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Abstract: This study is a model experimental study using a phantom to propose an optimized brain CT scan protocol
that can reduce the radiation dose of a patient and remain quality of image. We investigate the CT scan parameters
of brain CT in clinical medical institutions and to measure the important parameters that determine the quality of
CT images. We used 52 multislice spiral CT (SOMATOM Definition AS+, Siemens Healthcare, Germany). The scan
parameters were tube voltage (kVp), tube current (mAs), scan time, slice thickness, pitch, and scan field of view
(SFOV) directly related to the patient's exposure dose. The CT dose indicators were CTDIvol and DLP. The CT
images were obtained while increasing the imaging conditions constantly from the phantom limit value (Q1) to the
maximum value (Q4) for AAPM CT performance evaluation. And statistics analyzed with Pearson's correlation coef-
ficients. The result of tube voltage that the increase in tube voltage proportionally increases the variation range of
the CT number. And similar results were obtained in the qualitative evaluation of the CT image compared to the
tube voltage of 120 kVp, which was applied clinically at 100 kVp. Also, the scan conditions were appropriate in the
tube current range of 250 mAs to 350 mAs when the tube voltage was 100 kVp. Therefore, by applying the proposed
brain CT scanning parameters can be reduced the radiation dose of the patient while maintaining quality of image.
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Fig. 1. Shows the setting up the AAPM CT performance phantom, and the part phantoms to the evaluated CT images. CT
number and noise (a), field uniformity (b), spatial resolution (c), and contrast resolution (d).
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Table 1. Acceptance criteria of images assessment to measure the CT number, noise, uniformity, spatial resolution, and
contrast resolution by using AAPM CT performance phantom in this study.

Performance items Acceptance criteria

Hounsfield unit (HU) of water equal to zero, but range of £+7 HU at center of image is

CT number accuracy acceptable, and £10 HU at peripheral locations

Noise The standard deviation (SD) for noise is less than +6 HU (x0.3%).

Field uniformit The maximum standard deviation (SD) between the center ROI (A) and any peripheral
. rorinity ROI (B, C, and D) are less than 5 HU

Expect results to demonstrate complete set of bars or holes in some rows in the range of

Spatial resolution 10 mm

The basic of this test is that the number of object visualized on the phantom image is
Contrast resolution determined. The smallest holes that should be visualized is 6.4 mm in diameter or
smaller for 5% contrast objects

Data give the Korean Institute for Accreditation of Medical Imaging (KIAMI: www.ikiami.or.kr/).
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Fig. 2. Results values of quartile for the tube current (mAs).

3'dquartile (f=0.75, 350 mAs) was the reference value to

changes the new CT scan parameters.

Table 2. Results of the analysis for to the CT scan parameters in clinically acquired the brain routine CT image.

CT Scan Parameter

CT Dose Index

Value Quartile Tube Tube Slice

Scan

Voltage Current Thickness Pitch S(l;g;/ time (gilélbjfl (mg;};m)
(kVp) (mAs) (mm) (sec)

Limit (a3 120 250 3.0 1:1 16.0 1.0 36.0 138.4
Median Q- 120 300 5.0 1:1 16.0 1.0 48.1 185.0
Reference Qs 120 350 5.0 1:1 20.0 2.0 56.9 218.6
Maximum Q4 120 450 5.0 1:1 20.0 2.0 59.4 228.4
Minium - 180 3.0 20.0 1.0 30.5 117.3
Average 314.7 4.67 17.3 1.43 46.2 177.5
SD - 71 0.66 9.7 0.53 12.1 46.5

SFOV: scan field of view, SD: standard deviation.
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Table 3. Measurement conditions to propose the new CT

scan parameter by using AAPM CT performance phantom.

CT Scan Parameter Adjustable Change Step

Changes the condition
Tube voltage setting (kVp)

Tube current and step size 80, 100, and 120

250 to 450 (10 mAs step)

(mAs)

Do not change the condition
Slice thickness (mm) 5
Pitch 1:1
Scan field of view (cm) 20
Scan time (sec) 1.0
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Table 4. Correlation analysis according to image analysis of
tube voltage and tube current.

Parameter PG \P128¢  Fogression R
80 y=0.019x-0.219  0.843
Cgcljﬁrlgg? 100 y=0.022x-0.045  0.943
120 y=0.030x-0.222  0.951
80 y=0.128x+6.514  0.964
Noise 100 y=0.074x+4.274 0.967
120 ¥ =0.083x+2.99 0.875
80 y=0.024x+0.414  0.796
Uniformity 100 y = 0.009x+0.442 0.670
120 y=0.006x+0.428  0.404
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Fig. 3. Evaluated results of phantom images to the CT
number accuracy (a), noise (b), and field uniformity (c)
according to changed the CT scan parameter. These results
were measured repeatedly for 10 times for each of the CT
scan parameters.
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Table 5. Comparison results for the variation that the original and new CT scan protocols to the exposure conditions and

the CT dose index.
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120 kVpE ¥35}A7]aL BARFE 250 mAsof|lA] 450 mAs 7+

o Z}zF 1.00 mm @<l £t

6.4 mme3l THE AHE 5= Qlglon s RE=
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Compared the Variation

Quartile Value Ttem Exposure Conditions CT Dose Index

Tube Voltage Tube Current CTDI, DLP

(kVp) (mAs) (mGy) (mGy-cm)
Original 120 250 43.32 166
1%t quartile (1) Limit % Changed' -16.7 20 -24.19 -24.7
New 100 300 32.84 125
Original 120 300 51.98 199
2" quartile (Qy) Median % Changed -16.7 0 -36.82 -37.2
New 100 300 32.84 125
Original 120 350 53.89 207
3" quartile (@;) Reference % Changed -16.7 -14.3 -39.06 -39.6
New 100 300 32.84 125
Original 120 450 69.74 166
4™ quartile (@, Maximum % Changed -16.7 -33.3 -52.91 -53.4
New 100 300 32.84 125

Wariation ratio refers to the amount of change the original CT scan parameters to the new CT scan parameters.
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Fig. 4. Comparison results for the variation that the original
and new CT scan protocols to the exposure conditions and
the CT dose index.
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