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A study on evaluation of the image with washed-out artifact after
applying scatter limitation correction algorithmin PET/CT exam

Hyun—Soo Ko and Jae—kwang Ryu
Department of Nuclear Medicine, Asan medical Center, Seoul, Korea

In PET/CT exam, washed-out artifact could occur due to severe motion of the patient and high specific
activity, it results in lowering not only qualitative reading but also quantitative analysis. Scatter
limitation correction by GE is an algorism to correct washed-out artifact and recover the images in
PET scan. The purpose of this study is to measure the threshold of specific activity which can recovers
to original uptake values on the image shown with washed-out artifact from phantom experiment and
to compare the quantitative analysis of the clinical patient’s data before and after correction.

PET and CT images were acquired in having no misalignment(DO) and in 1, 2, 3, 4 cm distance of
misalignment(D1, D2, D3, D4) respectively, with 20 steps of each specific activity from 20 to 20,000 kBg/ml
on ®Ge cylinder phantom. Also, we measured the distance of misalignment of foley catheter line between CT
and PET images, the specific activity which makes washed-out artifact, SUVimean Of muscle in artifact slice and
SUVinex Of lesion in artifact slice and SUVinex Of the other lesion out of artifact slice before and after correction
respectively from 34 patients who underwent *F-FDG Fusion Whole Body PET/CT exam. SPSS 21 was used
to analyze the difference in the SUV between before and after scatter limitation correction by paired t-test.

In phantom experiment, SUViean of ®Ge cylinder decreased as specific activity of “°F increased. SUVinean
more and more decreased as the distance of misalignment between CT and PET more increased. On the
other hand, the effect of correction increased as the distance more increased. From phantom experiments,
there was no washed-out artifact below 50 kBg/ml and SUVmean Was same from origin. On DO and D1,
SUVmean recovered to origin(0.95) below 120 kBg/ml when applying scatter limitation correction. On D2
and D3, SUVnean recovered to origin below 100 kBg/ml. On D4, SUVmean recovered to origin below 80
kBg/ml. From 34 clinical patient’s data, the average distance of misalignment was 2.02 cm and the average
specific activity which makes washed-out artifact was 490.15 kBg/ml. The average SUVpean Of muscles and
the average SUVnmax Of lesions in artifact slice before and after the correction show a significant difference
according to a paired t-test respectively(t=-13.805, p=0.000)(t=-2.851, p=0.012), but the average SUVmax Of
lesions out of artifact slice show a no significant difference (t=-1.173, p=0.250).

Scatter limitation correction algorism by GE PET/CT scanner helps to correct washed-out artifact from motion
of a patient or high specific activity and to recover the PET images. When we read the image occurred with
washed-out artifact by measuring the distance of misalignment between CT and PET image, specific activity
after applying scatter limitation algorism, we can analyze the images more accurately without repeating scan.
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Fig. 1. The washed—out artifacts occured in the PET images because of many reasons : (a) foley catheter line, (b) urine contamination,

(c) source contamination, (d) extra—vasation of injection.
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Fig. 2. The washed—out artifacts were removed and the images were recovered after applying scatter limitation correction algorithm

respectively from Fig. 1(a—e, b—), c—)g, d—h).
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1. ¥Ge M2IE MY MY

AgolAly Y A= ] (Quality control) & 2+ @
Z}A (Standard Operation Procedure)ol] @wel PET %A
9] w45 (uniformity) & 5743171 13} TH}E}(Weekly)
AgElE PGe AdH WEE olgsle] Wi IFE
(washed—out artifact) &YX +U == v 7}t
AgE ¥Ge AT WY AYo] ARE ok Prh(Fig,
3)(Table 1).

Table 1. Information of ®Ge cylinder phantom for daily PET QC

Model PET-20C19/2
Nuclide ®Ge
Serial No. K678
Volume 6000 ml

W value 0.103
Activity 74 MBq

Calibration date 2016 /Jun/ 15

Fig. 3. ®Ge cylinder phantom was used for measuring uniformity of
PET imaging according to the Standard Operation Procedure of
Quiality Control.

PET A ol A YA ¢l ZE(washed—out artifact)< 2F
BAZ7] 98 dejol PR AYe] v (specific
activity)©] ZFz+ 20,000, 10,000, 5,000, 3,000, 2,000,
1,500, 1,000, 800, 600, 500, 400, 300, 250, 200, 150,
120, 100, 80, 50, 20 kBq/ml 7} E=2 20 @A2 2535}

I, °F 499 CT 94k PET g4t 29217} §12 o
(DO),% A2|7} 212+ 1, 2, 3, 4 em¥d wj(D1, D2, D3, D4)
o] Y& F5sHTHFig. 4).

Do D1 D2 D3 D4

Fig. 4. PET and CT images were acquired in having no
misalignment(DO) and in 1 ~ 4 cm distance of misalignment
(D1~D4) respectively with 20 steps of each specific activity.

5y GAtoA FACRRE 80 % 7|2 BA
(Region of Interest: RODE A7Asto] Atek A3k © 74

18E H8 Aup 590 i B2 A AL (SUVinean) =
ot H(Fig. 5).
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Fig. 5. SUVmean Was measured by drawing 80% ROI(Region of A
Interest) on the center of ®Ge cylinder phantom before and after 3). BN
applying scatter limitation correction algorithm.

Fig. 6. GE Discovery 710 PET/CT scanner was used for °8Ge
cylinder phantom experiment.

T3k G4 S5 W AT 2L eIt Zov|(Table
AT A Bt Y BA 0w E 93 AT

20| A scatter limitation A7= ‘On’ 2.2
o
[e]

q s
AF2 A4 (Image reconstruction) ST

¥Ge AHE WY Ao| AL = AH= GE AR
Discovery 71022, 452 t}&a} ZdriFig. 6)(Table 2).

o oo

Table 2. The components of PET and CT equipment of GE Discovery 710

Gantry aperture: 70 cm
Detector elements 85,368
Type of detector V-Res™
X-ray generator 72 kW
CT physical assembly kVp range 80 - 140 kvp
mMA range 10 - 600 mA
Anode heat storage capacity 6.3 MHU

Tube Focal spot

small 0.9 x 0.7 mm

Large 1.2 x 1.1 mm
Principle Slip-ring technique
Aperture 70 cm
Scan FOV 70cm
CT scan parameters - - -
Maximum number of slices 128 slices
Minimum slice thickness 0.625 mm
Minimum Scan speed 0.35 sec

PET system components

Crystal type : LYSO crystal

Crystal dimensions: 4.2 x 6.3 x 25 mm

Number of crystals: 13,824 ea

Detector ring diameter: 810 mm

Plane spacing: 3.27 mm

Transaxial FOV: 70 cm

Axial FOV: 15.7 cm
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Table3. Scan and reconstruction parameters for PET image

Scan .
Reconstruction parameter
parameter
. Recon. . .
Duration Iteration |Subset| FWHM |  Matrix
Method
2min/1 bed | VPFX-S 4 18 [4.0mm| 192 x 192
Attenuation:
Type: Measured Mone
CTAC Type: Imageset Sean
CTAC Series:
P> CTAC 3.75 Thicl Prior
¥
Next
Contrast .
Compensation: PGITEHS 2 | i ‘
CTAC Shift: Mo L (mm): |En<a<3@ P (mm): |Enzwsea S (mm): |@.<se3[s
Correction:
Well Counter: SER:::“:I':;' & Sensitivity | None ‘
WCCFile: Default Others
[50 UCC 14 June 2010 P;zr
Next
Normalization: Default Others | Mone ‘
PET 3D Horwalization Prior
Next
Randoms: Singles Mone | Beaitime ‘ ”‘;2;;;&:;:
Scatter: On Scatter Limit: On
Deadtime: On
OK Cancel

Fig. 7. The image was reconstructed by applying scatter limitation
correction to correct washed—out artifact and to compare the result
of analysis.
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tho] Au|S o]gslo] F-FDG Fusion Whole Body
PET/CT ZHARE Al8gE 3k} FollA, 2] Zk¥H(foley
catheter line) W 3 B|ARsol SJal] W4 q13-Eo] WAy
334 (g 179, of: 179, Hat o] 63.4 + 17.2 yrs)
O] AE Hfo = = AT WA deES EA
Al71E F7e] @A CT G433 PET /2] 9744 =94
7)2](Distance: D), W4 Q122 vhIA] 7| = golo] F=

H]HFARS(Specific Activity: S.A)2] 42| (kBq/ml)(Fig.
8), Aa-=o] AT T W Z&(muscle) ol A & AFAAIRE

O

B4 Ant & it 2E A3 AGSUVinean), Q13201 LA
oo o g (1651on)°ﬂ/‘14 AltA|gE B Ak & Xy
3 A3 AUV, 1520 HASHA] 982 thi W
*HH (lesion) o A 9] AFHAIGE A Hat & Xoff 2 4
A= (SUVua) & S48 0HFig. 9)

Fig. 8. Distance of misalignment between CT and PET image(a) and
specific activity in foley catheter line(b) were measured.

Before After Before After
correction correction correction correction

H H s ¢
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% , ﬁ 1) (c2)
Fetm=ee . A A

ey B @y 62

Fig. 9. SUVmean Of muscles before correction(al) and after
correction(a2), SUVmax Of lesions before correction(b1) and after
correction(b2) in artifact slice and SUVmax of the other lesions before
correction(c1) and after correction(c2) out of artifact slice were
measured respectively.

[o

GAy E4L GE Advanced Workstation 4,62
g5tk ol “Ge AE Wy Ao A = Bt BE
AFH ALSUViean) & 254 S48 A2I7HA] &4 8k3laL
A A FAolA= de=E W 25 Bt #F A
A (SUVinean) &t BRI 2t #£3 AFH AG(SUViad) &
a4 A A7 ST B W deES
WA= AYe] H[RANs2 AH] workstation®]
Dynamic VUE £4] toolZ o]-&3}o] ¢9] Hulot YAl
(kBa/ml)& Z7d3F3ich(Fig. 10).
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Tools

company, USA)Z o1-§-510] thg- 342 t 78 AT,

| EI.
68 o S
1. 7 Ge AEiH HHE A
W ol 2 vkl A BGe Ay ME Q] 712 SUVinean

(Original)= 0.9501%1c}, F A99] H]¥ARs(specific
activity) 20,000, 10,000, 5,000, 3,000, 2,000, 1,500,
1,000, 800, 600, 500, 400, 300, 250, 200, 150, 120,
100, 80, 50, 20 kBq/ml 20 SA A, CT S8} PET 9
Aol E-212)7} 91 (DO)} &7 Z+2H 1, 2, 3, 4 cm
Fig. 10. Specific activity was measured by using Dynamic VUE tool o WD1, D2, D3’ D4) “Ge HElE o] B A
on the workstation. SUVmeani= Ther 32 A THTable 4).

~ 3 _ CT A} PET Ate] & B2l x] AZ|(DO ~ D4)ol| A
FAL AR o I8eINO) BE BE AN AS g gero) walo] 8% SUV.. 7} 7haslei)

ROI13 Statistics

Area 1174 pixels 9.96cm?
Center:L42.0, A100.0
Mean : : 20.86kBq/ml

Std : 65.19KBq/mI
Max : 403.92kEq/ml
Min : 0.00kBqg/mi

.......................

(SUViean), 52 Wl B9 B 3E Al M= 5 1 eyapm) pET odare] 2ol Azt AREZ(DO
%‘Eﬂﬂ]fﬂ# 2o 2 AH Al (SUVinan) 2] AR AR 24 D4) SUV,en?t 225] 7231900k vhl2 2915 7a)7}
W FE4 IS Hlweb] #15 SPSS ver. 2HBM s ek A9 B4 A3 o STk, 10),

Table 4. The results of measured SUVmean according to each specific activity and distance of misalignment between CT and PET image
before(SLor) and after(SLon) scatter limitation correction

Misalignment distance between CT and PET
0 cm (D0) 1cm (D1) 2cm (D2) 3 cm (D3) 4.cm (D4)

specific activity SLost SLon SLot SLon SLost SLon SLost SLon SLost SLon
kBg/ml SuUv SuUv SUv SuUv SUv SUv SUvV SuUv Suv SUv

1 20000 0.60 0.69 0.59 0.79 0.56 0.81 0.54 0.83 0.52 0.84
2 10000 0.70 0.74 0.67 0.81 0.64 0.82 0.62 0.84 0.60 0.85
3 5000 0.74 0.77 0.70 0.82 0.67 0.83 0.64 0.84 0.61 0.85
4 3000 0.78 0.81 0.73 0.83 0.70 0.84 0.67 0.85 0.63 0.86
5 2000 0.82 0.85 0.78 0.85 0.73 0.85 0.69 0.86 0.64 0.87
6 1500 0.86 0.87 0.81 0.86 0.76 0.85 0.72 0.87 0.68 0.88
7 1000 0.87 0.88 0.83 0.88 0.79 0.86 0.75 0.88 0.73 0.89
8 800 0.88 0.89 0.84 0.89 0.80 0.88 0.78 0.89 0.75 0.89
9 600 0.89 0.90 0.85 0.90 0.82 0.89 0.79 0.90 0.77 0.90
10 500 0.89 0.90 0.86 0.90 0.85 0.90 0.81 0.90 0.79 0.91
11 400 0.90 0.93 0.88 0.92 0.86 0.91 0.83 0.91 0.81 0.91
12 300 0.91 0.93 0.88 0.93 0.86 0.92 0.85 0.92 0.83 0.92
13 250 0.92 0.93 0.89 0.93 0.88 0.93 0.86 0.93 0.84 0.93
14 200 0.92 0.93 0.90 0.93 0.89 0.93 0.88 0.93 0.85 0.93
15 150 0.93 0.94 0.90 0.94 0.90 0.94 0.90 0.94 0.87 0.94
16 120 0.93 0.95 0.92 0.95 0.91 0.94 0.91 0.94 0.90 0.94
17 100 0.94 0.95 0.93 0.95 0.92 0.95 0.92 0.95 0.91 0.94
18 80 0.94 0.95 0.94 0.95 0.93 0.95 0.93 0.95 0.93 0.95
19 50 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
20 20 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
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Fig. 10. The graphs show the results of measured SUVmean according to each 20 steps of specific activity and distance of misalignment
between CT and PET image before applying scatter limitation correction(a) and after applying scatter limitation correction(b).

PR A0] uliAks 50 kBq/ml o]atell A= ¥Ge ARIT F/Hﬂ?:i A a1
Joll Al ot o R E W o1 FEo] Hh¥skA] egt o EYUX7F ¢4 w(DO_SLen)@t 1 cm 2to|7} 9

&L A3 23 CT 9AH T PET 94
1o
=

A 3 ‘ﬂ*
on) Hep 5 431 Aol Aol Yoick, 1m A (DISLuis VP ARie] IARS] 120 kEa/ml 013 2
SUVmezn SUVmean
100 —= = = 1.00
090 - ———— 0.90
080 080
070 070
0.60 ! 0.60
050 T T T T T T T T T T T T T |: T T T 050
@QQQ @@ P&@ \0@ @Q §Q "l(:"() '\(’b _\QQ & kBg/ml ,LQQ &
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'19@9 g F P S e keqml

(e) D4

Fig. 11. (a) (b) On DO and D1, SUVmean recovered to origin(0.95) below 120 kBa/ml when applying scatter limitation correction. (c) (d) On
D2 and D3, SUVmean recovered to origin below 100 kBg/ml. (€) On D4, SUVmean recovered to origin below 80 kBa/ml.
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e 7] PGe AT WE O] SUViean(0.95)9F T3}
A 8% 5903, 2 cm(D2_SLon) 2} 3 em(D3_SLn) ZHo] ol
A= 100 kBq/ml ©]3} & wfl, 4 cm(D4_SLoy) ZFo]oll A=
80 kBg/ml |3} & o] 712 SUVinean2}t 5 LM 3 =91
thFig. 11).

Table 5. The results of clinical patient’s data

2, WA QIBE0| WAIE Q1A B} MR BT
82) EHfoley catheter line) Y =& v|HAso| 9
off W Qlgmo] WAERE 349 (17, o] 17, Hat U
0] 63.4 + 17.2 yrs)2] TAE thF o2 J-& EA%H 4
I}, CT 9732 PET B4 EUA] Bt A2 (Dave)= 2.02
cmO| AL, WA IFEE WA= Bt BIARS(S. Aave)

Distance btw SA Muscle Lesion Lesion
CT and PET in artifact in artifact in artifact out of artifact
(cm) (kBg/ml) (SUVmean) (SUVmax) (SUVmax)

SLost SLon SLott SLon SLott SLon
1 2.14 384.08 0.02 0.84 27.62 28.83 7.69 7.69
2 2.16 546.00 0.05 0.46 * * 4.31 4.29
3 5.26 212.80 0.02 0.56 3.23 4.86 12.27 12.27
4 1.25 622.80 0.06 0.84 11.07 14.97 7.96 7.99
5 1.22 588.00 0.09 0.32 8.90 9.87 4.35 4.35
6 1.80 170.00 0.04 0.40 7.23 7.43 8.37 8.36
7 1.05 180.00 0.10 0.56 * * 4.23 4.22
8 4.05 746.00 0.01 0.63 * * 7.44 7.44
9 2.36 354.40 0.08 0.55 4.42 5.39 10.27 10.27

10 0.79 906.40 0.32 0.50 * * t t

11 1.42 342.60 0.02 0.34 * * t t
12 1.27 495.60 0.06 0.40 4.09 5.07 6.02 6.02
13 4.35 475.80 0.01 0.42 10.25 19.68 1.77 7.76
14 1.35 366.60 0.10 0.48 * * 12.88 12.87
15 1.24 199.80 0.24 0.76 * * 4.71 4,72

16 1.33 377.00 0.28 0.57 3.45 427 t t
17 1.42 1901.20 0.44 0.87 * * 8.71 8.73
18 3.27 144.80 0.11 0.78 3.94 4,73 9.13 9.14
19 1.63 705.60 0.29 0.83 * * 493 4.96
20 4.25 1292.20 0.25 0.41 * * 3.20 3.21
21 1.86 187.76 0.33 0.53 9.12 9.83 8.42 8.43
22 2.35 1130.00 0.03 0.86 * * 8.69 8.68
23 2.50 195.04 0.28 0.80 2.81 3.59 2.76 2.76
24 0.96 313.20 0.21 0.52 2.95 3.23 7.30 7.29
25 0.74 555.92 0.04 0.49 2.77 3.25 4.96 4.96
26 0.63 500.00 0.23 0.51 * * 3.01 3.01
27 1.86 495.20 0.01 0.47 * * 6.85 6.86
28 0.71 578.60 0.15 0.38 3.12 4.25 4.45 4.45
29 1.01 215.80 0.07 0.69 * * 6.61 6.61
30 4.26 385.78 0.06 0.54 2.87 3.50 6.72 6.72
31 1.25 242.00 0.05 0.33 * * 7.17 7.17
32 111 181.60 0.23 0.55 * * 4.59 4.59
33 242 251.70 0.25 0.51 4.23 5.13 19.56 19.81
34 3.52 420.80 0.32 0.57 * * 5.10 5.10
Ave. 2.02 490.15 0.14 0.57 6.59 8.11 7.11 7.12

* The case of no lesion in artifact slice
T The case of no lesion out of artifact slice

62



2 490.15 kBg/ml ©]3lt}, 3499 ZF 24 3re o2t 2

tHTable 5).

ARl FAe] 38 Arg YEhs TS (muscle) <]
SUVmeant= A AISE 24 A Hat 0, 14004 BA 3 0,57
& 297.3% 3A F7t skt B Aif $2] zfolE Bl
517] 9lel] -8 i t A7 (paired t test) AIYT A2t &
AH oz Folgt zfo l 7F A cHt=-13.805, p=0.000).

34 o] A} 5 la-Eo] dhAygh th yjof Bwo] &gt
BAb= 179 o191aL, 71 W (lesion) ] SUViman= Abe A
St EY A Hat 6,59 oA HA 5.8 11 & 23.0% 27V}
o} B4 A3} 5o 2polF ]I 517 ) g F ¢ A
(paired t test)S A3t Aut SA 2 02 {23t zxfo]7} 9]
Acht=—2.851, p=0.012).

340 32} 5 Qla-Eo] WAYSHA] o2 T Ujof| ol
ZA5F k= 317 01911, 1 B (lesion)?] SUVimas=
A AR A HAE T 11 BAH T 7 1220.1% 5
7¥etoict, B4 At 3-2] 2po]F il 5}7] fl3) -3 2
t 7 (paired t test)> A3t Av} SAH 0= {23t 2}
o]7} §1lth(t=—1,173, p=0.250).
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2

PET/CT Aol A thefet o] -2 /o] g5 o] Liet
UAL} ol T o] 8RS 71=A o] Qi Es] & 1-74/\]—01]/\1
0] 413k 82910 <18 CT Ak} PET 4pe] 2917
7} 7|3, Auka oz Aol W Q1g-Eo] Walslt, ol
o PET/CT “g8]9] Abgk Algh A gare|&-2 4-8-51H ¢
AL2] gk FAl lel ogh WA Qg A Ask] AE o
o AL 3% T 4= ek, 53] OT BT & PR S
Z4= PET /9] nlAlgt EdA] o) ofsix = W4 ¢lgEo]
470 M 4 ok, B AT Fo) & uakso] o))
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o7} A THt=—1.173, p=0.250). ol= Atet Algt 2
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Fig.11. ImPACT CT Patient Dosimetry Calculator was used to calculate the radiation exposure when acquiring additional CT scan.
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