
AR SE D0 B — BRI LT, KB PSF
AU EE HE AL L TG PSF A A (1Y) 8 530k i 15 EZ
JEHRE B, U AR /NG 5 Teoh %518 1y 45
R—3 O TE B A2 <10 mm BG4, 38 5 PSF
BRI T A SUV,, B33 TS AL (', BSREM
) SNR JLF-2 OSEM 19 4 %, 35X AT B A& R A AR A T
PSF [475 BRIYCSL , BSREM AT 35552 e s ™)

Teoh 22" 145 T OSEM+TOF F1 BSREM 4k 3
1 121 %55 *F-FDG PET/CT BI& , K TGS TE
A Mg, i R /Nl sk Res W,
BSREM JIr% SUV,, 418 2 & F OSEM+TOF , 25715 K

max

NG %ASUV, A, 4577 HAE <10 mm B,

max

% ASUV. K 92.1% , 44595 B4 > 10 mm, F

max

$1%ASUV,,, 7 45.3% ; Howard 551 K 314 B =350

max

i, BSREM FFilfiti /NG5 4519 SUV, 5 OSEM JoH i
%5 WEE B EMIET, 2 FhE il gy Suv,
ZFRR, TEARMFEH, Irf 851 b G A
ook T8 SUV. SUV, Y] R = T4 OSEM
B RS 5540 3 FhE @A AH L, BSREM X
SUV,...SUV . AW E45F, HE595 K/ 5%ASUV
BHAMK, (HE Teoh %™ ML AR AYIE , A5
IAE/NGEF b R B SUV,  FT SUV, . FEA A ##E 7
R EAGIFE X, X T AR
FREC Mkt SUV BARAG i FE b ) 5
—FB43 IR A] BE 2 Teoh 25" AYRIFST HpOGE K &5
At (FE D 82%) & TAWFGL K 65. 79% , HLow BES
Ry A AR TRl Messerli 25120 A kg 76 il iR 98
BSREM ,OSEM fiif5 SUV__ 784k 3 L fili 65 R 20 i) Jea
B FEAME R TP AR A 5 52 BR, R AT SUV 505
BRI R 00T, 9346, 55 Howard %5 fUZE IS A
[N AER AR, k% 17 A2 A 8 mm
(A4 T it e XU 1 32 il fidi /NG IR A T A
WALAR AT 255 PP, ASWE9E b & Bl OSEM +
TOF 5 OSEM+TOF+PSF £ PET ¥4 Jo i i 22
5t {H Akamatsu 251 BOBTSE & B R K 12 45 SUV
7F OSEM+TOF J OSEM+TOF+PSF f£7E M i 25 5
Je FRRTE A WL AEFER, S5 R R 9 i A AT g2
AT E A AR (] ) B S0 ( R s i e 1 2 0 4

i) AN [A] ( Akamatsu 2160 i FH 2 mm , A5 B H N
6.4 mm) , iZEE AL BSREM Ay 53 (A, [F] i
PRBL T S50 A A R REME

Teoh %% 17 | OSEM + TOF #1 BSREM Hy
SUV,, #:47 ROC H 4 70 #r, A BT 2 ARk 1)
AUC ZR HEIT2#E L (P>0.05) , FEAMFF,
SUV £ 4 Fh e #5430 AUC 2R WA BA S
B X4 SUV, R SUV. ik ROC £k 43 Bt
BSREM [ SUV A5 T HoAth 85 5@ 38 k, £F: Fifi 4 7l
IR R S FRARE H 7 T2 Wi R A% . BSREM (1)
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i, PET Red LAy 45 sib
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