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Purpose: To evaluate the dosimetry and image of very low does CT attenuation correction for phantom using
pediatric PET/CT. Materials and methods: three PET / CT scanners (Discovery STe, BiographTruepoint 40,
Discovery 600) as a child-size acrylic phantom and ion chamber dosimeter (Unfous Xi CT, Sweden) using a CT
image acquisition parameters (10, 20, 40, 80, 100, 160 mA; 80, 100, 120, 140 kVp) by varying the depth dose
and evaluate CTDI,, value. And each attenuation corrected PET/CT images used NEMA PET Phantom™
(NU2-1994) was evaluated by SUV. Results: Abdominal diagnosis CT dose in general pediatric (about 10 ages)
parameter (100 kVp, 100 mA) than very low dose CT parameter (80 kVp, 10 mA) at the depth dose was reduced
approximately 92%, CTDI, was reduced to about 88%. Each CT attenuation corrected parameters PET images
showed no change in the value of SUV. Conclusion: for pediatric patients, PET/CT scan can be obtained with
very low dose attenuation correction CT (80 kVp, 10 mA), and such attenuation correction CT dose was reduced
100 fold than diagnosis CT dose. PET / CT scan used very low dose CT attenuation correction in pediatric
patients can be helpful in reducing radiation dose. (Korean J Nucl Med Technol 2011;15(2):53-59)
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Table 1, Specifications of PET/CT system
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Tissue-Equivalent Acrylic Phantom
25 x 25 x 0.80 cm?® * 9EA
/ 25 x 25 x 1.57 cm?® with center hole * 1EA

Center hole 1.5 cm

Fig. 1. The use of tissue-equivalrnt acrylic phantom was

evaluated about 10 years pediatric radiation-absorbed doses.

Fig. 2. The use of an ion-chamber dosimeter (Unfous Xi CT,

Sweden)

>

the

radiation-absorbed doses

of attenuation

correction CT for PET images were measured 5 times each.

Description Discovery STe Biograph TruePoint 40 Discovery 600

PET Subsystem
Crystal material BGO LSO BGO
Number of rings 24 52 24
Ring diameter (mm) 886 842 810
Patient port (mm) 700 700 700
Crystal number 13,440 32,448 12,288
Crystal size (mm’) 4.7%6.8x30 4x4%20 4.7%6.8x30
Coincidence window (ns) 9.75 4.5 9.5
Acquisition mode 2D and 3D 3D 3D
Trans axial FOV (mm) 700 605 700
Axial FOV (mm) 157 216 157
Slice thickness (mm) 3.37 2 3.37
Transmission source Ga-68 Ga-68 Ga-68

CT subsystem
Gantry aperture (mm) 500 500 700
Variation scan speed 0.5 rotation/s 0.19 cm/s 0.5 rotation/s
Anode heat storage capacity (MHU) 6.3 6 6.3
Minimum slice thickness (mm) 2 2 2

BGO=bismuth germinate; LSO=lutetium oxyorthosilicate; PMT=photomultiplier; FOV=field of view
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o]2 A XA (Unfous Xi CT, Sweden) & 419 3 &
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80 mA £ AMESIIC 7t 270 8 ATE Ul F ALY
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NEMA PET Phantom (NU2-1994)

Dimensions: 8" dia x 8.98" 1 (20.3 x 22.8 cm)
I.D.: 7.78" dia (19.7 c¢m)

Wall Thickness: 0.12" (3 mm)

Volume Without Inserts: 6047 ml
— Volume With Three Inserts: 4180 ml

Volume of Fillable Insert: 289 ml

Fig. 3. The NEMA PET PhantomTM (NU2-1994) is designed in accordance with the recommendation by
the National Electrical Manufacturers Association (NEMA). Fillable inserts are transparent Lucite. The
solid insert is Teflon. Insert are inserted thru the lid.

Table 2, CT and PET acquisition parameters for CT and PET image evaluation

CT scan

Discovery STe Biograph TruePoint 40 Discovery 600
Tube Voltage (kVp) 80, 100, 120, 160 80,100, 120,160 80, 100, 120, 160
Tube Current (mA) 10, 20, 40, 80, 160 11, 20, 40, 80 10, 20, 40, 80, 160
Pitch 1.35:1 1.15:1 1.357 : 1
Scan time (sec) 2 2 2
Slice thickness {(mm) 3.75 5 3.75

PET scan
Discovery STe Biograph TruePoint 40 Discovery 600
Emisson time 2min 30sec, 6hrs 2min 30sec, 6hrs 2min, 6hrs
Reconmethod Itertive Itertive 3D Itertive
Iteration 2 3 2
Subset 20 8 16
Matrix size 128 x 128 128 x 128 128 x 128
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Fig. 4. The volume of interest (VOI) in order to a measurement standardized uptake values (SUV) and

CT numbers is selected from the phantom images. Because 30% at the central part of a 1 bed image and

70% at the central part of the images are reconstructed in order to obtain an SUV.
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Fig. 5. Graph show CT noise in the NEMA PET Phantom™
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Tube Current (mA)

Tube Current (mA)

as a Function of PET/CT scanner, Tube Voltage, and Tube Current
in term of the standard deviation of the CT numbers for VOI.
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Image Evaluation : CT Images (Discovery 600)

20mA 40mA

80mA

160mA

100kVp

120kVp

140kVp

Fig. 6. Adequacy of CT (Discovery 600) images as a Function
of PET/CT scanner, Tube Voltage, and Tube Current in the
uniform NEMA PET Phantom™ (NU2-1994).
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Image Evaluation — PET Emission 2min Scan Images (Discovery 600)

10mA 20mA 40mA 80mA 160mA

80kVp

100kVp

120kVp

140kVp

Fig. 8. Adequacy of 2 minutes emission scan PET (Discovery
600) images as a Function of PET/CT scanner, Tube Voltage,
and Tube Current in the uniform NEMA PET Phantom™
(NU2-1994).

Discovery STe Biograph TruePoint 40 Discovery 600
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Fig. 7. Graph show 2 min and 2 min 30 sec emission PET images as a Function of PET/CT scanner, Tube Voltage, and Tube
Current in the NEMA PET Phantom™ in term of the SUVs for VOL.
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Fig. 9. Graph show 6 hours emission PET images as a Function of PET/CT scanner, Tube

PET PhantomTM in term of the SUVs for VOIL
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Fig. 11. Graph show CT absorbed dose as a Function of PET/CT scanner, Tube Voltage, and Tube Current in the acrylic phantom.

Image Evaluation — PET Emission 6hrs Scan Images (Discovery 600)

10mA 20mA 40mA 80mA 160mA

80kVp

100kVp

120kVp

140kVp

Fig. 10. Adequacy of 6 hourse emission scan PET (Discovery
600) images as a Function of PET/CT scanner, Tube Voltage,
and Tube Current in the uniform NEMA PET Phantom™
(NU2-1994).
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Table 3, CT Dose as a Function of PET/CT scanner, Tube Voltage, and Tube Current,

PET/CT Scanner

CTDIvol (mGy)

Tube Voltage

10 mA 20 mA 40 mA 80 mA 160 mA
Discovery STe 80 kVp 0.07252 0.1546 0.3122 0.6246 1.246
100 kVp 0.1569 0.3161 0.6296 1.259 2.529
120 kVp 0.2505 0.5055 1.024 2.053 4.088
140 kVp 0.3608 0.7338 1.471 2.954 5.922
11 mA 20 mA 40 mA 80 mA 160 mA
BoigraphTruepoint 40 80 kVp 0.618 1.036 2.019 4.071
100 kVp 1.315 227 4.511 9.091
120 kVp 2172 3.693 7.452 14.92
140 kVp 3.204 5.618 11.28 22.71
10 mA 20 mA 40 mA 80 mA 160 mA
Discovery 600 80 kVp 0.1234 0.2435 0.4876 0.9782 1.943
100 kVp 0.2448 0.4894 0.9756 1.96 3.9
120 kVp 0.3971 0.7903 1.573 3.167 6.331
140 kVp 0.5705 1.14 2.285 4.57 9.148
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