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— Doses of Coronary Study in 64 Channel Multi-Detector Computed Tomography :
Reduced Radiation Dose According to Varity of Examnination Protocols —
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5) Prospective ECG gatingS ARE3l sequential scans AJ3YSIlS Wl effective dose= 4.9 mSvE
conventional coronary CTol H|8 72,5%7} ZHA3tom, A7S 33 8 mGy = 67.4%7} 7HA513ict

6) 100kVpe] AF#HAUT} sequential scans Z83)FS Wl effective dose= 3.0 mSvE conventional
coronary CT angiographyol BJ3l 83,2007} ZHa=sllom, APe 17,7 mGy= 82, 9%7} ZHA=st3irt.

%8 H9: ECG gating, cardiac dose modulation, effective dose, organ dose
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1990t ¥HF multi—detector computed tomography
(o]} MDCT)9] &3> AAAIZEY w53t s ids9]
SR TS o83 A = Alseers 53] A
T 9 AR Re| FHE CT, i AEEEARY
At AIPE o =4k AR over-radiation€]
T} o At ] dutslol] ofsf ARl gl T
o] AR 21e MRS HE S7HI7IE 88lo] Ha
ey, B3] 7|9 YukAel coronary CT angiography
(o8} coronary CTA)OA= Ao FFEES 9t &
k& AAHE TZ3Hretrospective ECG gating)?} W&
helical pitch®] A& FY FLE 3~53] YA =
SA7IAL e Aotk HEAer CT ik A4
At WA A&7t o B RS Alsshs o

FAQ AGGAAALE FAHT glont? UN gAY
sk (3] (UNSCEAR) Q] 2000 Halof oJskd CT
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AL A &8 X-A HAR] 5% SFEATE X-
A AA] AA=F(collective dose to population)2)
34%0) STt SlITl’. EE B CT effective
dose= &7 X-Al A 500Hfelw 3.3d F¢F W=
AAup AT Fdsicha st oleldt ZHolA A
ZAPER T Zpoli= AR cardiac CTE MRS B
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Cardiac Z1-8 HE|HO] F7}, beam coverage? &=
&3 axial scan®| A&, Ao SAY 7)o HE X-
A 2o 2d 5ol ol sigEt B3 A AMAE
of 2J3t coronary CTA HAF A] EAfoA| Faje)= A
of WAE Frh W AFHAE 9% dAe 2T 2]
o]FolA Lok, tiFE A AlAte] o5 olm] d7
Z]o] AAE= CT dose indexY dose length producto]
oJ&EstaL S}, olE viEe® Ak SRR AREA

of ofsff Al Sl sl Foixl gho] opzhe v =
SIS skl gt o]l AlghdS BHekstr] 9l
A= Ak &3t effective dose ol CT AAF A] 41
& F9ol &3l= organ doses®] Z74o] HeE|ojof gt
thaL oA I,

ol @FAL 64 Leols CTE olgF ANH
coronary CTA ZREdo|xje] Fapue] Hex B}
o} Mok AS 95 BN HuHoz 27} 48
U= 7 A ZRESS A85Ie B effective
dose?} organ dose®] F 7}A| A5 Z2HoA AR IE
BrAeA S
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1. M=

CT F2l= AED o 3)-ol| Hdf 64 &fo]A F5o]
7Fs3%t CT LightSpeed VCT XT(General Electric
Medical Systems, Milwakee, USA)E AFE3}GOH,
organ dose =4S ¢dA= Rando oJAHE(Model
RAN-110, Churchin Associate LTD,, USA)¥} &332
AgFAI?]l Dose Ace(Model GD—352M and FGD-1000

reader, Asahi Techno Glass Cooperation, Shizuoka,
Japan)E AR5

|

b=

1) 382 AAFA Q] calibration

REHUS 0s FoHE 0|81l AoIA 100cm

| H33-G2| A (standard glsass)E Y A|A]7]
1 6mGyR EF XAV} calibrationeS A|33sFe o,
6.19 mGy(1.03%) 2] calibration factorg& Atk
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2) &7 W

80kvpel 10mAe] ZAS=E frontal 9 lateral
projection®] scout imageE ¥ O™, main coronary
scanoA= 0.35%9%] tube rotation timed¥ 40 mm2]
beam collimation(0,625 mmX64), 32cm Z|72] small
scan field of views ARE3}I O, scan length™= 105
mmz AAstAr e Al 15 23} WElo] AupE
=% 60 bpm o= TAAFTH ?%Xﬂ. e Fx3} st
]/\“]4 helical scano|A9] pitch= 0225 Z-83}3°C
™, dose modulatione Z-83}X] 2 AFoA= ==
Z74E 210 mAsE A3} 3L, dose modulatione A&
St Qo= R-R interval® 40~80% WH$olA peak
mAB00 mA)E ARSI ymA|  FfoA=
20%(120 mA) 2 =%t} Sequential scano|A+= cardiac
cycle?] 0|79 27+ HQl 75%2] R—R intervalofA]
GxFS FESHYITE Volume coverageS 40 mm(64 X
0.625 mm), axial scan A}o]Q] H|o|&E 0]52 35 mm=E
Stel s5mme| F¥ Aglo] olo(EE %o
padding> x| A RALA AAIBl= FEQl 120 msecE
A7gstth(eo] 749 2t phase?| 63%°ll4 87%°] R-R
intervalo|A] JAIEIEo0] 7153hH. 120kVp, 600 mA,
0.35%9] constant mAs techniqueE Z-€3}3l dose
modulation 7]H-& &HL3}R] &3S Abgo|A] TakA AlA
X3} oA helical scan® &2 AlYsh= 7|9 A
HEA 9] coronary CTA(©|3} conventional CTA) TZE
Sojqe] Heke Azow selow], ARelTo] Mam
= 7S A&siGith &, AWEUAR] 100 kvpe] A&
cardiac dose modulation(ECG modulation)®] Z-& 1
a1 AgFA AAE FZ3Hprospective ECG gating) &
AFE3H= sequential scan(Snapshot pulse mode)S &
8510] B 6711 Tl ABS WAL, S
o ©akg Fol| Y8 7 W Aol 23/ v
272 Ak

3) 273 2 W

Rando WET} &3 So|MTAS AFRslo] Z=Ald Ho
o 455He AT} 9], L AR organ dosed 374
stlck, A4S 4190l 24 i WA annealing 3}

a3
%k<30~40uey>~ &wﬁﬂ o A7 163?& £
[e]
N=

7ol A background #&2 AANSFET) Effective dose?]
AR FZ<50] FEA]E]= dose length product(©]&} DLP)
o] EUR 1626204 HIsH= §H9) DLPY -F-aAlwy|
(region specific conversion factor, 0, 017 mSV~mGy71
em)E Bl Agkslant. 1 F Qefl delel
MicrosoftAle] Excel 2000 2132 o]&3lo] Hyt U
FE2UA} T2 FAIBIAL o]F AlEE}ste] vluskglt
Table 19] AAEFAY Yol FF-Sa|HefFARE A8}
o] organ doseE 7%t 919 IAE UEIH I

Table 1, Locations used for organ dose measurements in
Rando phantom with radio photo luminescence dosimeter

Measurement
) ~ Distance from Distance from  Depth from

location (slice . )

Organ No of top of head  longitudinal  anterior surface
) (cm) midline (cm) of thorax (cm)
phantom)
Heart 19 475 Rt 2.2, Lt, 2.4 45
Lung 16 40 Rt. 5.8, Lt. 6.2 8.6
Breast 17 42,5 Rt, 8.4, Lt. 8.8 -1.0
. 2

J|E0| iAol HAIEH (conventional
retrospectively ECG gated helical scan
mode)

120 kVp, 210 mAs®] constant mAsE Z]-835}3l dose
modulation®] Z-gQlo] kA AAE FZR3 lofA
helical scan® @ A|g§= UuHFAQl coronary CT9]
effective dose= 17.8 mSvyTt 18|11 A1A9] organ
dose= 103,8+22mGylom, Heo} L 717
82.6+0.4 mGy2} 65.5+1,8 mGych

2. MM M Al

Atd oz ABAUR] 100 kVpE A-85Fa, 210 mAs
9] ZASE dose modulation®] A-gQlo] S3FA AlAH =
523} Sto|A] helical scan® 2 AJ3JH coronary CTE]
effective dose= 11.0mSvith 18|21 A1A9] organ
dosex= 67.3+1.4mGygom, ¥} & 77k 52 2+
1.4 mGy, 45.7+2.4 mGy T},
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3. Cardiac dose modulation Z& Al

120 kVpE ARBStL $8F4 A= Fx3t SlofA
cardiac dose modulation(RR interval®] 40~80% <]
oA 600 mA, WA FfolA= 120 mA)SE 283 A
Efjof 4] helical scan®Z coronary CTE A]3Ys}S
effective dosex= 13.3mSv%t} 18]11 A& organ
dose= 80.0+1.7 mGy%lom, wo} 9HRe 77} 69 8+
0.2 mGy, 61,9401 mGy3it},

4. &Mt cardiac dose modulation &
Al

0l

00kVpS AFEEIT FHH AR 23} ool
cardiac dose modulation(R—-R interval®] 40~80% =
oA 600 mA, YA Ffjof= 120 mA)S Z-8=t
AYeloll A helical scan®Z coronary CTES A|3Ys}9>
o] effective dose= 8.1mSvcl 18]a1 A1%9] organ
dose= 49511 7mGyHon, =<} -2 ZH7F 41,8+
0.8 mGy, 34.2+0.2 mGy%ic}

5. Sequential scan mode E2 Al

120 kVpo} 210 mAs©] w22 AL X L3hT AaFH A
Ax X3} SloA] sequential scan modeZ 75%2]

R-R intervalo|A] FAS FESIHES 0 effective dose
= 49mSv¥t 18]al A9 organ dose= 33.8+
2.2mGyow, #Het 472 72k 23.3+£1.5mGy, 16.9
+0.7 mGy St

6. M&tX 2D} sequential scan 2 Al

100 kVp&} 210 mAs9] =&Z2 1S A8t HAgA 4
Ax TX3} SloA] sequential scan modeZ 75%2]
R-R intervalol|A] AR IES}L 0 effective dose=
3.0mSvtt 18|31 A% organ dosew= 17.7+0.1mGy
fom, #Hel > ZF7F 14.3+1.2mGy, 13.14+1.6 mGy
Ak
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Table 2, Effective doses and organ doses to patients undergoing coronary CT examination in various protocals,
measured by method using DLP region-specific converging factor and radio-photo luminescence dosimeter

Effective Organ dose (MGy)
dose (mSv) Heart Lung Breast

Conventional protocol 17.8 103.8+2.2 82.6%0.4 65.5£1.8
(RGTQ‘ 120kVp) . oL 2, .00, 05,51,
Low kVp (RGT, 100kVp) 11.0 67.3t1.4 52.2%1.4 457%2.4
Cardiac dose modulation 133 80,0417 60.840.2 619401
(RGT, 120KkVp, 40~80%) ’ T O R
Low KVp & cardiac dose modulation

8.1 495+1 41.8%0.8 4.2710,2
(RGT, 100KVp, 40~80%) : %17 B0 3220,
Sequential scan

4.6 8122 23.3%1.5 16.9£0
(PGT®, 120KVp, 120 mseq) 7 93552 R D07
Low KVp & sequential scan 30 177401 143%12 131416

(PGT, 100 kVp, 120 msec)

a : Retrospective gating
b : Prospective gating
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J2]al X529l ECG gating 7]4S 7|22 3t coronary
CT angiography+« 4 A'd E+= 16 A'd MDCToA o]
b WEW branches7} 50% ©F}l F2F 2ol 82~
95%2] WIZEQ} 86~97%] Eol=E Ho]i glom’?
A 7152 Frbel= AubAQl AR QR 9l
t}? 81A|uk coronary CT angiographyi= -4 $xjLt
AHEFE7E - whE 2hRpo] A tha @439 Aol A
stEle e molul’, W TS ATwew 2
o gt b o g A o) S WEHAIZIAL Qlof o]
£ Al Y A9 B e, el o
2] A-patel] oaf] theFet AeF wjmel AR Fol
i
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o
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wo} gtk olE &9, Kyong T Bae 5 Siemens

Sensation 16 CTo||A] retrospective EKG triggering

Z-835}a1l helical scan® @ A= coronary CT
angiographyo|A]¢] CTDIyo,S 43.3mGy, -FaXlze
8.8 mSvathy BEudom'” GEAY] LightSpeed Ultra
16004 Al E<Qle] Ade <JsbH, non—contrast
calcium scoring CT(prospective EKG triggering,
sequential scan)S A|3Yst ¢ heart®] HF organ
dose= 9F 23 mGy¥ 2™ lung® H+t organ dose= °F
18 mGy %, retrospective EKG triggering2 ARSIl
0.3 pitch® Snapshot burst XE=9| helical CT
angiography= A|3Y¢t 7% heart?} lung®| B4 organ
doses= ZZ} 145 mGy2} 119 mGyom™, ©]= non-—
contrast calcium scoring CTo| H|3] 6.3~6.64] =&
oFo]9ltl ESF ToshibaAle] Aquilion 64041 A=
20079 Eod 5o AT 120kVpel 160 mAs
(400 mA X0.4 sec rotation time), 0,225 beam pitch,
32mm beam collimation(64 X0.5 mm)¥} 180 mm F=
240 mm A7 9]
retrospective EKG triggering& A3t helical scano|

scan field of views Zg3s}al

A9] coronary CT angiography Al8) A] heart®] organ
dose= 98.4 mGyH o1, effective dosex= 16.1 mSvTH
3 R e,

T18]31 conventional coronary scani} sequential
scan®] AFS H|lwIE o5 HuEW, GEAF 64 Ad
MDCTo|A & 20379] 3= thite 2 A= coronary
CT angiographyollA] prospectively gated sequential
scan(82%)¥} cardiac modulations A-83F retro-
spectively gated helical scan(121%)9] Al#Fa} JAF9]
ZS H]w3sle] 2008 Radiologyol] ESGF James P
length=  AXRE ¢

prospectively gated sequential scan A] H+ effective

Earls 52 &Y% scan

dose= 2.8 mSvE 17.1mSvE YEHH &4 AH= 5
23} A9 helical scanol] HIE <F 84%2] HAS e+
131, B CTDLvor2 13.0 mGy= 67.6 mGyS LFERA
T HAAE 523} 319 helical scanof H]3| oF 81%
bAagckal skqny, 1ejal BAEWES]  image
quality scores ZWHOAE ATFH AAE =23} 519

g3t

N

sequential scan®] cardiac modulationS

retrospectively gated helical scan©j H|3]| S-2s}A &
S Stolek, ERE FUTE CT 71%T} YHOE 54
o XS fiAfe Rz AJdst William P Shuman 52
Ao A= prospectively gated sequential scan A]2]
doset= 4.2mSvE 18 1mSveE UElH 584 HHe 5
%3} 3}9] helical scan®| B oF 77%2] Tas LRy
QeH? L ®arE|gley,

H ool Ayl PojZ  conventional coronary
scan ZREZO|AQ] effective dose?} heart®] organ
dose= Z¥ZF 17.8 mSv<®} 103.8 mGyS YERth 1831
sequential scan ZTZEZ(120kVp, 210mAs, 75%2]
R-R interval)9] < ZF2F 4.9 mSve} 33.8 mGy=E EH
W=y, ©]= conventional coronary scan¢] H|3] <F
73%2] effective dose®} 2F 67%2] heart doseS ZAAF
o} E3F AALS] sequential scan modeoA+= 3.0 mSv
o} 17.7mGyE YERH=d|, ©]&= conventional coronary
scan©o] B3] 2F 83%2] effective dose?} heart organ
doseE ZaAZITh ol2fdt SAUSS ShollAl & Aat
Sol o3l
sequential scan®| AgF vlue} Z Zpo7} 9SS & &
em, Z2UO FY CT AA|oA A=l U= chest
CT(pre— & scan) ©J| 4] 2]
effective dose?} lung?®| organ dose”’} Z+Z} 8.8 mSve}

24.5mGy Y& At uf Aeeke 483t sequential

A|A1El  conventional coronary scani}

routine post—contrast

scan mode®] coronary CT angiographys= chest
routine CTO|= % VA= #& AE Rash AR
& o 4 gtk

2 Aol FH" AFE AA coronary CT
angiographyo]|A] Z&tE|ojof SF= test bolus scand} H
B oz AJ3YE]3l Q= calcium scoring study?] A
o] A|&j=fo] a7 ol A gtk SHANE o]=9]
AeFL A coronary CT angiography A%2] 10% 4
Al 15%2] g0l Eafsieit), ol=et M ebsieeie
E Ao A UoJA coronary CT angiography©jA] <]
3.0~17.7 v QVAFHS e 5 e AMF A

Aol 3¢l 18] =& A] oF 100 mSv'¥ol] B v]x|x] B
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She olth, AT B3 ANALIE A chest PAIT}

2H ¢ ,l' JAFA 2] (abdomen AP)oJJA] ¥H= 0.02 mSve}

0.7 mSve] AIo) wlmalE g el Sgic
Z’]—:_L o] AR A FRAto|ME  detector E  data

acquisition electronics®] Z|<&Z9l As7iAS E3) Al
st FeH|(signal-to—noise)E FFAFA|Z|IL wo|RE
B G A PP R Bl e
£ 5 T dhol ==kl Uk 53| cardiac
CTolX= A5A ] ECG gatings F3 Fd3}oll &2
g AEksT)oAe] =EHAE & cardiac  dose
FIAZIL ek s o=
functional imaging®ll+= AgHAQl @42 Zg3lE= Ab
ol 4AlsS 7IsoF gt E3 st=fojF o R cardiac
AL bow—tie filterS ZEH3}FAL}, helical scan A] H]
A& o 2 JuE= collimationS A8 x| A=
2 B9le] oF Bl SR
radiatione 7rAA]7]= adaptive collimation(adaptive
dose shield)& 7|¥5lo] A-gstar Ut ]‘— 2 go]
oS3} Be Zlole] 2NN 1] B5 20%, 2o}
A9 40% AEO| WEGn avs HI%}EP@ =8
Z|tol EQIE7] ARFSE high version CT Az|of| A=
A AXE E5Z3}O] sequential scane =5+
cardiac CTO] SRS &7|F o= ZFaA7]al Qlch
SR ol AR e Husse] Bl
iAo A8slal Sl Aejelth o]t Ao g5
of AR AGAES A2 719 EAES AMESlAL A%
= AR Sl 7HA AN EN scan angle
o] A5 Fol wFY ] 1ES FaAlAoF s,
anatomical edgesE FAAZ 4 Sl= W WA
edge—preserving image filteringS AR&3jjoF 3ich
E3| 7PFZ Aol Ao} cardiac CT ZHARIA
7+e] keolz F7VE skl 2YS5AE A ¢
L 100 kvp] ATALS 8-S TS Sthslor s
A k] A ASE SEAZIA S W9l ol
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2he 5949C2 QI8 image quality SOl HijAlE A
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> oo 30 12

Helo A &istA H8-L2 H3]1l 9= sequential scan
9] AL padding?] t}ofsle} cardiac dose modulation
Zg Al full mA range® AF wWslo] wE= image
quality R AFF Folof sl t% Zo] Qe A=
g qaele} Az,
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64 Ad MDCTol|A] 54 kg, 163 cmQl o/ QA =M
2 Ao 2 St conventional coronary CT angiography
9] effective dosex= 17.8 mSv 2™, 100 kVp2] A
A3} cardiac dose modulationS EA|of| A85F HP
8.1 mSvE conventional coronary CT angiography©] H]
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Research Council’s Committee on the Biological
Effects of Ionizing Radiation”2] 2005%¢ HIilxlo=
10 mSve] AL 1,000 = 194 lifetime cancers
2 o] A1 g, o] Hael] sk & <1l
A 7P e Ak LERH retrospectively ECG gated
conventional coronary CT angiography~ 562% % 1
Uﬂoﬂ/ﬂ lifetime cancers7]— Ig]a AEgE oy TERE
2 A AS Uehd ATALY] sequential scan
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+ Abstract

Doses of Coronary Study in 64 Channel Multi-Detector Computed Tomography :
Reduced Radiation Dose According to Varity of Examnination Protocols

Moon-Chan Kim

Dept. of Diagnostic Radiology, Samsung Medical Center

Purpose : To compare radiation dose for coronary CT angiography (CTA) obtained with 6 examination
protocols such as a retrospectively ECG gated helical scan, a prospectively ECG gated sequential scan, low
kVp technique, and cardiac dose modulation technique.

Materials and Methods : Coronary CTA was performed by using 6 current clinical protocols to evaluate ef-
fective dose and organ dose in primary beam area with anthropomorphic female phantom and glass dosi-
metric system in 64 channel multi-detector CT. After acquiring topograms of frontal and lateral projection
with 80 kVp and 10 mA, main coronary scan was done with 0,35 sec tube rotation time, 40 mm collimation
(0.625 mmXx64 ea), small scan field of view (32cm diameter), 105mm scan length, Heart beat rate of
phantom was maintained 60 bpm in ECG gating, In constant mAs technique 120 kVp, 600 mA was used,
and 100 kVp for low kVp technique. In a retrospectively ECG gated helical CT technique 0.22 pitch was
used, peak mA (600 mA) was adopted in range of 40~80% of R-R interval and 120mA(80% reduction) in
others with cardiac dose modulation, And 210 mAs was used without cardiac dose modulation, In a pro-
spectively ECG gated sequential CT technique data were acquired at 75% R-R interval (middle diastolic
phase in cardiac cycle), and 120 msec additional padding of the tube-on time was used. For effective dose
calculation region specific conversion factor of dose length product in thorax was used, which was recom-
mended by EUR 16262,

Results : The mean effective dose for conventional coronary CTA without cardiac dose modulation in a
retrospectively ECG gated helical scanwas 17.8 mSv, and mean organ dose of heart was 103.8 mGy. With
low kVp and cardiac dose modulation the mean effective dose showed 54.5% reduction, and heart dose
showed 52.3% reduction, compared with that of conventional coronary CTA,

And at the sequential scan(SnapShot pulse mode) under prospective ECG gating the mean effective dose
was 4.9 mSv, this represents an 72,5% reduction compared with that of conventional coronary CTA. And
heart dose was 33.8mGy, this represents 67.4% reduction. Inthe sequential scan technique under pro-
spective ECG gating with low kVp the mean effective dose was 3.0 mSv, this represents an 83.2% reduc-
tion compared with that of conventional coronary CTA, And heart dose was 17.7 mGy, this represents an
82.9% reduction,

Conclusion : In coronary CTA at retrospectively ECG gated helical scan, cardiac dose modulation technique
using low kVp reduced dose to 50% above compared with the conventional helical scan. And the pro-
spectively ECG gated sequential scan offers substantially reduced dose compared with the traditional retro-
spectively ECG gated helical scan,

Key Words : a retrospectively ECG gated helical scan, prospectively ECG gated sequential scan, cardiac dose
modulation
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