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Abstract

Objective: To investigate the impact of the Bayesian Penalized Likelihood (BPL) reconstruction algo-
rithm on the semi-quantitative parameters of lung nodules in 18F-FDG PET/CT under different res-
piratory states. Methods: A retrospective analysis was conducted on 108 patients with a total of 139
lung nodules who underwent 18F-FDG PET /CT whole-body scans at the Affiliated Hospital of Qingdao
University from June 2022 to October 2022. PET images of lung nodules were reconstructed using
four algorithms: free-breathing OSEM, free-breathing BPL, breath-hold OSEM, and breath-hold BPL.
The semi-quantitative parameters, including maximum standardized uptake value (SUVmax), mean
standardized uptake value (SUVmean), peak standardized uptake value (SUVpeak), and signal-to-
background ratio (SBR), were compared among the groups. Intergroup differences were analyzed
using the Wilcoxon rank-sum test. Results: The SUVmax, SUVmean, SUVpeak, and SBR values in the
breath-hold OSEM group were higher than those in the free-breathing OSEM group, with values of
4.65 (2.38, 7.47) vs. 3.02 (1.67, 5.61) (z = -9.53, p < 0.001), 2.71 (1.85, 3.56) vs. 2.25 (1.36, 3.12)
(z=-8.67,p <0.001), 2.65 (1.38, 5.52) vs. 2.05 (1.29, 4.01) (z = -7.75, p < 0.001), and 3.02 (1.45,
5.32) vs. 1.77 (1.01, 3.50) (z = -9.74, p < 0.001), respectively. The SUVmax, SUVmean, SUVpeak,
and SBR values in the breath-hold BPL group were higher than those in the free-breathing BPL
group, with values of 6.8 (3.51, 11.55) vs. 4.45 (2.19, 7.31) (z = -9.99, p < 0.001), 3.42 (2.52, 4.91)
vs. 2.71 (1.68, 3.55) (z = -9.30, p < 0.001), 3.70 (2.07, 6.61) vs. 2.69 (1.72, 5.27) (z = -9.30, p < 0.001),
and 4.44 (2.24, 7.61) vs. 2.59 (1.28, 4.66) (z = -10.07, p < 0.001), respectively. The SUVmax, SUVmean,
SUVpeak, and SBR values in the BPL groups were higher than those in the OSEM groups under both
breath-hold and free-breathing conditions (all p < 0.001). The breath-hold BPL group had a signifi-
cantly greater impact on the metabolic parameters (SUVmax, SUVmean, SUVpeak, and SBR) and their
changes (%ASUVmax, %ASUVmean, %ASUVpeak, and %ASBR) compared to the free-breathing BPL
group (p < 0.001). Conclusion: The breath-hold BPL reconstruction algorithm reduces respiratory
motion artifacts, significantly enhancing the detection rate of semi-quantitative parameters in PET
images of pulmonary nodules, thereby providing a more precise imaging basis for the diagnosis of
their benign or malignant nature.
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1. 3]

8F-FDG PET/CT AR EAR O 12 N AT IS5 s We . A7 Robfk[1]. PET/CT RS HE
BRI 2252 PET FUG TS AE SRR TE, 91 A vy R IR 2518 30 7= A IE RS Bkt st [2] . WP
DA PET BUGTE R %, Il 5 Born AN, EAAMER, /™ B il 2 5 s WG 7 o R T (3]
BT8R K% (Ordered Subsets Expectation Maximization, OSEM)%3%:) V2 Fi T+ PET Bl &4, HY
M RS 2 IR ARG T BN AR SRR DU IE DU 4k {198 (Bayesian penalized likelihood, BPL) H 4
SR, I SEIEARIEL, H I NTE T ARAN R 2R Ty 22 B S A D RE, (A3 RIS I 8 S HUE R 4] -
WEFE AR (8 B S R [F) — 445 43 AT BRI 20 #Pi) CT 49450 PET REE, B S HHM HIMTE
TIHBRGE ST CT BRI PET BUERIGEI . AHEFUE X Lt BPL 5i%A OSEM FIATEMZE T8
B ZES, DR BPL B THE milids 15 @ S A T s R E -

2. ZREHE
2.1. HARIR

(Bl it 2 AT 2022 4F 6 H 3 2022 4 10 A7EH 5 K= M BBt PET 00T 8F-FDG PET/CT & B 1
MBS A3 1 83 108 14l (3L 139 Miigh 1)

22. U{ERZ*

KA TR B 2T 6 AN LA L, R MBENT 11.1 mmol/L. ERfikiE S BF-FDG (L4l KT 95%),
B ERE L) 60 2045, KA GE DMI PET/CT HHi{, HHATEIGREE. 2 HIKH OSEM (AP Eiek
o+ KATHRE +3 UOEAR, 16 NTFEE, 6.4 mm m TR AR) & BPL (ST RS + RATES IR + IENIE
B, TETTRF B 450) 2 FhARE IR . B R TR | — 4515 2 kAT B A PR 20 A2 CT 43
HEAN PET K4, B RAESEHUGAT OSEM F1 BPL Hi#, %05 H HMCRE G EE 8. WiaKE
B BIRLEE 222 B R T AN [R] 1) B D7 R I PET MG T R 04, Riisd 1 G . xof L FEANZH 2 %
TEMTEE A 25, 2 00— 3R, 4 MBI 5 MMET).

2.3. Efgah

K F AWA7 AR EUEHEAT 047, K DURP SR 4 PET 4351 [ CT BHEIN# 2 PETVCAR #ft:
W, HahillE RO S, 4 & KArERREUE (maximum standard uptake value, SUVmax)Fl1F-#4 b ik
FHU{H (mean standard uptake value, SUVmean) it W {E A7 ifE 45 HU{E (peak standard uptake value, SUVpeak) &
SR ER TN EZA 1om BRI ROI ) SUVmean, 515 5/ i L {# (signal to background ratio,
SBR), SBR= #5717 SUVmax/F# 3 z)jfik SUVmean. ANAIH %R SUV B AN%ASUV, Uik BPL Al
I FH I OSEM [A] SUVmMax 8L % %ASUVmax = (<, BPL SUVmax — H HIFI OSEM SUVmax)/EH H
FEA. OSEM SUVmax x 100%.

2.4, G4
KH IBM SPSS27.0 it A AT H 5 7341, BRIIATF G IES A0, LA A E M (Pas,Prs) R AR A AT

][l
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GIESHOARHEZ R, 4T Wilcoxon #AIKGE: . ] Cohen’s Kappa 7> #7 PET B4 A —5:. P <0.05 4
ERERITFE L.

3. &R

/<, OSEM 4H B 2 J= S A 2 8 SUVmax. SUVmean. SUVpeak i1 SBR =T F HHFEI OSEM 4H,
I3 4.65 (2.38, 7.47) A1 3.02 (1.67,5.61) (z=-9.53,p < 0.001). 2.71(1.85, 3.56)F11 2.25 (1.36, 3.12) (z=—8.67,
p <0.001). 2.65 (1.38, 5.52)712.05 (1.29, 4.01) (z=-7.75, p < 0.001). 3.02 (1.45, 5.32)#1 1.77 (1.01, 3.50) (z =
—9.74, p < 0.001). B BPL HE 5 HIREIZE SUVmMax. SUVmean. SUVpeak 1 SBR =T H HIIFIL
BPL 4H, 7%/ 6.8 (3.51, 11.55)411 4.45 (2.19, 7.31) (z=-9.99, p < 0.001). 3.42(2.52,4.91)F1 2.71 (1.68, 3.55)
(z=-9.30, p<0.001). 3.70(2.07,6.61)#12.69 (1.72,5.27) (z=-9.30, p < 0.001). 4.44 (2.24,7.61)F1 2.59 (1.28,
4.66) (z = -10.07, p < 0.001), WA 1. BFEAAE HFFBARA T BPL 4 H @ 5 i US4 SUVmax.
SUVmean. SUVpeak il SBR =T OSEM 4H, 3 p < 0.001, W3 2. B#S BPL 7E£ SUVmax. SUVmean.
SUVpeak 11 SBR 54545 _E W AL T A PEI% BPL, Z fH4371/2-9.99. —9.3. —9.3. —10.07, ¥Jp<0.001,
B BPL ZHH%ASBR A2l K, RUIFFUREREM B &5 m BURIERREL, T4 m BUG TR Wik
itE: %ASUVmean 24k N, K5 SUVmMean AR, SZIFIRIS SR MELDN, Wk 3. M ERF:E
(IR 2 W BE T [ F PR OSEM. [ HIEI BPL. < OSEM IS, BPL H 4 Sk iS5 PET &
BATEIE S B —FhE (Kappa {H 43 58: 0.658. 0.723. 0.745. £10.813, #Jp<0.05).

Table 1. Comparison of semi-quantitative parameters of lung nodules under the same respiratory state using different reconstruc-

tion algorithms (n = 139)

F 1. FTEEREEEARTERRETHESEEES AL (n = 139)
OSEM BPL
FEBESH
B H R A ZfE p SREE LR B z 8 p
3.02 4.65 4.45 6.8
SUVmax (1.67,561)  (238,747) 093 <0001 549731) (3511155 0 <0001
2.25 271 271 3.42
sUVmean 1 36312)  (1.85,356) o007 <0001 468355 (252,401) 930 <0.001
2.05 2.65 2.69 3.70
SUVpeak (159 401) (38,552 0 <001 175507 (07,661 030 <0001
177 3.02 2.59 4.44
SBR (1.01,350) (145532 074 <0001 198466) (224,761) 1007 <0001

Table 2. Comparison of semi-quantitative parameters of lung nodules between OSEM and BPL reconstruction algorithms
under different respiratory states (n = 139)

R 2. FERIMEIKZST OSEM 5 BPL SR EERE TR EESHAILLE (n = 139)

f R
FEESH
OSEM BPL 7 {H p OSEM BPL 21 P
3.02 4.45 4.65 6.8
SUVmax (167,561) (219,731 299 <0001 548747y (3511155 o0 <0001
2.25 271 271 3.42
SUVmean (1.36,3.12) (168,355 220 <0001y g5 356y (252,401) 040 <0.001
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R
2.05 2.69 2.65 3.70
SUVpeak (1.29,401)  (172,527) 1009 <0001 457550y (207,661 1006 <0001
1.77 2.59 3.02 4.44
SBR (1.01,350) (128,466 088 <0001 14553y (224,761 10 <0001

Table 3. Comparison of semi-quantitative parameters of lung nodules reconstructed with BPL algorithm under different res-
piratory states (n = 139)
3 3. BPL EREAEARIFIRATSHE T EES HELE(n = 139)

H A SUVmax SUVmean SUVpeak SBR %ASUVmax %ASUVmean %ASUVpeak %ASBR

Ef I BPL 4.45 271 2.69 2.59 31.73 18.79 27.03 32.01
(219,731) (168,355  (L72,527)  (L28,466)  (16255000)  (9.12,3241)  (1537,3784)  (12.78,50.71)

J75 BPL 6.8 342 3.70 4.44 88.69 58.70 60.27 99.23
i (351,1155)  (252,491)  (207,661)  (2.24,761) (56.30,165.25)  (27.74,91.02)  (31.94,89.86)  (65.38, 189.22)
z -9.99 -9.30 -9.30 -10.07 -9.94 -8.94 -9.27 -10.07
p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
AY hJ
4. g

OSEM = @t ik & PET B E @M AR, BB EORHELD 5N T AT IR (Time of Flight, TOF)
S H BRI 2 (Point Spread Function, PSF)#i A, X EeH R B E ST T PET BE MR R[5]. R4 OSEM &
VRS ARG R AR 1) 32 8 F T e 38R LRy 7 B DRl gt 7 s vy g R 1] 15 A 3, TOF A PSF AR 7E OSEM
BIFEAS EEAr s T PET BUR RIS EA 2 [6]-[8], (H B TR BB FIRHIER R, FEEG AR
SEATS, RSN T EGUR B B A UERATE[O] [10], i i 1 0k AR R B B ki B (R L
FEWRE SR LAREARAS e L R e D TR RaX — I, 74k PET/CT JFAG KA BPL B E 5L, MET
fERE T, BPL BIETIAE] 25 IREM A, 7E[F— PET HdE A 1R B X it 1 £ SO B {E
1 5E WS R S e L . BPL JE I B Dk AL, 91 NFETARAMA R 77 ZHIME A Mk Thee, [feEs
B kERR, 51540 OSEM FI TOF + PSF HykAHLl, BPL 5ikiEm PET WG MR A EHELL, EJR
B LS A TS R U B [4]

FHHEZE[11]ELE T BPL (TOF + PSF + BPL)ZHf1HE BPL (TOF + PSF)ZHANHE ) 206 AN 4 g i 1t
BPL #Hi %k SUVmMax. SUVmean /% SBR ¥ &= T-9F BPL 41, {EAWH, BEE E@EFENSGE, A
HRZEHT ) SUVmMax. SUVmean. SUVpeak f1 SBR 12 ¥4 BPL 59348 & 5T OSEM %k, Teoh %5
[12]F 45 BEAESZIX — &, Teoh Z5HL# T OSEM + TOF #1 BPL AbFR ) 121 B4 15 M5, RIMASE /N
ETH, SRR, OSEM + TOF Bk SUVmMax 4 BAK T BPL ik, #Rif, Teoh %5[12]
[13]AE AR ST R B, BPL B0EIF A W it m X oy RYEFUR MR AL RE 71, S S [14]1RIHE o 32
BPL it & ik ) R TR e, PR A T RE R IR ER N, 1M R PR AL PT RESR B = BRI,
X HE MR ES ., AWtk OSEM 53k, BPL &k SBR MR, BPL HikAEsH IR
T+ BF-FDG =R AL 1) SUV, [FIRRFEFARASUR B SECAAR, T 2 E 32 = 4571510 SBR, i mitert
FUGR R, BB sms b (A H %6 [11] . BPL Sk B EAE T4 s 451 10de R AR 250, fetig
15 A (1L 51 A0 S0 SR RN S R B 1 2 i S 5

Jifi &P 18F-FDG Ji5, 7E— BAARERT B N IO T BOR AR, B g 1 H i Ie &2,
WEIRZ B 5| I /N R A B AR, IR 55 0 kA AR 2 BB VS M T B [15], S EU A5 T
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SUV A, kb of, Mifi @&l MTV [16], JGH SUVmax 52 R g i o B . AR5 oot
fili4s 5 3EAT RS, 20 #2 PET R4, WIEHEE SUVmax. SUVmean. SUVpeak 1 SBR, 5K [ 4% 42w i
S5 SUV MIAE I ALSE - —B[17]. Yip S5[18]FHI A< S [15]8F FUAH TOxT R, 5% BH RIS/ SRR T 1] 1)
BOHE N, PRI 1B AR MoV AR UG R 75 . AR Firh, R ACREE PET BB 20 0, L4 1 s 15112 5)
P52, BPL 5iLF1 OSEM By iligh 51 SUV &G FrieTt, @i 3 5 b BPL 5Ll 2 .

KW FAFAE— 52 (SR PR : 1) AW A0 75 BB H LA B, oA 2 B E AR T BES CT J4iF1 PET
KA. 2) AWFFZ B R AR OBT, AIRAFEEEMUOERMNER, FEY RFEARLGIAZH O
FLAHE— BT 3) AW FAL TR F B, BPL HykEEX L ESHImm, Kif—DS 0
WFRANE pAET EAZ B 5

gi b, BS BPL B SLIE I D W IE S VRS, W IRTE T IAETT PET BUE Y S AE
BRE, AR TR IR 2, AT 1 RIS R A T SRS I RS AR

SE K
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