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ABSTRACT

The purpose of this simulation study was to evaluate the possibility of pancreas detection through effective
atomic number information using dual-energy computed tomography(CT). The effective atomic number of 10
tissue-equivalent materials were estimated through stoichiometric calibration. For stoichiometric calibration, HU
values at low-energy (80 kV) and high-energy (140 kV) for 10 tissue-equivalent materials were used. Based on
this method, the effective atomic number image of the tissue-equivalent material was extracted through an
iterative algorithm. According to the results, the attenuation ratio in accordance with the effective atomic number
was estimated to have an R? value of 0.9999, and the effective atomic number of Pancreas, Water, Liver, Blood,
Spongiosa, and Cortical bone was overall within 1% accuracy compared to the theoretical value. Conventional
pancreatic cancer examination uses a contrast medium, so there is a possibility of potential side effects of the
contrast medium. In order to solve this problem, it is thought that it will be possible to contribute to an accurate
and safe examination by extracting the effective atomic number using dual-energy CT without contrast
enhancement. Based on this study, future research will be conducted on the detection of pancreatic cancer using
the HU value of pancreatic cancer based on clinical images.
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II. MATERIAL AND METHODS

1. Stoichiometric Calibration
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2. Human-equivalent Materials
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Table 1. Effective atomic number, 80, 120, 140 kV HU
information for human-equivalent materials[7].

CT number (HU)

No. Materials ~ Zegr

80 kV 120 kV 140 kV
1 Adipose  6.67 -95.2 -74.5 -70.3
2 Skin 7.63 71.3 74.2 74.8
3 Pancreas  7.70 30.5 32.1 323
4 Water 7.73 0.0 0.0 0.0
5 Muscle 7.85 44.7 42.7 422
6 Liver 7.87 55.5 53.1 52.5
7 Spleen 7.87 57.0 54.4 53.7
8 Blood 7.97 60.4 55.8 54.7
9 Spongiosa 10.74 392.1 282.8 258.2
10 Cortical 398 20829 1496.0 1365.6
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Fig. 1. CT images for (a) 120, (b) 80, and (c) 140
kV, respectively.

III. RESULT
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Fig. 2. Results of Stoichiometric calibration. Top: data
and fitted curve. Bottom: residuals. (R2=0.9999)
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Table 2. Spectral parameters for 80 and 140 kV, respectively

Energy (kV)

Classification -
80 (Low-energy) 140 (High-energy)

ki 0.8958 0.8899

ko -0.0007152 -0.003176
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Fig. 3. Effective atomic number image for 10
tissue-equivalent materials.

Fig. 4&= W A4S 73 58 fFadAds
Ao & window level 7.70, window width¥ 0.76
ol A Holi= gitolt}. 6702l =2 A7 <l Pancreas,
Water, Liver, Blood, Spongiosa, Cortical bone®] 3
AR S 5o we} Vet Fig. 19] HU 9%
I ZE FEdAHS JdAS Pancreas, Liver,
Blood7} 75+ A& geld o+ Aok

(stoichiometric)
WL: 7.70
WW: 0.76

Fig. 4. Effective atomic number image for Pancreas,
Water, Liver, Blood, Spongiosa, and Cortical bone.
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Table 3. Effective atomic number and relative differences
between estimated values and theoretical values.

No. Materials Theoretical ~ Estimated Error(%)
Zefr Zefr
3 Pancreas 7.70 7.67 -0.44
4 Water 7.73 7.73 0.00
6 Liver 7.87 7.83 -0.46
8 Blood 7.97 7.93 -0.56
9 Spongiosa 10.74 10.74 0.03
10 Cortical bone 13.98 13.98 0.00

IV. DISCUSSION
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