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Radiation Doses of Dual-Energy CT for Abdominopelvic CT:

Comparison with Single-Energy CT
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Young Seo Cho, MD, Woo Kyoung Jeong, MD, Yongsoo Kim, MD, Jeong Nam Heo, MD

Department of Radiology, Hanyang University Guri Hospital, Hanyang University College of Medicine, Guri, Korea

Purpose: To compare radiation doses of dual-energy CT (DECT) to single-energy CT
(SECT) by a phantom experiment, with the application of mean tube currents for

abdomino-pelvic CT.

Materials and Methods: This study includes patients who were examined by con-
trast-enhanced CT for kidney evaluation. We divided the patients into six groups ac-

Index terms
Dual-Energy CT
Radiation Dose
Weighted CT Dose Index
Body Mass Index

cording to sex and body mass index. Each group consisted of five patients and a to-
tal of 30 patients were evaluated. We split the body parts (abdomen and pelvis), and
calculated the mean tube current of each group as well as investigated the image
noise. Applying the mean mAs from a CT scan, we measured the weighted CT dose
index (CTDIw) of DECT and SECT. We compared the measured CTDIw to an estimat-
ed CTDI value displayed on the CT console. We also compared the radiation dose ra-
tio of DECT to SECT (D/S ratio) for each subgroup. The radiation doses were com-

pared by the student's t-test and analysis of variance.

Results: The difference of image noise between DECT and SECT was not statistically
significant. Radiation dose of DECT was higher than SECT by about 21.6% (10.69
mGy, 8.79 mGy; p < 0.0001), and the measured CTDI of the DECT was significantly
higher than the estimated CTDI by about 6% (p < 0.001). The D/S ratio was not sig-

nificant between the six groups.
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Conclusion: The measured CTDIw of abdominopelvic DECT studies were significant-

ly higher than those of SECT.
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oA, B A0 242 CT A4 (CT dose index: ©]
oF CTDI) WelE o8-5to] B8 -—Z8k CT HARS] oF: ofuA]|
7193t T o U] 719 9] BrAMRES S, Blwshal, CT &
G771 Ao A AlAbE]o] LER= of| = hAb =L Zjol7} Ql=
| GOpE TR} ok

2 A AYH A=, YR tolElE vl A CT HA
Yok TApY] AtmE SFH R At A 2
70l tistA =2l

Subject for Investigation of Mean Tube Current

CT A&z MEE o83t CT A7idol 2-8sk7] $fstod,
FRFSO] CT HAPIA B THF (mean tube current) 2 A
sttt ol ZeHe k= 20094 9EHE 2010 11 At
o] g, 42 55 52 SAHC= 92 A 9 9= 7Y
L2 7|et Q24 Ago] QR0 AR ZHEE7RS]
= 2Y5H A ok ouA] CTF 29574 & ©Y o]
CTE Al F9-E oo = siglch. CT A3Hof A18-5= *F
BORE T 2 AlElo] 2] Ayt s Tz,
At A 21=E 24 (body mass index: ©I5F BMI)ZS 125}
ARSI, ARG A= AARH7HH(WHO) =70l ek
Al 718 TEe = ERoigith =, A BMI 152 18.5 ke/m?
ook 35 BMI 52 18.5 kg/m? W} 25 ke/m? v|gk, A7
BMI 752 25 kg/m?OW0 2 Si3irt, wheha] Ayt BMI 1
e 2T 671 AT FEO R LRI, Z1ZF 5] FRE =
AtV eoll sZAIZIH, e R A BRER S (ili-
ac crest) o] S AN S 710w B8 AL S0 A0 ®
LRo] ARSI, CT 27U =RE AdE CT 942 di-
com o] £R1E]o] PACS AlAEl(Piview version 5. 0. 9. 80,
Infinitt, Seoul, Korea) SHHQ| X= sicto] LERLE= W4T 4
HE UE ARSI g Foioitt 1 ohg, ZF 2050 &
ot 5152] Bt WHARE THA| Bk Ho] 't = SiGi. ©]
213k 2142 o5 oflufx] CTO) 80 kV A7 140 kV A7HOJIA,
J2ja1 el ofuz] CT9J 120 kV 27004 ZH2E AlYaiodct,

CT Protocols

HE CT HAR= o5 A9 CT (Somatom Definition, Sie-
mens Medical Solutions, Forchheim, Germany)S ©]-8-5}10]
AJRYEIQIEE, 71E0] ©d oJUA|] CT A1 Tl XA Ay~
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URS ofgata ALt 120 kVp, WHFE Ay =E XM L
2 IH(CareDose 4D, Siemens Medical Solutions, Forch-
heim, Germany)Stoll ZEARR] Aol ulet 7FHA o 2 A5}
Al steiet. o] o AREH G E A13Q1 AR F-(Quali-
ty reference mAs)~= 210 mAs= St} O1F Ouz] CT &
e T XA BAVIE AR S AAMRS R 140
kVp, BAITRS 7H:19F 80 kVp& St ©d ofjux| CT<} of
AR AE kE 2 T2 TS 2851500 AddEe] A
Al WHAF= 80 mAs= ARSI, AsAlor BATe]
A3 WhF= 440 mAsE A-EEQL, & gAY B 4
E7] 24 14 X 1.2 mm, matrix-= 512 x 512, 3] A|7RS
0.5%2] TR EZZ o85Gt o, 2|X|(pitch) 2] ¢ A==
ARe] AR T o %] CT+= 0.8, °f5 °UA| CT+= 0.6
o] ZREZZ ARESIGILH T8y B8R Ad Ad
(smooth reconstruction kernel, B30F)-2 ©}&5t 5 mm<2]
270 AR 270 A 0] G2 S ol oy
CT Y= & 3719 Yoz AJ=SL=E, 80 kV G4
Tt 140 kV G4, 22]a7 80 kVeF 140 kV G4 HIolEE 3 -
79] "lg=2 A1g Z9H(linear blending)st] 120 kV FArC
CT A5} vls=otA 3t 71 FAF(weighted blended image)
2 Aot} "ol CT 2%A|(Iohexol, Bonorex 350, 755
mg iodine/mL, Central Medical Solution, Seoul, Korea)+«= du-
al-head =8 FAF1(power injector, Stellant, Medrad, Indi-
anola, PA, USA)E ol8olo], 2 F 3 mL= FotFom,
FGA] G2 AR AlFol wet ke 2 mL, A 80 mL
oA o 160 mLe] YoM FTFS Aok IdF 29
S CT AAks Yl 9 - 29574 A, ZAEA7(cortico-
medullary phase), A1Z%7](nephrographic phase), B&7]
(excretory phase) — = OJFoFH, 29574 4 CT= °F% ol
UA| CT 792 ol8-st3iaL, Bl |4 Aol Q4] == 2HA}o
tioto] 9= dAute] ZHFHE 25 Ao sHH7A| e
SHle}. AR A7H2 Gofg] 4 (bolus tracking) B
HS olgol, AR thsuo] CT ©7F 100 Hounsfield

unit (HU)OI| O 2 & 8% 90 A7 AJRfoke s A5t

A7 = AP Eotohs AdERE ARl Alxg7]
O] AZHL AAEKAT] ATS AIRRRIA] 302 o Ao,
2G5 A CTeE et 270 H9IE A5ty vz
AL PALAT]0] A7 AJRFREA] 1202 9ol Aldstel
0, = AlRFo] Alctol| Al gago] R 7] a2glsteit

Background Noise
ol oflix] T} e ofluix| CT FAke] g vlwa}r| 9
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Stod, ZF A7 YARE= S5t ol oluAl CTY
80 kVpet 140 kVp £A7H0] 75 T G4 Uil Y
(region of interest: ©JoF ROI< lﬁq ROI= 29O
AT (umbilical segment)©ll 2F 200 mm? =72 7150
o, 22 AUS SECT A7H0] 22 IR0l = A5Gt CT
A7H9] background noiseZbS ROI W2l CT Hounsfield
unit®] FEFEAR S ROI W s S48 Al 21
SEEE o, F kS oISt
Measurement of CT Dose Index

CT A7 TREZO 3ix} AL} EQste 2 MAsigoLt,
CT AR5 vlalok= Z10] 20|92 spiral mode THAI se-
quence model] A7HE- SFFT AFE LeF XA 3 E TS Af
S5 L SAtREE Ak RS A A5t A
Z}7} 33] 9k AJYSHACE, CT A7H0IA Q] WARA L& 2%t
A AR AREAQI CT Al 574 S wWith(11-15).

CT 27iH2] ZEA} Elols $fol 32 em A7 2] E2|ul Hef=
220 E (polymethyl methacrylate; PMMA) A% THE(76-415,

Fluke Biomedical, Everett, WA, USA)-2 =1 ZHEZ](cantry) 2]
FAEo] YRIAHLE 10 cm Z019) CT oF&w(Victoreen
Models 6,000-100, Fluke Biomedical, Everett, WA, USA)E
A=A (Victoreen 8,000 Nero mAx, Fluke Biomedical,
Everett, WA, USA )0l 3 o2 g0 FAR-of e Sy
of Hzol YRAXT &, F4F AT o1 SRt T
CTDlwo (100 mm §9I2] CT AR |)2 =46kl T2 Ao
T} 715 CT AR5 (weighted CTDI)Z AXFSIACE

100 X value measured with dosimetry
CTDlio =

beam collimation

(number of slice X thickness of slice)

weighted CTDI (CTDIw) = 1/3 X center CTDI + 2/3 X
peripheral CTDI

ESHCT 271U AP 2] 2 T1780] ofst Alibelof CT Al

Table 1. Body Mass Indexes of Each Subgroups

R

& AEo| FAEh= 24 CT A4 (estimated CTDDE 2+
Z} 2AFSI] 2% 24 715 CT 4 %kxl_,_g} Y| WSk} Gf
Ft, T2 25502 Aol BMI 45, B9 Z8F A&
N 59 2JF Q1= O]?)“ oyA] CTL2t DPO‘ oU=] CTE
u|=5 Zpolo] S F=Al Lorr] Qi Aler T oy
A CT2] YA Aol 6& [ ofluIA] CTO] YA M7go]
v] (o5} D/S ratio)= T8

measured CTDIw of DECT
measured CTDIw of SECT

D/S ratio =

Statistical Methods

Ol oA CTLF HY ofluA] CTY G, S 715
CT ARt 24 7H5 CT AGA4E vlash] $sh,
paired (—testE AFESIITE 2| AHTE BMIOf| THE ZF A
J501X9] D/S ratios Bw5E] 2151 independent t-test
@} analysis of variance (ANOVA) test= AR-SIALE E7|2]
Qg2 pgk 0.05 TPk 2 Shgict,

2

Patients Information and Mean Tube Current of
Subgroups

A TAFEC] T A2 55.341(28~78A) ST, G4
2 s 50.3A1(28~78A1), 0:1*3_ i 60.2A41(41~T1IAD
T}, A ZAFC] s+ BMI= 22.3 ke/m%(15~30 ke/m?) 2L,
0] BMI= Bt 22.2 kg/m?(17~28 kg/m?), -2 22.4
ke/m?(15~30 kg/m?) = LERT), ZF AT7F50] &9k 2]
BMI+= Table 13 ZH(Table 1). 2t 27158 B WdFR=
Table 22+ 7t

Background Noise

o5 ofluiR] CT 2709 noise= 5.84 + 0.90 HUFS
o oHZ] CT A70°] 6.00 + 0.96 HUZE}. Noiseth-2
A ofUA] CT AFHOMA] i =Qko L, A4 0= [0k 2|

Sex Male (n = 15) Female (n = 15)
Subgroup Low (n=5) Intermediate (n =5) High (n = 5) Low (n=5) Intermediate (n =5) High (n = 5)
BMI (kg/mz) 17.7 (17-18) 22.6(21-24) 26.4 (25.4-28) 16.6 (15-18) 229 (22-24.9) 27.6 (26-30)
22.2 (17-28) 22.4(15-30)
22.3 (15-30)
Note.—BMI = body mass index
submit.radiology.or.kr  CHPIFLISISIX] 2011;65(5):505-512 507
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Table 2. Mean Tube Current of 6 Subgroups in DECT and SECT Scans

Subgroups Mean Tube Current (mAs)
BMI Low (n = 10) Intermediate (n = 10) High (n = 10)
Sex Male (n = 5) Female (n = 5) Male (n = 5) Female (n = 5) Male (n = 5) Female (n = 5)
Location Abd Pel Abd Pel Abd Pel Abd Pel Abd Pel Abd Pel
DECT 140 kVp 40 47 35 45 48 53 44 52 55 59 57 64
80 kVp 220 294 189 293 268 320 262 324 315 335 31 338
SECT 120 kVp 104 124 92 19 123 144 16 138 141 161 152 175
Note.—Abd = abdomen, BMI = body mass index, DECT = dual energy CT scan, Pel = pelvis, SECT = single energy CT scan
Table 3. Measured Weighted CT Dose Indexes (CTDIw) in Subgroups
Subgroups DE C,II\_A easured CTDIw (mGyS)E O p-value D/S Ratio
Sex Male 10.81 £ 1.65 891+ 1.89 < 0.0001 1.22
Female 10.57 £ 2.02 8.66 + 1.91 < 0.0001 1.23
BMI Low 9.04 £ 094 7.22£092 < 0.0001 1.25
Intermediate 10.61 £ 0.85 8.85+1.29 < 0.0001 1.21
High 1243 +0.98 10.29 £ 097 < 0.0001 1.21
Body part (Abdomen) Male 1026 + 1.23 8.18 £ 1.06 <0.0001 1.25
Female 9.58 + 1.69 7.85+1.88 < 0.0001 1.23
Total 992+ 147 8.02 £ 1.49 < 0.0001 1.24
Body part (Pelvis) Male 1136+ 1.15 9.64 + 1.30 0.0002 1.18
Female 11.56 + 1.89 9.48 + 1.65 < 0.0001 1.22
Total 11.46 £ 1.52 9.56 + 1.44 < 0.0001 1.20
Total 10.69 = 1.67 8.79 £ 1.65 < 0.0001 1.22

Note.—BMI = body mass index, DECT = dual energy CT scan, D/S Ratio = Ratio of the dose of dual-energy CT scan to that of single-energy CT scan, SECT =

single energy CT scan

OlF HOJR| 2UTHp = 0.110).

Measured CT Dose Indexes of Subgroups

oFF ofUA] CT AZloflx] ME Ago= 24H WE Tt
O] Ft 715 CT AFRe= 10.69 + 1.67 mGy¥om, ol
oLiR] CT AFHOA= 8.79 + 1.65 mGyE ZA=[Qict ol
OlUA] CT AZHOIA T oUA] CT A7t vlasho] oF
21.6%71% =ko0, o= SAHC R {3k AJolg H Tt
(p < 0.001). gE3t BMI, AAE-j0] T2 E7olA k. ofF
oAz CT 7oA S 7hs CT AgAle= ©Y U
CT 27Hojx 245 715 CT A=GAIRET -ofokA =2 3t
< HOtH(Table 3). @404l ©F ouA] CT A7H0] S4H
Bt 7 CT APASE 10.81 £ 1.65 mGy =2 @ oy
CTO| FH+ 715 CT AZRIS 8.91 + 1.89 mGyErt &2
H(p < 0.001), VoM oFF AHA| CT A7He] - 715
CT AR5 10.57 + 2.02 mGy= © ofuiz] CT A7
o] Ft 75 CT Al=RFAl 8.66 + 1.91 mGy Rt =34thp
< 0.001). B0 0% ofyx] CT A7H] FH 715 CT A
A= 9,92 + 1,47 mGyE W ofux] CT A7H2] B 7}
Z CT A=”AI4 8.02 + 1.49 mGyETH =% (p < 0.001),
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LU= 0]F ofluz] CT A7HoA 11.46 + 1.52 mGy, ©
OLiR] CT A7HoIA 9.56 + 1.44 mGy= #gkdo=z By
Of T2 AR Aol SEQIAL, olF oluiR] CT £7HOjA]
ool =2 ZhS HtHp < 0.001). A BMI 251 55
BMI &, 1 BMI 1E0lA e AEd S84 75 CT Al
YAl= Ol ofluiA] CT AFHofA] 22 9.04 + 0.94 mGy,
10.61 + 0.85 mGy, 12.43 + 0.98 mGy& BMI7} =opzl4
5 B2 YA A BooH, T ofluix] CT £7H0A49
7.22 + 0.92 mGy, 8.85 £ 1.29 mGy, 10.29 + 0.97 mGy
Hr}h R 00|51 E9kthp < 0.001). B5-0] Wy AlGA
S 71 CT AdgAlee A 282 olF oluA CT &
ZHollA 10.26 £ 1.23 mGy, T U] CT A7HolA] 8.18
+ 1.06 mGy&E, o TFolx S olF oldAl CT 271
7} o o] CT A700] 9.58 + 1.69 mGy, 7.85 + 1.88
mGyHEot Mgk o R okt EQt Fukox] 2 T
CT A= @ 2189 o5 oluAl CT 271004 11.36
+ 1.15 mGy, © LIz CT A7H0j14] 9.64 + 1.30 mGy %
2, 94 TFONA olF ouAl CT A7 11.56 + 1.89
mGy, @ U] CT A7H2 9.48 + 1.65 mCy= &4 I&

oA ZA45H =] 24 =JICH Table 3).

LYt S 2I2tIX] 2011;65(5):505-512  submit.radiology.or.kr



Measured versus Estimated CT Dose Indexes

ofF oUX| CT 2710l F =4 715 CT A=
10.69 + 1.67 mGy= CT AHAe] 24 CT A=krl4 10.11
+ 1.64 mGy 2t} oF 5.7%7 1 SAIZ 2 qoJoHA| =3k
(p < 0.001). 'FAOIA 5.8%, AAHOIA 5.7%2] §-0I5+ iPOI
= E‘ﬂﬂ(p < 0.001), BHO] 24= 715 CT AgR|4=

% 715 CT AggRleol Hlol] 7.3%, Z1te] 3¢ 4. 5%

%DP(D < 0.001). =3+ BMIO| T2 AT A E 2H2t A
BMI 5.9%, 5% BMI 5.8%, 1. BMI 5.6%2 H|23F A%
o] JolZ Hth(p < 0.001). @Y U] CT A7H9] F
=4 715 CT AgRe = 8.79 + 1.65 mGy= 374 CT A
FAIG 8.73 + 1.51 mGy 2t -F-2Jet xpolE HOoA] etth(p
< 0.584)(Tuable 4).

D/S Ratio in Subgroups
ST} ol BN W AdA 245 ofF o] CTe}

R

o oUA] CT A7H9] YAMA AM&ke] vl(D/SH))+= 2+t
1.222 + 0.086, 1.230 + 0.0772 F=gt x[o|= Holz] &
UH(p = 0.774)(Table 5). J2jal E5(1.247 + 0.077)2}
SRFE(1.230 £ 0.081) AlClofle BAIK &2 [olgt AjolE
HOJx|] FFot(p = 0.119), A BMI 15(1.256 £ 0.064)
T E5 BMI E(1.209 + 0.092), 22 BMI 25(1.212 +
0.082) 7kl D/SH| E3F B BAIK o R GOoldt Aol |
OJA] Skt

ks,
0]% o] CT ZIALS] QA S-gof thst Ar} Z7tst
© 2ol Bls &b aj=o] wigh A dTideR A2,
2009'3°1 Ho -5-(10)2 g ZF& o1&t A7olA oIF °f
L] CT O] RAMd Aol 7129] T ofluR] CT AR} vl
stof 2~ 38 Al BAarstglnt. Jefut ofefel Aike 9

Table 4. Comparison Between Measured and Estimated CT Dose Indexes (CTDI)

Measured CTDIw (mGy) Estimated CTDIw (mGy) p-value
DECT Sex Male 10.81 + 1.65 1021+ 1.29 <0.001
Female 10.57 £ 2.02 10.00 + 1.96 < 0.001
BMI Low 9.04 £ 0.94 8.53+1.08 0.001
Intermediate 10.61 £ 0.85 10.02 £ 0.82 < 0.001
High 1243 +£098 11.77 £ 0.98 < 0.001
Body part Abdomen 992 £ 147 9.24 £ 144 < 0.001
Pelvis 11.46 £ 1.52 10.96 + 1.38 < 0.001
Total 10.69 + 1.67 10.11 + 1.64 < 0.001
SECT Sex Male 891+ 1.89 882+ 1.17 0.582
Female 8.66 £ 1.91 8.83 £ 1.81 0.787
BMI Low 7.22 £092 7.27 £091 0.723
Intermediate 885+ 1.29 8.63£0.76 0.272
High 10.69 £ 0.97 10.29 £ 0.92 0973
Body part Abdomen 8.02+1.49 798 + 1.31 0.762
Pelvis 9.56  1.44 9.48 £ 1.33 0.606
Total 8.79 + 1.65 8.73 £ 1.51 0.584
Note.—BMI = body mass index, DECT = dual energy CT scan, SECT = single energy CT scan
Table 5. D/S Ratio in Subgroups
Subgroups D/S Ratio p-value
Sex Male 1.222 £ 0.086 0.774
Female 1.230 £ 0.077
Body part Abdomen 1.247 £0.077 0.119
Pelvis 1.230 £ 0.081
BMI Low 1.256 £ 0.064 0.291
Intermediate 1.209 £ 0.092
High 1.212 £ 0.082
Total 1.226 £ 0.081
Note.—BMI = body mass index, D/S Ratio = Ratio of the dose of dual-energy CT scan to that of single-energy CT scan
submit.radiology.or.kr CH3 IS 2letlx] 2011;65(5):505-512 509
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0] Aot Blarsh]of Agto] = W] 82lo] Qi
Ho 5(10)2] A= 7122] @ A v5d=71 CT (single
source multi-detector CT)2] F1o|=F Ft =7F4olr
YEEA1R1 Q) ok 2 o8-t oFF olUR] CTE ARE-St
L, A A A4S IS AFs b 2 22 TS A
|5t et ol AFE = 2 ZRIRS A83t olF
A ol oUA] CT Aol 4-8-517] ot

2] Schenzle -5(16)°] 20104 QUA| 2F-2 o}&at Aol
Al FUS YRS 2 o oflvIR] CTRF T ofluf#] CT
F&Z FAHC T Fofot YA ATl A[olE HolR] &t
thl HUSIEY|, 2 et FUe (140 kVp, 80
kVp)= A&k 1Al ol A olF oluA| CToll tigh A+
Aot tR2 AIhE Hel olf+= AR F-91e] Zpolof = CT
270 TR EZ O] Zjolof ofgt Zio g &2 Aol He- olF: of
LR CTOIA 80 kVp Alke] A WdRg 271H2] 55
& Ol oUA] CT A7 2713421 440 mAs= A7SHIAITE,
Schenzle2] A7-2] 742 80 kVp Alate] AX|#E WWHFRE 340
mAsE A-5IA, EOF T ofuX] CTolAM = AX|#E
5 160 mAsZE A5t 2 A1) 210 mAse} Ao} QI91
o}, wfepa] ofze] A7 Il Bgat TLD HiA|E o856k
HAMIRES 46| AESH AYol=, S5 F9Me] = 4
AR ZE BAMAZE] 2[olE Blash|ofl= Algto] Qletar AZkoh
o}, ojof| dialf 2011 Bauer 5-(17)-2 &5 HA| 1At o5
A1l Ol olUR] CT A0l oS =l= CTDIZR] 71E2] T
A LR CT £33 BlalsH oF 10%71H &ALl WS
C}, o GA| & 2] Ael= vl st | 9IS AL, Ol ofly
A CT AR ZAr] WAMdRo| S7Rtthe 2 G+t2] Hat
oF A ZolRhet, 2 AtollA] oFF oluA] CTLF T ofluiA]
CT 270 2] As AAoke 9 A2k sAlde= &
et AolE Hor| o n g Fifof AL vlssiar o 4 9l
Ot HAR OlF oflufA] CTOllA T ofluf#] CTHE oF
21.6%71 = SH=U 3L Ol oUA| CToA A=
el ghApARo] 2A—gHET 5 1% 71 A SAEQ=t], o=
21710 2 viR|E = Ao 2 HE Aok tE $572] XAl
o] AL AT PO = AT ARG (55|, Aletile] WAl 5) 2]
qIPF o Al ek 9] 2 AEY =] g2
Zlofetal A7, ol BEOi® S AL IF OIS CT ARl
7F AEE CT 2705 hal 7Pgsiefete ©d ofux] CTO
I8l oF 5%7 el YA 5717 F -2, Eok 2 A2
Helof Az HHoubA]gl, LR =2 QIot WAPRL] HokE 1o
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