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A Study on Dose Reduction Method according to Slice Thickness Change using
Automatic Exposure Controller and Manual Exposure in Intervention

Jun-Ho Hwang"?-Ku-Min Jung"-Ji-An Choi"-Hyun-Soo Kim?-Kyung-Bae Lee"

Y Department of Radiology, Kyvunghee University Hospital
2 Dept. of Medical Physics, Graduate School of Bio—Medical Science, Korea University
Y Department of Radiological Technology, Shingu University

Abstract We aims to perform comparative analysis on the dose area and image qualities varying on the slice thickness
when using Automatic Exposure Controller (AEC) and manual exposure; thus, it wants to suggest a measure to reduce
exposure dose by setting the optimal examination condition for each slice thickness. The method was to set the thickness
as Thin, Normal, and Heavy adult and evaluate the dose area, spatial resolution, low contrast resolution, Signal to Noise
Ratio (SNR) and Contrast to Noise Ratio (CNR) according to each slice thickness by using the AEC and the manual ex-
posure controller, The dose area according to each slice thickness all increased both when using the AEC and the man-
ual exposure. However, the manual exposure showed lower dose area product than the AEC, Spatial resolutions and low
contrast resolutions were all observed to be higher than the evaluation standard, Also, the SNR and CNR of each thick-
ness all increased when using the AEC. When using the manual exposure, SNR and CNR increased in all cases other
than the Heavy Adult, Consequently, the Thin and Normal Adult showed dose reduction about 2 times when using the
manual exposure controller, while ensuring the image quality, Heavy adult was able to maintain good image quality by
using AEC,
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Field Sizet 48 X 48 cm, SID (Source Image Distance)
L 100 cm o2 113}t Table 1),
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(a) Thin adult

Table 1 Examination condition

(b) Normal adult
Fig. 1 NEMA Phantom’s diagonal arrangement between tube and detector

L Sl G A

"

(¢) Heavy adult

Tube

Field Size SID
Examination size Mode  voltage Exposure o) o)
(KVP)
Thin adult
(Slice number 4-2-1-3)
. Normal adult Spot 80 Automatic exposure and 48 X 48 100
(Slice number 5-5-4-2-1-3-5-6) manual exposure
Heavy adult
(Slice number 7-7-5-5-4-1-2-3-5-6-7-7)
2) F7 8 B2 BolsT A gxE Bels 2% SheE EETAL 92 ool Al 4 M4 @)

ABCS} 55058 o]gsto] w4

¥ L P B B e ] el WJ—S— DICOM  (Digital
Imaging and Communications in Medicine) o],
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Aol gt 415 tf] #-2-H](Signal to Noise Ratio; SNR)E}
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AZHE B7sl7] Qs AAAE e W DY (Region of
Interest; ROI)S 25, 100 mg/cc= 0.7 X 0.6cm 2 50,
200 mg/cei= 0.6 X 0.7 cif ©.& Z}zF AAs g om, i

9264 um, 259}
100 mg/cc?] pixel number= 26 X 23, 503} 200 mg/cc
9] pixel number+= 23 X 26°|AtHFig. 2].
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meanvalue of ROl 41 (1)

SNR = SDof BG -

*mean value of ROI : TP AS7E Hot
#*SD of BG : ¥IzkeE EFEHA}

(BGSI,, — ROISL,, )

avg avg |

SDof BG

CNR = | Al (2)

*BG Slavg - U8
*ROI Slavg © TIPS A7 E H
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2= o] #2H]= SPSS 18.0 (Statistical Package for the
Social Science, USA) 54 T2 1M O 2 paired t—testS
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A0 o, 1 Eelleat A =
22 1.6(+0.01) lp/mm, 97.8(£21.8)
212 1.70(+0.02) 1p/mm, 100(14.4)

@ Au} ABCE np2
Balso] BHEET

mg/cco|tt B

ox

(d)
Fig. 2 Analyze the low contrast resolution's SNR and CNR of (a) 25, (b) 50, (c¢) 100, (d) 200 mg/cc

mg/cc, HYF AJQ1L 1.72(£0.02) 1p/mm, 85(£5.59) mg/cc
o] it

FerES vk AU o, ¥ Seleat A iR E Folks
O] HHFEZHUAP-Z 1.7(£0,01) 1p/mm, 97,8(+9.99) mg/ce
o9t HE Aole 1.71(+0.02) lp/mm, 127.5(+24.2)
mg/cc, H|TF A421L- 0.8(+0.01) 1p/mm, 192,9(+66.1) mg/cc
2 Uephgti(Table 3), [Fig. 3.

3.7 & M= of YSH|t tHxE of ZZH[e| It

ARCS} 425128 0]8510] S/ W 303] 248k SNRu}
CNR| BHIEEHA & AECY| 3¢, WhE 42l 25, 50,
100, 200 mg/cc7} ZHz} 25 44(+3.31)7} 22,16(%4.01),
95.41(+2.03) 3} 23.17(+1.83), 26.97(+3.54)2} 25.26(£2.01),
24.58(+3.27)1} 24.44(+4.19)0|ch HE AJQlL 75 41
(4,413} 71.31(£3.94), 73.29(+2.61)3} 73,47(£3.09), 76.77
(£2.84)9} 73.38(£4.93), 73.38(%3.33)3} 74.34(+4.06),
BTk AQle- 78,33(+5,09) 2} 79,87(£3,06), 77.73(+4,43) 3}
76.97(4.41), 79.95(3,05)2} 76,78(£3,51), 80,01(£5.53)
Tt 77.13(£1,49) 0| c}.

SEL-Z0] npE A0l 30.03(+2,08) T} 29.91(+1,87),
33.31(£3,65)2} 30,09(£4. 31), 31.44(%4,06)7} 32,09(+2.98),
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Table 2 Average and standard deviation of dose area product by thickness obtained

using AEC and manual exposure
Condition Dose area product (mGycn)
Examination size Ko A Autormatic exposure Manual exposure
(n =30 (n = 30)
Thin adult 4 478(+3.7) 215(%2,5)
Normal adult 80 40 4160(£45) 2148(+55)
Heavy adult 80 7480(+287) 6783(£73)

Table 3 Average and standard deviation of spatial resolution and low contrast resolution by thickness obtained using AEC and
manual exposure

Ex y | ity Examination size
posure type mage quali )
9 Thin adult Normal adult Heavy adult
Spatial resolution*
patiat resoltion 1.6(:0,01) 1.70(20.02) 1.72(+0.02)
Automatic exposure (Ip/mm)
(n = 30) Low contrast resolution*
OW contrast resolution 978(i2]8) 100(i144) SS(JLSSQ)
(mg/cc)
Spatial resolution*
1.7(+0.01) 1.71(£0.02) 0.8(+0.01)
Manual exposure (Ip/mm)
(n = 30)

Low contrast resolution*

(mg/cc) 97.8(29.99) 127.5(124.2)

* Over spatial resolution 0.8 Ip/mm and at least low contrast resolution 200 mg/cc
(Only in case of flat panel detector, field size over 45 cm)

192.9(£66.1)

(d

(e) ®

Fig. 3 Image evaluation of spatial resolution, low contrast resolution — Automatic (a) Thin adult, (b) Normal adult, (c) Heavy adult
and Manual (d) Thin adult () Normal adult (f) Heavy adult
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Table 4 Evaluation of SNR and CNR of low contrast resolution

Low contrast resolution (mg/cc)

Exposure Exammahon o5 50 100 500
type Size ; P . . . . . .
SNR CNR SNR CNR SNR CNR SNR CNR
, 25,44 22.16 25.41 23.17 26,97 25.26 24,58 24.44
Thin adult
(#3.31) (+4.01) (£2.03) (*1.83) (£3.54) (#2.01) (#3.27) (#4.19)
Automatic
woosure Normal adlt 75.41 71.31 73.29 73.47 76.77 73.38 73.38 74.34
(np - 30) (+4.41) (#3.94) (£2.01) (#3.09) (#2.84) (#4.93) (£3.33) (+4.00)
Heavy adult 78.33 79.87 77.73 76.97 79.95 76,78 80.01 77.13
W (#5.09) (£3.06) (+4.43) (*4.41) (#3.05) (#3.51) (#5.53) (#1.49)
. 30.03 29.91 33.31 30.09 31,44 32.09 29.87 29.81
Thin adult _
(#2.08) (#+1.87) (£3.65) (*4.31) (+4.00) (#2.98) (£3.42) (#4.01)
Mdnfl“l Normmal sl 80.37 83.22 81,18 82,29 80,11 82,29 79.38 82.01
sy R i sy @3 (k09 (329 (389 (333 (#2)
Heavy adult >3.78 50.09 55.42 51.23 51.11 53.21 49.89 52.19
W (#5.54) (#3.48) (*4.41) (£3.09) (#2.97) (£3.09) (#4.59) (4.09)

* p€0.05 (Except for Heavy adult of manual exposure)

29.87(+3,42)9} 29 81(+4.01) 0|t HE AJQ1S- 80,37(+4.12)
9} 83.22(+3.08), 81,18(F3.22)2} 82.29(+4.09), 80.11(+3.28)
T} 82.29(£3.86), 79.38(13,33)3} 82.01(+4.21), H]TF Al
53.78(15,54)9} 50,09(13,48), 55.42(+4. 41)1} 51,23(%3.09),
51.11(+2.97) 3} 53.21(£3.09), 49.89(+4.59)9} 52.19(F+4.09)
o]t 3 7t 2] SNRYF CNR =5 e=0] HITF Qs
ALlskal p<0.052 -2k 2to]7t AT Table 4).
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