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The evaluate the usefulness of various CT kernel
applications by PET/CT attenuation correction

Jae—Young Lee, Yong—Jun Seong, Seok—Hwan Yoon, Chan—Rok Park, Hong—Jae Lee and

Kyung—Wun Noh
Department of Nuclear Medicine, Seoul National University Hospital, Seoul, Korea

Recently PET/CT image’s attenuation correction is used CTAC(Computed Tomgraphy Attenuation
Correction). it can quantitative evaluation by SUV(Standard Uptake Value). This study’s purpose is to evaluate
SUV and to find proper CT kernel using CTAC with applied various CT kernel to PET/CT construction.

Biograph mCT 64 was used for the equipment. We were performed on 20 patients who had examed at our
hospital from february through March 2017. Using NEMA IEC Body Phantom, The data was reconstructed
PET/CT images with CTAC appiled various CT kernel. ANOVA was used to evaluated the significant
difference in the result.

The result of measuring the radioactivity concentration of Phantom was B45F 96% and BSOF 6.58% against
BOSF CT kernel, each respectively. the SUVmax increased to B45F 0.86% and B80F 6.54% against BOSF CT
kernel, In case of patient's parts data, the Lung SUVmax increased to B45F 1.6% and BSOF 6.6%, Liver
SUVmax increased to B45F 0.7% and B8OF 4.7%, and Bone SUVmax increased to B45F 1.3% and BSOF 6.2%,
respectively. As for parts of patient's about Standard Deviation(SD), the Lung SD increased to B45F 4.2% and
B8OF 15.4%, Liver SD increased to B45F 2.1% and B8OF 11%, and Bone SD increased to B45F 2.3% and B80F
14.7%, respectively. There was no significant difference discovered in three CT kernel (P >.05).

When using increased noise CT kernel for PET/CT reconstruction, It tends to change both SUVmax and SD in
ROI(region of interest), Due to the increase the CT kernel number, Sharp noise increased in ROL. so SUVmax
and SD were highly measured, but there was no statistically significant difference. Therefore Using CT kernel
of low variation of SD occur less variation of SUV
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Fig. 1. Siemens Biograph mCT64 PET/CT Scanner was used for
acquisition.

Fig. 2. NEMA IEC Bocy Phantom was used for acquistion data.
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1) Phantom test

Phantom 432 BKG(Background)o] 27kBq Y31,
217} 67112] Sphere®} H]Eo] 1 : 80] H== A|25}3ITt
(Fig. 3) o] WM& 0]-&3}9 toroso protocol-S A&l bed
=2 60x 9] EﬂO]E] 5 & 53t o2 CT kenel parameter (Fig.
)2 H3kA) 7] & 353 CTAC(CT Attenuation correction)
£ PETYAS A7A 39 mCT #gxAL IAet
120KVt TAFEOmADE 431l 1227) 342 5
3t} E=5 GARS True X + TOF(iteration : 2, subset :
21), gaussian filter Smmol|t}t7} thFsE kernel(BOST AC,
B40f medium, B8O ultra sharp)©] -85 CTACE A3}
PET FAS A4 311 & 538 FA2 Syngo.via version
VBI10A softwareE ©]-8-3}o] SUVmaxe} SDE H7l519 1L

SPSS version 232 ©]-85}0] ANOVA AR A5t

Fig. 3. Analysis of NEMA IEC Body phantom of SUVmax and SD.
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Fig. 4. Classification of CT kernel parameter and CT u— map of each
of variable CT kernel.

2) Clinical test

2017 2956 3971A] 9 PET/CT HARS Alaigh
2L 208& didem A HolgE E53 & A+
parameter= ¥ 3}3}0] Lung, Liver, Femur headZS 414

© = 3o} CT kernel'H SUVE} SDE 7151t (Fig. 5)
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Fig. 5. Analysis of Patients data of SUVmax and SD.

% A5k F(Fig. 6) phantom WARs %5 27475} BOSF
182.39 kBg/cc, B45f 184.15 kBg/cc, B8O 194.40kBg/cc ©|
I(Table 1), SUVmax+ < BO8f+= 8.1, B45f 8.17, B80f
8.63 o] (Table 2), SD+= BO8f+= 1.58, B45f 1.60, B8Of 1.69
L2t (Table 3). A5 5 = S% 23} BO8f AC tjjH] B45f
0.96%, B8Of 6.58% =713} 3L SUVmax+= BO8f AC tjjH]
B45f 0.86%, B8Of 6.54% =7}51%2H, SD+= B08f AC tf
H] B45f 1.27%, B80f 6.96% 5715} thH(Fig. 7)

© PET/CT Fusion - Phantom

BO8f AC B45f medium

@ CTAC - Phantom

B80f ultra sharp

BO08f AC
Fig. 6. Result image of CTAC of NEMA IEC Body Phantom.

B45f medium

B80f ultra sharp

Table 1. Activity of Phantom study

Patient BO8f  B45f % Difference B80f % Difference

1 202.82 204.66 0.91 215.92 6.46
200 202.57 1.29 214.09 7.05

214.69 216.39 0.79 228.55 6.46
220.15 6.17

2
3
4 207.35 208.68 0.64
5 169.17 170.86 1.00 180.23 6.54
6

100.32 101.72 1.40 107.44 7.10

Average 182.39 184.15 0.96 194.40 6.58
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Table 2. SUVmax of Phantom study

Patient BO8f B45f 9% Difference B80f % Difference

1 9 9.08 0.89 9.58 6.44
2 8.91 8.99 0.90 9.5 6.62
3 9.53 9.6 0.73 10.14 6.40
4 9.2 9.26 0.65 9.77 6.20
5 751  7.58 0.93 8 6.52
6 445 451 1.35 4.77 7.19
Average 8.10 4.51 0.86 4.77 6.54

Table 3. SD of Phantom study

Patient BO8f B45f % Difference B80f % Difference

1 205  2.07 0.98 2.19 6.83
2 1.82 1.84 1.10 1.94 6.59
3 209 211 0.96 222 6.22
4 1.55  1.56 0.65 1.64 5.81
5 126 1.28 1.59 1.35 7.14
6 0.73  0.74 1.37 0.79 8.22
Average 1.58  1.60 1.27 1.69 6.96

® Phantom Test

e
BOSf B45f BBOf B45f B8Ot

I " T
BOSf Bt B8Of

B45f BB8Of

SUV e 8.10 817 863

SD 1.58 1.60 169

1.21% 6.96%

Activity 18239 18415 194.40

Fig. 7. Result of Phantom study.

2. Clinical test

2R} G| - kernel @] s=AHe] F7bol| whet 94
sharpness 3|3 & 4= Ut (Fig. 8, 9) 1811 Bz
SUVmax= Lungo]| 4] BO8f= 0.61, B45f 0.62, B80f 0.62 ©]
(Table 4), Livero] 4] BOSf= 2.98, B45f 3, B8Of 3.120] 3L
(Table 5), Boneol| 4] BO8fi= 0.8, B45f 0.81, B8Of 0.85% L}
kO w(Table 6), F¢8 SDL Lung olAB08f:= 0.065,
B45f 0.069, B8Of 0.079¢]m(Table 7), Liverc]A] BOSf=
0.237, B45f 0.242, B8Of 0.263 ©]il(Table 8), Boneo]A]
BOSf= 0.129, B45f 0.132, B8Of 0.148% ZAu}r} yghch

(Table 9). ZkA}of| A 91 SUVmax+= Lungol| 4] BOsf AC
] B45f 1.6%, B8Of 6.6% =712 R .gltt. Livero] 4] BOSf
AC tHH] B45f 0.7%, B8Of 4.7% %712 R .¢t}h. Boneol A

BOSf AC tjjH] B45f = AFE-3F uf 1.3%, BSOf 6.2% Z71=
R 9tKFig 10). 5] SD-& Lungol| 4] BOSf AC tjjH] B45f
6.2%, BSOf 15.4% 2712 gtk Livero] 4] BOSf AC tfjH]

B45f 2.1%, B80f 11% 2712 2 .3Jt}. Boneo]| 4] B0 AC tjH]

B45f S A}8-3F uf) 2.3%, BSOf 14.7% %712 X 9t} (Fig 11)

@ CTAC —Clinical Image Trans

BO8f AC B45f medium B80f ultra sharp

@ PET/CT Fusion — Clinical Image Trans

BOsf AC B45f medium B80f ultra sharp

Fig. 8. The Transverse image of Clinical study

® CTAC-Coronal

B08f AC B45f medium B80f ultra sharp

® PET/CT Fusion—Clinical Image

B08f AC

B45f medium

B80f ultra sharp

Fig. 9. The Coronal image of Clinical study.
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Table 4. SUVmax of region of Lung

Table 6. SUVmax of region of Bone

Patient BOS8f  B45f % Difference B80f % Difference
1 0.69 0.7 1.45 0.73 5.80
2 0.65 0.66 1.54 0.71 9.23
3 1.13 1.15 1.77 1.2 6.19
4 0.42 0.44 4.76 0.46 9.52
5 0.66 0.67 1.52 0.71 7.58
6 0.57 0.57 0.00 0.6 5.26
7 0.44 0.44 0.00 0.47 6.82
8 0.66 0.67 1.52 0.68 3.03
9 0.97 0.99 2.06 0.99 2.06
10 0.68 0.68 0.00 0.72 5.88
11 0.47 0.48 2.13 0.51 8.51
12 0.42 0.43 2.38 0.46 9.52
13 0.44 0.44 0.00 0.46 4.55
14 0.66 0.67 1.52 0.69 4.55
15 0.5 0.51 2.00 0.53 6.00
16 0.49 0.5 2.04 0.54 10.20
17 0.58 0.59 1.72 0.61 5.17
18 0.61 0.62 1.64 0.65 6.56
19 0.45 0.46 222 0.48 6.67
20 0.71 0.72 1.41 0.76 7.04

Average 0.61 0.62 1.56 0.65 6.60

Table 5. SUVmax of region of Liver

Patient BOS8f  B45f % Difference B80f % Difference
1 34 3.41 0.29 3.55 441
2 2.71 2.72 0.37 2.85 5.17
3 3.61 3.64 0.83 3.8 5.26
4 2.73 2.75 0.73 2.89 5.86
5 2.86 2.89 1.05 3.01 5.24
6 2.89 2.9 0.35 3.04 5.19
7 3.25 3.26 0.31 3.42 5.23
8 2.83 2.84 0.35 2.85 0.71
9 3.37 3.38 0.30 3.42 1.48
10 3.44 3.46 0.58 3.6 4.65
11 2.66 2.68 0.75 2.8 5.26
12 2.29 2.3 0.44 241 5.24
13 3.23 3.25 0.62 3.39 4.95
14 3.45 3.48 0.87 3.56 3.19
15 3.06 3.08 0.65 3.21 4.90
16 2.86 2.87 0.35 3 4.90
17 3.05 3.07 0.66 3.24 6.23
18 2.63 2.65 0.76 2.76 4.94
19 233 2.35 0.86 2.46 5.58
20 29 2.94 1.38 3.1 6.90

Average 2.98 3.00 0.68 3.12 4.72

Patient BO8f B45f % Difference B80f % Difference
1 0.86 0.88 233 091 5.81
2 0.71 0.72 1.41 0.75 5.63
3 1.21 1.23 1.65 1.3 7.44
4 0.49 0.5 2.04 0.53 8.16
5 1.09 1.1 0.92 1.18 8.26
6 0.49 0.5 2.04 0.53 8.16
7 1.14 1.15 0.88 1.19 4.39
8 0.91 0.9 -1.10 0.93 2.20
9 0.54 0.54 0.00 0.56 3.70
10 1.09 1.1 0.92 1.16 6.42
11 0.66 0.68 3.03 0.71 7.58
12 0.71 0.72 1.41 0.75 5.63
13 0.64 0.65 1.56 0.68 6.25
14 1.2 1.22 1.67 1.23 2.50
15 0.54 0.54 0.00 0.57 5.56
16 0.57 0.58 1.75 0.61 7.02
17 1.05 1.05 0.00 1.12 6.67
18 0.53 0.54 1.89 0.57 7.55
19 0.72 0.72 0.00 0.76 5.56
20 0.85 0.86 1.18 091 7.06

Average 0.80 0.81 1.3 0.85 6.2

Table 7. SD of region of Lung

Patient BO8f  B45f % Difference B80f % Difference

1 0.07 0.07 0.00 0.07 0.00
2 0.07 0.07 0.00 0.07 0.00
3 0.11 0.11 0.00 0.11 0.00
4 0.05 0.05 0.00 0.05 0.00
5 0.08 0.08 0.00 0.09 12.50
6 0.07 0.07 0.00 0.09 28.57
7 0.04 0.05 25.00 0.07 75.00
8 0.07 0.07 0.00 0.07 0.00
9 0.1 0.1 0.00 0.12 20.00
10 0.07 0.07 0.00 0.09 28.57
11 0.06 0.07 16.67 0.07 16.67
12 0.04 0.05 25.00 0.05 25.00
13 0.05 0.06 20.00 0.08 60.00
14 0.07 0.07 0.00 0.08 14.29
15 0.04 0.05 25.00 0.07 75.00
16 0.04 0.05 25.00 0.06 50.00
17 0.05 0.06 20.00 0.06 20.00
18 0.07 0.08 14.29 0.09 28.57
19 0.05 0.05 0.00 0.07 40.00
20 0.1 0.1 0.00 0.11 10.00

Average 0.07 0.07 6.15 0.08 20.77
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Table 8. SD of region of Liver

Patient BO8f  B45f % Difference B80f % Difference
1 0.36 0.37 2.78 0.39 8.33
2 0.2 0.2 0.00 0.23 15.00
3 0.38 0.39 2.63 0.41 7.89
4 0.2 0.21 5.00 0.23 15.00
5 0.28 0.28 0.00 0.29 3.57
6 0.23 0.23 0.00 0.25 8.70
7 0.23 0.23 0.00 0.26 13.04
8 0.18 0.18 0.00 0.19 5.56
9 0.23 0.24 435 0.26 13.04
10 0.24 0.25 4.17 0.27 12.50
11 0.2 0.21 5.00 0.23 15.00
12 0.32 0.33 3.13 0.36 12.50
13 0.19 0.19 0.00 0.21 10.53
14 0.24 0.25 4.17 0.26 8.33
15 0.28 0.28 0.00 0.31 10.71
16 0.26 0.26 0.00 0.28 7.69
17 0.19 0.19 0.00 0.21 10.53
18 0.16 0.17 6.25 0.19 18.75
19 0.17 0.18 5.88 0.2 17.65
20 0.2 0.2 0.00 0.22 10.00

Average 0.237 0.242 2.11 0.263 10.76

Table 9. SD of region of Bone

Patient BOS8f B45f 9% Difference B80f % Difference

1 0.15 0.15 0.00 0.17 13.33
2 0.12  0.12 0.00 0.13 8.33
3 0.18 0.19 5.56 0.21 16.67
4 0.07  0.07 0.00 0.09 28.57
5 035 035 0.00 0.38 8.57
6 0.04  0.05 25.00 0.07 75.00
7 0.17  0.17 0.00 0.19 11.76
8 0.12  0.12 0.00 0.14 16.67
9 0.08  0.08 0.00 0.09 12.50
10 0.19 0.2 5.26 0.23 21.05
11 0.12  0.12 0.00 0.14 16.67
12 0.11  0.11 0.00 0.12 9.09
13 0.09 0.1 11.11 0.12 33.33
14 0.18 0.19 5.56 0.19 5.56
15 0.06  0.06 0.00 0.08 33.33
16 0.08  0.08 0.00 0.09 12.50
17 0.18 0.18 0.00 0.19 5.56
18 0.09  0.09 0.00 0.11 22.22
19 0.08  0.08 0.00 0.08 0.00
20 0.12  0.13 8.33 0.14 16.67

Average 0.129 0.132 2.33 0.148 14.73

o 59| 81 SUV - Clinical Image

B0 it 2718
B08f B45f BBOf B4s5f B8of

SV 061 062 065 16%
BOBI it 7t
BO8f B45f B80f B45f B8of

SuV 208 3 at 0T%
Femur Head SUV, . e B0SfCiH| 5712
B08f B45f B8of B45f B8of

SuV 08 081 085 13%

Fig. 10. SUVmax result of Phantom study

o 52| ¥ SD - Clinical Image
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SD 0.065 0.069 0.079

SD 0.237 0.242 0.263

SD 0.129 0.132 0.148

Fig. 11. SD result of Phantom study
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