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ABSTRACT

The number of CT scans is increasing every year due to the improvement of the medical standards of the
public, and thus the annual dose of medical radiation is also increasing. In this study, we evaluated the effective
dose of the human body exposed to CT scans and estimated LAR. First, five region were selected from the CT
diagnostic reference level guideline, and the effective dose of human body exposed to each examination was
evaluated by clinical CT device. Second, the human organs and effective dose were calculated using the
ALARA-CT program under the same conditions. Third, lifetime attributable risk (LAR) estimated by the effective
dose exposed through the previous CT scan was estimated. As a result, the most effective dose was 21.18 mSv
during the abdomen 4 phase scan, and the dose level was below DRL for all other tests except for the abdominal
examination. As a result of evaluating effective dose using a dose calculation program under the same conditions,
the results showed about 1.1 to 1.9 times higher results for each examination. In the case of organ dose, the
closer the organ to the scan site, the higher the scattering ray. The lifetime attributable risk to CT radiation dose
in adults was gradually decreased with age, and the results were somewhat different according to gender.
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Table 1. Scan parameters for each examinations using
brilliance iCT

Scan Parameters

Effective

Scan

Examinations kVp (ac%lllAsie d tch Thl(cmkmr;ess IZI(n)m\)/ length

AEC) (mm)

Brain(NCE) 120 236 0.203 0.8 230 33.6

Neck 120 52 0.579 2.0 220 503.3

Thorax 120 46 0.828 3.0 350 315

Abdomen & 155 559 1015 30 350 492
Pelvis
Abdomen

4 Phase 120 224 1.015 3.0 350 507
(portal)

NCE : Non contrast enhance
AEC : Auto Exposure control

CT HAF Al Adlell gk d=37Fs sl HA
A= AA &7 M (anthropomorphic phantom)S ©]
gatalon, 7 HAPE e wel 270E A AS
ot CT AAF § ZA W A BRuXE S
DLP %2 53 & Eq. ()& o] &3te] CT A}

170



PISSN : 1976-0620, eISSN : 2384-0633
"J. Korean Soc. Radiol., Vol. 14, No. 2, April 2020"

FRAES et Eq. (1)
o fa A% A WEQIAE= ICRP 102 Haro) A

Table 2. Conversion factors of effective dose calculation
for each CT examinations according to recommendation
102 of ICRP

Body part

Head &
Neck

Abdomen

Age & Pelvis Torso

Head Neck Chest

0 0.013 0.011 0.017  0.039 0.049  0.044
0.0085 0.0067 0.012  0.026 0.030  0.028

5 0.0057 0.0040  0.011 0.018 0.020  0.019
10 0.0042 0.0032 0.0079  0.013 0.015 0.014
Adult 0.0031 0.0021 0.0059 0.014 0.015 0.015

Effective dose (mSv) = DLP x K €))

DLP(dose length product) : mGy - cm

K(dose conversion factor) : mSv - mGy'-cm
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Fig. 1. Evaluation of effective dose and organ dose
using ALARA-CT program.
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LAR = & @AE &

Table 3 Lifetime attributable risk of cancer incidence
presented in the BEIR VII report
Age at Exposure (years)
Cancer site 20 30 40 50 60 70 80
Male
All solid 2326 1667 1325 1076 881 602 564
Leukemia 237 149 120 105 96 84 84
All cancers 2563 1816 1445 1182 977 686 648
Female
All solid 109 79 78 74 64 47 24
Leukemia 323 207 181 148 109 68 30
All cancers 1646 1065 886 740 586 409 214

I, RESULT

1. CT AAL 98 QA Fadz
CT #9118 A Al =
Hrbetazh, 3 HAZ A

=
Fs ﬁ7}6¥ A, 7 éA} < HMED) HA
Al 1.33 mSv, & AL A
1.76 mSv, 53 ZAF A] 9.22 mSvﬂ fradds
b vepdidlon, BX A7l AAR Al 2117
mSv °® FAAL T 7MY 52 FEAAES UEUWA
t}.

TOHAR, 9o Tdd 7o R
ALARA-CT X 219§ ©o]83}o], ICRP Pub. 609]
A8t ATE 3l FEATS Hrisk A9, o
(M1x9) AAF Al 145 mSv, & AL Al 1.36 mSv,
F5 AR Al 1.95 mSv, H5 AL Al 13.11 mSy,

- A 7] AAF Al 23.97 mSvo® sk
Holl B3] oF 1.1 ~ 1.98] oA ¥ FaAxzk
A& Bt} T3 ICRP Pub. 1039 A 3}5A S
& Sl radEs H@rie 23, Wl

Zz
Al 3.47 mSv, & ZHAF A] 1.56 mSv, &% AAF A

o
A&

(Cancer site)/10% x CT FHA} Al =29 fFads

(mSv)/100 mSv ©)

2.28 mSv, Z5 AAL A 11.74 mSv, B3 t}FA]7)
AAF Al 2459 mSveE AAPEHE °F 12 ~ 264

o) EE FAAY FAE B

CT A PE @3 ag 7hol =gl ol A A A5}
+ DRLZ} Hlwgh Az A=t s 53 &
axge] A4S, 55 HAAF Al 303% AE O &
AFFES BP0, o5 At ymx] A
& DRL WHH] H 2 269% ~ HW 93.4% F=0°

= FJ7FE AT o]el whal] MEAL RS o]
& Ho] 79, ICRP Pub. 60 4-& A] Fig.2.a%}
ol HE Al A 85.2%, HF thFAl7] AL
A 58% A% U w2 MRS YERAoH, oF

A 2)sk AAtol A= DRL WiH] HA 469 ~ Hd
61.7% Two 2 BJ7Fe At HE3H ICRP Pub. 103
& Al Fig2.bot o] = HALl A 63.2%, 545 4
Abell A 62.6%, S5 Ths Al 7] AARIA] 6.4% O =

2 HAFES BHelow, 11 9 A A= DRL EHH]
A2 529% ~ AW 692% FFo2 HrhE, 4
FEA Y v Aol AE YERATH

30+ (a)

FZ7DLP - K
EZ4aLaracT
(ICRP Pub. 60)

AT

_

Abdomen &  Abdomen
Pelvis 4 Phase

(N E) eck Tho
(a) ALALA-CT (ICRP Pub. 60)
30 (b)

25

12

e ;.
o ek %% 5
Brain (NCE) Neck Thorax Abdomen &  Abdomen
el 4 Phase

(b) ALALA-CT (ICRP Pub. 103)

Fig. 2. Evaluation of effective dose by CT
examination part.

172



PISSN : 1976-0620, eISSN : 2384-0633
"J. Korean Soc. Radiol., Vol. 14, No. 2, April 2020"

Arbsts A dAAo® o) oo & A
¥ ALARA-CT ZZ1& o] &3to] CT AAF &
AEE =FHe A F8 AUARS Hrtet
A} 3131 2.1, ICRP Pub. 60, 103914 A|A]sl= Z=
stsATE agste] A7) e] dis] vl &

shlnt.

2 K

Table 4. Organ dose distribution of human body according to CT examination part using ALARA-CT program

Organ effective dose distribution (Unit : mSv)
CT examinations Lung Breast Stomach Colon mP;(r)rrz)ew Gonads Thyroid Brain

ICRP Pub. 60 Wt
Brain(NCE) 0.08 0.01 0.01 0.00 0.64 0.00 0.19 2.30
Neck 0.29 0.01 0.01 0.00 0.18 0.00 0.61 0.30
Thorax 0.45 0.19 0.38 0.06 0.14 0.00 0.31 0.01
Abdomen & Pelvis 0.93 0.71 1.78 2.10 0.81 437 0.02 0.00
Abdomen 4 Phase 2.35 1.79 4.43 4.94 1.43 4.29 0.05 0.00

ICRP Pub. 103 Wt
Brain(NCE) 0.08 0.02 0.01 0.00 0.64 0.00 0.15 0.92
Neck 0.29 0.02 0.00 0.00 0.18 0.00 0.49 0.06
Thorax 0.45 0.44 0.00 0.06 0.14 0.00 0.25 0.00
Abdomen & Pelvis 0.93 1.71 0.78 2.10 0.81 1.75 0.01 0.00
Abdomen 4 Phase 2.35 4.29 4.43 4.94 1.43 1.71 0.04 0.00
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Abdomen 4 phase

bdomen 4 phase

150 150 o

14
3
100 100
504 50
04 -
20 30 40 50 60 70 80 20 30 40 50 60 70 80
Age at exposure (years) Age at exposure (years)
Fig. 3. Lifetime attributable risk for all solids by gender and age group by CT scan
400 < (a) All cancers - male 400 ~ (b) All cancers - female
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100 1004
0 Z = 04 E
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Fig. 4. Lifetime attributable risk for all cancers by gender and age group by CT scan

100 = (a) Leukemia - male 100 = (b) Leukemia - female
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== Thorax 80
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Abdomen 4 phase

80

LAR
LAR

40 40 4

20 4

20 30 40 50 60 70 80 20 30 10 50 60 70 80
Age at exposure (years) Age at exposure (years)

Fig. 5. Lifetime attributable risk for leukemia by gender and age group by CT scan

174



PISSN : 1976-0620, eISSN : 2384-0633
"J. Korean Soc. Radiol., Vol. 14, No. 2, April 2020"

IV, DISCUSSION
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V., CONCLUSION
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