[ Downloaded from ismj.bpums.ac.ir on 2025-12-16 ]

[ DOI: 10.52547/ismj.25.4.355 |

Iran South Med J 2022; 25(4): 355-370

// 5 b aslialess
/ u.oj\é c:)’ ";\;ﬁ_WJ e-\S.i'Ajjg:

gYEY J\AJ: d?.&‘.\.@a Slds ;iw"ﬂ f}l& o\&Kils
(V) OLT 5 10) YOO-YV: ammis oF o5l ooty 9 oy Sl

o 32 S yT qumai ) 99 (83w b Mo s gy B (U )
1BE-FDG PET/CT oo ploi y19lai (8 3lusnS’ 38 33> p 531 g
S92 95 wé s ohw b gw 4 Wi ol ylows 4o

E2PhD) S s dumew 2 "MD) 3o 5 fublomsl & PHD) Slo, e ¢ 'PHD) O, s
%% PhD) LST (W-BR PE9

3o B len 5 Ju Slyd 5 AR5 (550l 5 0 s ms B 5 Juw ISR 95 (kS a0 (SLS 5o Do S e
O1pl O gy b Sloys — bl Dleds 5 (Kb p ke oS (g5 g3 gramms 7S5 Olims sl
Olpl sy S pabe oy (S 0aS8ils (K35 55 pole o o
Ol nps s (Kb psle oy ( (Kb 0aSKlils (ghid (S5 05 5
Ol 01 DI (S p ke olREls (Kb 0SS (K prkige 5 (S35 Kb oy 5
1) D1 DI (S pshe odils (S 5 Jsbo (513 0 a8 Dliiows S 0 °

OENAN s o dy =V /0/YF i 8L 50)

o AS>

Bl Sluls 5 ba)ge s ole oS 53 S o Kis,l S S S 5 el wolgdn s 2Uls adlas o 23 4
235 513 sl 3,50 BF-FDG PET sl g5l aS 1 s5lsl cibisne sla s, 150 085 K o b sy S S 8

sy 2 e s SRS ) oler 4 68 LUcy-RiChardson pijl s e Sus ceSS5 ol Gl g, g 3l
WEE NP sp a5 G300 S S b S sk anls F1 L jlen 10 glaesls S eslitl b (salgtn o) 080 5 Shas A (g5luesly
il by sler b ol adlas s A SSES (SBR) s g 4 S amd 5 06 e el Sl Olsley )3
(SUV) 5,1kl i 013 5 (COV) 35 (CNR) 315 & ol 55 o o . XikS g5l TOFPSF 5 TOF PSF (OSEM
LS ds e sl F Nl 5 ek F NSl gbas 3 )l cpl p3lie g edd a5y Olals s

2345 53 SUV 5 ONR pislie (13l o W15 0 2oho) (g3lgit 22y 5801 51 eslizad 45 515 0L b b Sldllas gulss aasdly
=S 5 3 ealial pl e (PL/00) 25 8 (S 5S Slld 3 o a) gilwil sl i, 5 WSBR aple el s eJm@
sddzdeol polas 531, CNR 5 COV pslis g 5 BB H5b 4 il Sy 2 (e s 8IS g ol e 4 b 515 (.;i),ﬁlt
sdid FHl 5 oddz Mol psbas CNR s M| s )5 e Hlie (g3l ilides sla sy o8 8 5 53 b .(P<2/00) as 5 gy
YV/b e 10 51 5K S b b Sl sl s F/A 5 FO/F JFA/Y F/4 L1, TOFPSF , TOF (PSF (OSEM (sl o 5o
2 @l Slals gl Leoys YYIY 5 YVA VY YOIV ¢ 2 ead0 51 585 ple b Slals gln dojss YAY 5 FE/Y (YO/A (s
Sl dess VAT 5 FON VA Y )y VL slacsd s gl Sluls (slp doys YHIE 5 YOIV V0 OTI0 wa) cmly sans)
35 SBR>3) YU SBR U sluls (sl duoys YOIV 5 FE/A XV/A YA/A 5 SBR <3) .l SBR L Sluls

ks o g osNe Al S pey 1) oy 2 3ledS (S5l snS D Wl on ! (ol a5 oK1 A8 s e OLE b gl 1 S Ao
0525 4 3 S addrNol pslal (3le S 53 silel At sl by, s BB SN 4 e SBR 5 Gus e (35 o als s
Do 2 3 ekl p&s el 03l pls g (s3leil Gha) CLRED 4 daly Dad 4 GleeS SIS S Das ple s
258 OBl s bbb 5lesb slabs, (e

45 Ol (3l oS (S o St s S i )T TOF PSF ¢ 5 5aai (5Ll o/ S 6012225085 15 AS o850

Q.,-Ll RS s u)‘/";f C}L; NEEH ‘o’<":'f—' LA g&\w A}’<":’J" A}}f*%
E.mail: s.rezaei.tums@gmail.com
*ORCID: 0000-0003-2599-1464
**QRCID: 0000-0002-2746-6594


http://ismj.bpums.ac.ir/admin_emailer.php?mod=send_form&sid=1&slc_lang=fa&em=s.rezaei.tums-ATSIGN--GMMAAIL-.com&a_ordnum=1593
http://dx.doi.org/10.52547/ismj.25.4.355
http://ismj.bpums.ac.ir/article-1-1642-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-16 ]

[ DOI: 10.52547/ismj.25.4.355 |

VRN OLT 5 e /¥ o ladh /020 5 oy Il

4 A5 Y) ssdis el s e Slls
e A S el bl a5V e en
i L S Sl s
Al s Sy psbal S5l a8

BE e,\,%l;.u'l Sldlas 31 (gogdas Slaxd 53 O SU
=S5 osba Pl 53l o sl (5l S
Sl Sldlas ol 51 S 5 Ll a3 S L s
S /s L @D) PETICT 51 4 55 ol 230
G Sy ol S el sl eslizad ‘em@t;@@
Sl sl Gt sl SOl s
Lt (S 2as w0 seme W3 3 S /Sy
5o 50 Sldllas 5s L(4) Al e Cossdees (ghls
A S cl a8 S el 55l b S 5~
S S e s S Sl S5
s an S ¢l>_u'l Sllas Ll LOY 5 V0) Col S
Sy s S w5l el das e OLE e ol
35 et sl o 5 51 A0 SIS e
Gl oS S35 50l S > aBly Olsee 350 5 s
Syl a e s b sysle ol sl 1 oy sl
Sl 2 S5 el Gl el sy S
S addlas ol sl Ga el sl Sl S5
Sl 5 G e S S5 el )
© APPSR Sl S
Sl s e g RS s ol e

Lol sd)l SO sl gba sy ol gladle s
ilan Ol wsle slasl wb iy Gla b, b ne
J6 spe TPSF) sss, <l 5 (TOF)
dms e DL old pladl sla s LBl g 5

% Gated PET/CT

4 Gating

5 Time of flight(TOF)

6 Point spread-function modeling (PSF)
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! Fluoro-2-deoxyglucose positron emission
tomography/computed tomography (FDG PET/CT)
2 Partial volume effects (PVES)
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° Body mass index (BMI)
10 Signal-to-background ratios (SBR)
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7 Contrast-to-noise-ratio (CNR)
8 non-small cell lung cancer (NSCLC)
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14 Motion blurring kernel

15 Additive noise mode

16 Directional derivative analysis
7 Autocorrelation analysis

18 Auto-correlation function (ACF)
19 Point Spread Functions(PSF)

2385 533k 5 SN (g, T e
I R adlae ol
T Ol 53 352 0 Discovery 690 GE
A3 S eslanad Sl wﬂ@? Sl gyl
e I e
il Dl P L 5 e ot S 5 LYSO
AU e sy el LS)}TC“'? S
WS psbal Gl S 3 gl 3Ll e
(V) ik gl is, 3 eslimad U slas ol
TOF (v) (OSEM+PSF) PSF (v) "OSEM
TOFPSF ) F (OSEM+TOF)
S5 4 o5Y s 5Ll (OSEM+PSFATOF)
5 TOF ) TOF b iy, sly ol
5 4o game 55 5 ¥ s LSS sl (TOFPSF

S5 slass (PSF 5 OSEM _:xy) NON-TOF (<1,

3 S o Sl S5 el sileesly

S~ C'S‘.".?.JI
33y skl Yseme Gy Sl saT 3
S oy ol s e S sl b i
4 odos jsbay gl e el G ez Sl L
Al e o eSSl s o SIS 4555 e
b o sdas Hibay spp Slals il el
ol S S e E Sl 5 S (U oS -
Sk 2 S oSl e oS
A Shbpme Aolp S Dl s gl
pydigr dbe MO & il 5 o O on

auwﬁwﬁq&@ﬂj@ WJde O‘i‘)b

1 Ordered subsets expectation maximization (OSEM)
12 Blur
13 Linear and space invariant
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27 Block Shrink

28 Contrast to noise ratio (CNR)
2 Coefficient of variation (COV)
30 Standard uptake value(SUV)
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20 National Electrical Manufacturers Association
(NEMA) standard

21 Point source

2 Field Of View (FOV)

2 Full width at half-maximum amplitude

2 Lucy-Richardson (LR) algorithm

2 Maximum likelihood estimation

26 Wavelet transform
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Fig 1) Comparison between relative differences (%) of the CNR for lung lesions within various sizes, locations, and SBRs in

compensated images compared with the uncompensated images for different reconstruction algorithms.
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NSCLC in various reconstruction algorithms.
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SBRs in compensated images compared with the uncompensated images for different reconstruction algorithms.
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Fig 4) Coronal PET images of a 62-year-old man with NSCLC. The mean relative difference of the SUVmax in 3 lesions for

compensated images compared to the corresponding uncompensated images was 39.2% and 41.6% for PSF and TOFPSF with

only motion compensation, respectively, and 32.5% and 36.9% for combined compensation of OSEM and TOF.
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Abstract
Back%round: The present study aims to assess the impact of various image reconstruction methods in *¥F-FDG
PET/CT imaging on the quantification performance of the proposed technique for joint compensation of
respiratory motion and ﬁartlal volume effects (PVES) in patients with non-small cell lung cancer.
Materials _and Methods: An image-based deconvolution technique was proposed, incorporatin
wavelet-based denoising within the Lucy-Richardson algorithm to jointly compensate for PVES an
respiratory motion. The method was evaluated using data from 15 patients with 60 non-small cell lung
cancer. In these patients, the lesions were classified by size, location and Signal-to-Background Ratios
(SBR). In each study, PET images were reconstructed using four different methods: OSEM with time-
of-flight (TOF) information, OSEM with point spread function modelling (PSF), OSEM with both TOF
and PSF (TOFPSF), and OSEM without PSF or TOF (OSEM). The Contrast to Noise Ratio SCNR),
Coefficient of Variation (COV) and Standardized Uptake Values (SUV) were measured within the lesions
and compared to images that were not |Erocessed using the joint-compensation technique. Furthermore,
variabilities arising due to the choice of the reconstruction methods were assessed.
Results: Processing the images using the proposed technique yielded siPnificantIy higher CNR and SUV,
particularly in small spheres, for all the reconstruction methods and all the SBRs (P<0.05). Overall, the
incorporation of wavelet-based denoising within the Lucy Richardson algorithm improved COV and CNR
in all the cases (P<0.05). In the patient data, the median values of the relative difference (%) of CNR for
the compensated images in comparison to the uncompensated images were 40.9%, 41.2%, 45.3% and
40.8% for OSEM, PSF, TOF, and TOFPSF, respectively, in the small lesions (equivalent diameter <15
mm), 31.0%, 25.9%, 34.1% and 28.2% in the average-sized lesions (equivalent diameter<30 mm), 35.7%,
33.7%, 37.8% and 33.2% in the lesions in the lower lung lobes, 33.5%, 31.0%, 35.7% and 30.6% in the
lesions in the upper lung lobes, 39.7%, 37.9%, 45.1% and 39.0% in the low-SBR lesions and 28.8%,
27.8%, 34.8% and 25.7% in the high-SBR lesions. Changes in motion amplitude, target size and SBRs in
the patient data resulted in significant inter-method differences in the images reconstructed using different
methods. Specifically, in a small target size, quantitative accuracy was highly dependent on the choice of
the reconstruction method. o ) ) ] o )
Conclusion: Our results showed that joint compensation, and incorporation of wavelet-based denoising, yielded
improved quantification from PET images. Quantitative accuracy is greatly affected by SBR, lesion size,
breathing motion amplitude, as well as the choice of the reconstruction protocols. Overall, the choice of
reconstruction algorithm combined with compensation method needs to be determined carefully.

Keywords: 8F-FDG PET/CT, Reconstruction Algorithm, PSF, TOF, Combined Compensation, Respiratory Motion,
Partial Volume Effect, Quantification, Lung Cancer
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