Annals of Nuclear Medicine and Sciences

Pt F RS

September 11, 2008

FELA

AR R ) P RIS ent e - Rl GRS R R d R
S SRRy 2 PRI B P

GRicm®RT ™ @2 03-2115563 4. % %)
ﬁ‘%’ i+ #L W %%r;u .

(] festis % A8 MATE
(] ket 8 % 3 Map b e o | GHhee i - digw) >

i
AEHELp G5 *erdld BY?
[JFR A * 24 B (3F 7400 ~ A fi) - s4p 7 H2 5 BI5L -

D LA Fr B f] e e

Fogtie & ¢ o



PR o TS R T e 365 12 v W T A SR B 5 1T T U Rk
(FUR B IE TE)

Wiz

RAT ERAY MRE GV ErE FRW EEH

'BiFFERAE AR IRAERMALA
e AR K S RS AT A
PLBEZRE BEVREIHRMAEA
HMAREET A SR B UILE AN A
SRR H KA R A

BR: MAEETHHNEMKEE &Y (microPET) & 45t
BRARIBEHRROG—KRAE - SFH I MO EDHH
B % > microPET Z Aty o X L £ 269 K -
st — A8 A KA microPET# 4G E ik R AR £ 2 - A5t
RXLBMEARB-—ERFHERERL* > BAA
microPET#& % £ » A B &2 5L 6 & & 547 o

BiE : KK AmicroPET L 223 4tk 35 % & (beam
stopper device; BS) s £ I MiFHMEF > BEAEH R
EREREHRBASHIG - EBREARFIHE %
RENCIBEONRT  REARFHATRFHOE
o T R AR LI IR K 2 & 0 3 F Acubic
spline M 46 & W ARt A4 2 > A E B HHMBEZ R
8 o KR AR A% A P microPET i 4718 8¢ & % » WA
SIMSETZ - AR5 RL B AR » (KBS 7 ik BB K
L# R RS LT AE# I (single scatter simulation;
SSS) #) 45 E MR 3K e

fER : BSH B B A 7 £ B15.24% » BHLRUF
B BLER o sbsh » BSEILSSS ik T AL A 2 FAR # 4
oo B B ERARUR AR B H g -

fEEm : BSAHEA i ER G KR K - TAE R

974220 H 3% 974E3H18 HiEek 9744 17 H %2 FIIiK
A& N @ BRI A T4060 1AL e i L 1157 T B RH RS UR Rl £t
S TEAT : (04) 223916477104 W {5F : jwu@ctust.edu.tw

B REIF SPAR GE R A S A8 > B3t B AR RAER A K
HE -

RO : MAE FHAHEMERRE Y » HBHBE - HR
FR4E R B

% FB25E52008;21:141-150

.

BU

JI[]

PV IE G FE MG % (microPET) FSFIIFHIEF
TG 2B RS g 3 5 B li (positron emission tomography;
PET) 1T/ NEWWIERE (1] wliehBhi sE & s TR TE A
B b~ BTSRRI ~ AR IE IR - DU KGR
FNIF IS 9T (2-6] » KRR SR RIS © fALIE
- S R MR P 5 2 B R B BATE S W] B89 .2 73 Afii st
TTRALIHT - DI BRI R EL D E ER 252 « (KUt »
B T iECR AL YEREYE - SIS HGDE TG A A LR
R IE (78 B SR — [7] ©

i o 5 T~ ST f i {28 PO AR B AR LRV
Watson T2 B —HURHOE 1% (single scatter simula-
tion; SSS) [8,9] /T IE(RER IE+ Bd#E 1 AL B Pl s AR R RK
BOCFAEYIRE R — R T Bl B (e b ds Pl £
Wi > ERIELRI P RS P55 52 AR B S YRk 6 ' 8 A B 1
VI 5 5 i SRR AR S R AR B R > SR B A R A
R 7 ZGEATRE ) o R R AR o - B2 A



WER F
Lin HH et al

FABUT AR IR EE & (scatter tail fitting) F{5IRR%E 2 B BR B
{6 o fRE A ZIEE GRS BRSNS > ha
PR 77 o Rl o SSSIE RS H A28 #R A AU Bk
W IEE 2 — » HAREMER SRR E RN T 4 T
T B — R A AR OE R 0 o SR SSSIE MG
A YRR % REST (multiple scatter) BZHREFSE (outside
the field of view; OFOV) Ht& » i HL 75 B i i) B A E B
RES) -

By T A b B o AN TR SRR S OROBH 4 28 E
(beam stopper device method; BS) [10,11] [T 8 IE -+
T R &R b > UETTHUR G IE  BSIERVAFIRATE
PRI A i Bt 5 B RO o0 i > AT RIS 5 82K 5
OFOVELZ RENGIHI R B o IL7 kT R > A KEE
RERHIEEMGEE > A FEH] P microPET —#ERS R BB
BREIE -

BESA
it

BT TR P 2 1 S B v [ - P 1) B ) (B 2B B
SRERRHNYIRS B o TR —EPERAAEE o (RE%ErT
Vo tm s > BRI SR & DL —E RV EL B il E 20 - 1
A RIS SZ R BR R S E RIS B » 15 7 i A ATt R
o PRSI RSTARER K > HZERER RTRESEa Y
i HAREBEGOL T - fEfmiER b FIRE /8
T G R BE F 2 1 73 IS TR i@l (sinogram) o 7EPH 5
an P ER I [RIFF RS (line of resonse; LOR) - » fi X fifi

ALV MRS -
CR(tiae):P(ti’6)+S(t179) ...................................... @))
Cp(t,0)=T(1,,0)xP,,0)+S(,0) . )

HrhC, FEBUE S R P 23 i LOR | - A
75 0 HLER | AR as B PRI EH BUE (Figure 1A) 3
C SR E B R IR S E - (HAEAHIRIFTLOR LR
AT (Figure 1B) © S F1P 73 AR FAREASE I ECH R
173 B B SR 7 ~ TASLOR LA PR 8 S 1ok 1 %2
BA o HHFSRH R 2 IE A B b B AT A2 TR
T{EATLIFRIORET -

Zosm a4 (Air Scan)

B4 T Al M 22 A (blank scan) K15 > 158
-68 (“Ge) SHFBUE > Egas PUE - 73 Al US A /ST REH
PR AGTE T Ay I AE A H B - W AH B 2 R ERSLOR (vi,
) IR 28 » AR -

T(t,,0) = Cyo(t;,0)/Cro(1;50) oo A3)

Hrhe, B E R i AEE N 22 R o C RIS K
PSSR I 22 RIT Y o TSR ZEE N2 > EED)
= 1l > LORIG MM FE SR AT BELAE < ML > SHE(T) < 1
i > HICRLORMES (i 1 SRpE 1 -

B

Ann Nucl Med Sci 2008;21:141-150

142

Figure 1. Scan of microPET
(A) with beam stopper device
and (B) without beam stopper
device.
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Figure 2. Flow chart of the BS scatter correction scheme.
Air scans (with and without beam stoppers) were performed
beforehand to obtain the transmission fraction (T) informa-
tion of the beam stopper. These transmission fraction data
were then used to separate the primary from the scatter
events during the object scans.
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Figure 3. Beam stopper device consisting of 5 lead rods was
designed as a birdcage with a radius of 4 cm.
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Phantom 1 Phantom 2

Figure 4. The phantoms consisted of two 5-cm-diameter
cylinders with axial length of 5 cm. (A) Four small cylinders
with a diameter of 1 cm were inserted into the A1l region of
phantom 1. (B) The phantom 2 was placed aside the phan-
tom 1.
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Figure 5. The histogram of T values.
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Figure 6. Profiles of the z = 2.5 cm sinogram at (A) 0° and (B) 90°.
Table 1. Indexes of CS and CV at different regions
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B C D E Al
Phantom 0 0.5 2 0.5 0
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BS 0.23 £ 0.03 0.50 £ 0.03 1.49 = 0.07 0.45 = 0.03 0.095
SSS 0.16 = 0.03 0.43 £ 0.03 1.53 = 0.08 0.39 = 0.03 0.086
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Figure 7. Reconstructed images of the phantoms: (A) ideal image; (B) uncorrected image; (C) image corrected by the BS
method; and (D) image corrected by the SSS method.
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Figure 8. Profiles through the phantom image of Figure 7. (A) The horizontal profile at y = 64 and (B) the vertical profile at
X = 64.
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Scatter Correction in MicroPET Using Beam Stopper Method
(Scatter Correction Method)

Hsin-Hon Lin', Jay Wu’, Chun-Chao Chuang'’, Cheng-Chang Lu'’, Keh-Shih Chuang',
Ing-Ming Hwang', Meei-Ling Jan’

'Department of Biomedical Engineering and Environmental Sciences, Tsing Hua University, Hsinchu, Taiwan, ROC
*Department of Radiological Technology, Central Taiwan University of Science and Technology, Taichung, Taiwan, ROC
*Department of Medical Imaging and Radiological Sciences, Chung Shan Medical University, Taichung, Taiwan, ROC
‘Department of Medical Imaging Technology, Shu Zen College of Medicine and Management, Kaohsiung, Taiwan, ROC
*Institute of Nuclear Energy research, Atomic Energy Council, Longtan, Taoyuan, Taiwan, ROC

Background: The microPET system provides investigators a helpful tool for the drug development and the imaging
of gene expression. Especially for pharmacokinetic studies on the small animal, the most challenging issue is the
accurate quantification of images. Therefore, an effective and reliable scatter correction method is necessary to
improve quantitative performance. We proposed a scatter correction method for the microPET system with the aim
of estimating the scatter distribution exacily.

Methods: We extend the use of the beam stopper device and divide the animal scan into two sub-scans with and
without the beam stoppers. By assuming that the scattered radiation tends to be a spatially slow-varying function,
the scatter components at LOR blocked by each stopper can be estimated and the whole scattered sinogram can be
recovered using interpolation from these local measurements. The phantom study on the microPET was investigat-
ed and we also simulated the Monte Carlo result as a golden standard to compare with the performance of Beam
Stopper (BS) method and Single Scatter Simulation (SSS) method used in clinic currently.

Results: The scatter fraction evaluated by BS method was 15.24 % and was close to the Monde Carlo result.
Besides, the proposed method outperformed the SSS method in term of the estimated scatter distributions and the
recovery of contrast.

Conclusion: The proposed method considers scatter from outside of field of view and multiple scatter. Thus, it could
improve the quantitative performance with microPET applications.

Key words: microPET, beam stopper, scatter correction
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