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— Radiation Dose and Estimate of Lifetime Attributable Risk of Cancer from
Coronary Angiography and Percutaneous Coronary Intervention —
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FAERe CATO FHit 1.28 mSvo AL, PCIT-ol e 3.94 mSvo At A7 e ol CAT 2.17 mSv,
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s Eeke Ao shz AZS] wHsle}l =
Q1G] S7k= I8 gsskal Stk wAEH H2R>
WEEH] 7 Hol| o F/dite] A dato] &
ofFl o= o] A2 s =2 Faf 4 WA, FA
F AT, SN AT OfF 4RAF 5ol 34
o Uehdth webd oleldt $Ale BABWEYE
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A< (percutaneous coronary intervention, ©|3} PCI)Z
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Header text [
i Phantom hsight  Phantom nass

Age
P8 c1 c5 1w 15 @ Adi | 1740000 A amin
Standard:174.00  Standard:71.10 PO

Beam data:
Beam width Beam height
0

Xref Yref Zref
80.0000 | 20.000 20.0000 67774 | 86083 | 48.3260

ProjAngle Cranio-caudal angle
270.0000 0.0000

LATL=0  PA=30 (pos) Cranial X-ray lube

LATR=180 AP=270  (neg) Caudal X-ray tube

% Draw sray field

Simulation:
NElevels  Nphots

15 20000

Field size calculator

Image width Image height

D
o i e Calculate

Phartom exit-image distance: |0

FSD Beam width Beam height
.18 1410 1880 Use this datal

Fig. 1. lllustration of Monte Carlo simulation(PCXMC 1.5)

5l3lty, DAP= Ae] Ze|w|EH(collimater) F-E-(tube
housing)of| A2to] E|o] 9= DAP meter(Diamentor
PTW, Freiburg, Germany)o] 2|3} =X T o] EUFE]
Aol AAETE DAPE= =l ZAMAZE X-ray 9
WolE Heel welel, Wk oleth WAL i
AUEIT SYEES TeEo] olo] BHEREAES
MR FARGOH BT 2gsied Atk
DAP meter®] ofHA] &AL B H919] 1025 d
A ATt DAP meter® 3 3he ZHIIER AlE
o] (Monte Carlo simulations) Z&ZE1ZH2] PCXMC
15" olgsio] faMa MRS AHasict

Table 1, Lifetime attributable risk of cancer incidence from BEIR VI

Age at Exposure(years)

Cancer Site

5 10 15 20 30 40 50 60 70 80
Males
Stomach 76 65 55 46 40 28 27 25 20 14 7
Colon 336 285 241 204 173 125 122 113 94 05 30
Liver 61 50 43 36 30 22 21 19 14 8 3
Lung 314 261 216 180 149 105 104 101 89 05 34
Prostate 93 80 67 57 48 35 35 33 26 14 5
Bladder 209 177 150 127 108 79 79 76 66 47 23
Other 1123 672 503 394 312 198 172 140 98 57 23
All solid 2326 1667 1325 1076 881 602 564 507 407 270 126
Leukemia 237 149 120 105 96 84 84 84 82 73 48
All cancers 2563 1816 1445 1182 977 686 648 591 489 343 174
Females
Stomach 101 85 72 61 52 36 35 32 27 19 11
Colon 220 187 158 134 114 82 79 73 62 45 23
Liver 28 23 20 16 14 10 10 9 7 5 2
Lung 733 608 504 417 346 242 240 230 201 147 77
Breast 1171 914 712 553 429 253 141 70 31 12 4
Uterus 50 42 36 30 26 18 16 13 9 5 2
Ovary 104 87 73 60 50 34 31 25 18 11 5
Bladder 212 180 152 129 109 79 78 74 64 47 24
Other 1339 719 523 409 323 207 181 148 109 68 30
All solid 4592 3265 2525 1988 1575 1002 824 678 529 358 177
Leukemia 185 112 86 76 71 63 62 62 57 51 37
All cancers 4777 3377 2611 2064 1646 1065 886 740 586 409 214

Note: Number of deaths per 100,000 persons exposed to dose of 0.1 Gy.
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4, 2 gtMol MOfRA=RIE (lifetime attributable
risk of cancer, LAR) &=

oF WAye] AojS Bl BrH b Fe] maA]
ujse] MelAbd s w3 leisle] 74 i
H(biological effects of ionizing radiation committee
, ol5} BEIR VD& 2-&3}9ck”, BEIR VI RilA:
100msv4 Ager ZH7IER Algdolidolx 24
AR A7 Akt o vkl sk EEE 25 E 283}
of AofAEHe A S =01 404 49
¥ S7Md%(ung equivalent dose)©] 10 mSvo|zhd,
BEIR VI¢] EdojA o A% 100 mSv 7FS o] 404]
o}/ do] HeF Aol gk LARS 100,00078 & 2407]
CHE 1 F®). webd 10mSv Aol ot LARS
10/100 * 240/1000000]t}, E dAGoix= Ey7IERE
AlEdoldola AtEE A BEIR VI EilAofA
AAEE LAR S Foto] CALE PCIOAlS] AA|IZ<QI
LARE Aol Q15- 1,000,000 o= SHAFS}HIT

m. 2 df
1. HAIXISS LBixol EM
A dAF 118759 A BEE= CAT 60 T IRt
29, o]z} 31Wo|Qal, PCIL-S 58 % YA} 331, o]
2 25mgolQlty, Wit AHS CATE 60.23A], PCIT
65464193, AWFASE CAT 23.30 kg/m”, PCIE

93,47 kg/m”0]QJt}, ABFEES CA 58,07, PCIT-S
57.210]tHTable 2).

Table 2, Clinical characteristics of study subject

CA PCl
No. of patients 60 58
Male : female 29:31 33:25
Age(yrs) 60.23110.31 65.46%12.67
Weight (kg) 62,06+£12.83 60.90+12,39
Height (cm) 161.47%9.71 160,13£10,78
Body mass index(kg/m’) 2330272 23.47£3.06

Ejection fraction 58.07+10.78 57.21+10.01

2. CAZ1t PCIZMHINS DAP il REHE

DAPL CAFLOA] 4 53.76 Gyem®, gt 207.14

Gyem®0]913l, PCIZoA: Bt
& 379.34 Gyem’0|Qit}, FA|2
@+ 277.76%, | 1,147zo] i, PCI:LoﬂHh Bt
992.63%, U 2,613%0|Ut}t SaATFS CAFA F
o 1.28 mSvolQlal, |t 4,93 mSvo|9itt. PCIEo|Al=
B4 3.94mSv, | 9.02 mSvo|¢tHTable 3).

Table 3, Result of Kerma, DAP, effective dose from CA
and PCl

CA PCl

mean+SD  maximum mean maximum

8.38%5.20 33.29 26.21+15.5 58.17
53.76+32.10  207.14  165.82195.56  379.34
277.76£237.75 1147.01 992.63£692.36  2613.24

1.28%0.76 4,93 3.94£2.73 9.02

Kerma(Gy)
DAP(Gyem®)

Fluoro time(sec)
Effective dose(mSv)

3. CAZU PCIZHANME Il

DAPZS HFEFO 2 PCXMC EZ2IHS o]gslo] 7]
S a2k & 400 debleh 79 e CA
oA Ht 2.17mSv, Ftf| 8.38 mSvo|$al, PCItoflA
£ W+ 6.71mSv, | 1535 mSvolict, Aol A
2 CATOlM 7 6.60mSv, T 2542mSvolQla
PCIZol A= % 20.32mSv, Z| 46,54 mSvolQirt,
o] Agke CATOlA Bt 5.45mSv, Zdl 21.00
mSvolT, PCIwolils S+ 16.82mSv, X 38,45
mSvo|ATtHTable 4),

Table 4, Result of organ dose from CA and PCl

CA PCI
mean®tSD  maximum mean*SD  maximum
Lung(mSv) 2.17£1.30 8.38 6.71+3.87 15.35
Heart(mSv) 6.601+3.94 25.42 20.32+11.67 46,54
Breast(mSv) 5.45%3.25 21,00 16.82£9.69 38.45
Stomach(mSv)  2.85%+1.70 10,97 8.791+5.06 20.09

Thymus(mSv)  6.81£4.07 2624  21.01x12.11 48.05

4. LAR EJ}

RSl = QKall cancer) O] LARS 2l
1,000,0000.2 FAFS 3 2 CAZoA HHS 3
o+ 6637, |t 2,41078°]%1aL, o/4dS Hat 7377, I
o 1,9207g0]ick o= WA Wt 1,508 F 19, Fdj
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Table 5, Lifetime attributable risks(LARs) and odds of cancer incidence from CA and PCl

CA PCl
Cancer ” "
site LAR(per million) Odds LAR(per million) Odds
mean maximum mean maximum mean maximum mean maximum
All cancer
Males 663 2410 1:1508 1:415 1808 5850 1:553 1:170
Females 737 1920 1:1357 1:521 2074 4790 1:482 1:209
All solid
Males 556 2010 1:1798 1:498 1519 5100 1:658 1:196
Females 669 1780 1:1495 1:562 1715 4330 1:583 1:230
Lung
Males 199 750 1:5025 1:1333 543 1600 1:1715 1:625
Females 388 1020 1:2958 1:980 1233 4790 1:811 1:209
Breast
Females 312 1300 1:3205 1:769 1715 4330 1:583 1:231
415 F 19, Aol B 1,357 F 1y, o 5000 “CA
521 2= 1Wo] ME ZF2o0] ofo] BT} 2~ QJri= o] 4600 |- " = PCI
o} PCI ol HE ¢(all cancer) WSl LARS H4] R . .
oM Wit 18087, Htf 58500l 0n], ol W W
2,074%, Htf 4,79070|9%, ol dA Wit 553 F g - :
19, A 170 F 1el, olyeldi: Wi as2 F 1 £ e
B, Ao 200% F 10] BE TR Qo] WA 9 mm
LoAoR Uehde doh We] LARS WAOIH HE W e et
50257 % 19, 2] 1,333 3 190|%la1, AolA= 1000 [ P
Bt 2,958% % 19, 2o} 980% F 19elgict. pCI B0 |t T
oA slier de] LARS A et 1,715 5 1%, A Uo wlo éo alo 4Io 5Io 6IO 7I0
o 6257 5 179801laL, o4de Bt 811y F 19, A Subject(n)

209 = 1ot} E3] o419 —,‘?,—HOI'O]'(breast cancer)
SAIO] LARS CATOA ot 3,205 = 19, Z|of| 769

g T 190I%0aL, PCITollM= Bt 5835 < 19, =
2317 F 19004 o] AT 5= 3= A= e

Y tHTable 5).

CA®} PCI HlidAFe] LARS Wlws| & 2= 19 2
of AAEIAT:. o AL CAEOlA 1,000~3,0007
1go] RE 9oKall cancer) Aol dEstal, PCITolA]
© 200~1,500% F 17go] W= oF A sigelqict
(Figure 2), o] PCIsto] T2} Aefo] izo} ¢F WIA<]F
ol =2 AR YEgT
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o

—HZ F(dose—area product, DAP)S =A3it} o]

&

o BAAAE She Eole] et AEAEY Bl
S} ZAPEHe] WISt DAP gtol AR $islel
AE2 st 247 Hk?. DAP HEE x-41%e] =
Aok ol AA=lel qlt= WY Bue] ole Ay
(ionization chamber) B4 O 2K AFS A SAs=
AL ofYil X-AwoflA EFEe 27| JUAE #E7]8t
| BRI W XA kVpe] WS Eaee] A
o2 FAYT TR Gyem'Z FEASHH, DAP v
FAGE oAt cine moder} AHEEH Frol

A AREE HUE| A& mAJSY 7S5 H

>

fr o &

o

CA9} PCIOlA FEAZS AMESH] S8 Ze7lE=
AlEY|o]AA(Monte Carlo methods) Z=213Q] PCXMC
1.5 o833t PCXMCE=  /dellA AR AL
(radiography and fluoroscopy) A &&}eo] 7|AlsFa}
FadgkE Al 98l STUK(Radiation  and
Nuclear Safety Authority in Finland)oj|A] AF+&EZ O
2 AgEglon] RIEIR. ol 29749] 7)Hat 27
o] Aefo] AAFE|TL, ICRP publication 60(1991)¢] 7
Z2) 51 Al4=¢} ICRP publication 103(2007)2] dAj
24 /1% Aeg gadZel H8siel A, of X
2a9e BHE 2719 Lojef ol BB BUR 31
WA RIS MEEt B dTelds 33 b

2 PEYEGA ZEol|l FAEE DAP @ &

kel &

golal, 547 DAP gt SHIPRER AlEdold ==
TIH(PCXMC)Z og3te] FaAFeR =37l #
BAFoRA Y At FE7t §l& AR dekEnt

Stisova 59 AFo|A= CASE A3t 2] DAP+=
25.0~54.5 Gyem?©]9]3l,  PTCAo|AL  43.0~104.5
Gyem?o|%lth, GEAFS] FFS CAoJA 2.7~8.8 mSv
0]9]3l, PTCAX: 5.7~15.3mSvAty. Bor D £9] o7
oA CAE At FLollA] Z43F DAP Hat2 491
Gyem”0]23l, PTCAZOIA:= 66.8 Gyem®, AEIE ARQ]
oA 106.9 Gyem®o|QItH? | o] . 9itelA] DAP
L CATET} PCIsE ZF2} W4t 53.7 Gyem®, 165.8 Gyem”%)
I, SaAFe CAZOIA 1.28mSv, PCITolA 3.94
mSvo|ojA] 7]Ee] AFET ATEA vl A1E U
EFWiTE

oF At 1A B $fEiA EW Wl AT
2 QLo HSE BEIR VI R oHbg 93 H 1o
Ao} 7 EHolx 2Ale] Hyf =g ol T
AH” WESHA 27 5o m@Hor HEF A} 9]

= U 9ol 9A7E gl o #& A

QL WAL o]FojRaL a0 A AL
Al ofF 22 et flde oplRithal A& o]
7F4o] LNT(linear no—threshold) X@o]zlal d}t}.
BEIR VI lifetime risk HEoA= Q3 109F ol A
100 mSve| u|&o| Atz ¢oF WA Aol AN 5 5
A2 Fristelty, Bddor i AgEErt vsgt
AA vj=yl JgoF 7PASHH, BEIR VI 232 100
mSve] Agfo] dizf 1007 5 194 AL, WHE

)

A3
A

)0l ARl oSSl o] HdloflA AAIRE A,
A% ¥ LARE FaAwat w5tz AA] QdollAe]
LARE AR 4= St} £ <dFtellA CASF PCIOA] &
Y Rs Bkl EEPREE AlEE ol (Monte
Carlo simulations) ZEIM(PCXMC)L ©o]&3le] A=
3t 7|#A=F9t BEIR VI ZYl& A&3F LARS Alg|Ao]
e & 4 9k

So gl SAMAIolslels)
(national radiological protection board, NRPB, UK)
oA AARE &F LN AGE ol8sto] AN f1S
B7bsk=l FaAEe] ek 3.4+1.3mSvo|qlA,
obgEe 6,000 F 1ol Hustgtt?. #Hef 3
o AR 14,7 mSvRIal o= 8,000 5 17ollAl ¢
ZoFo] wWA¥SItial HIISEITE  Efstathopoulos &
ICRP 600f|4] ARt HEAIFE o]-gste] 2/dFUd]
ANEE A=l CA AlgRE A$- 100,000 T
28%goll 4, PCIo] 7~ 787gollA] P dFgo] TAYRthaL
3tItF?. Michael Sandborg 59| oA WATle
WS HASiA ARERE A CAOA faAR] 6.8
mSv, CA®} PTCAS oA ARt 499 fakildo] 8.6
mSve}f sHlaL, RS 34 mSv7A] S EH AT
1 3ttt ks W (radial artery)S HARSE o= CA
oAl §-aAlTFo] 9.2mSv, CA plus PTCAQ] GFaAlzo]
13,5 mSve} o], w=FwS HAslo] CAE Aldsh= 4
2o gasol WATElENRS HAsl: AouT o
EOI e, B Aol HRfaAEe CAgelA
1.28 mSv, PCI#ollA] 3,94 mSvolQlil, o] AsFe = Qs
HE oKall cancer) YL CAToA HA] H+ 1,508
% 1%, ol4olA: B 13579 % 1Wololeh. POl
oA W BT 553 % 1, olAolAE Bt 482
T 19o] e o] wd &= vt #H9] A2 CA
oM 2.71mSvell, o= |4 50257 F 19, A4
2,958 5 19| Hef WAL, PCIFEoA9] A
% 6.71mSvS FA 1,715 = 11, oA 811y = 19
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oA B 1508 F 19, oPYolA B 13579 F
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+ Abstract

Radiation Dose and Estimate of Lifetime Attributable Risk of Cancer from
Coronary Angiography and Percutaneous Coronary Intervention

Yeong-Han Kang - Bu-Sun Kim" - Jong-Sam Park”

Department of Diagnostic Radiology, Daegu Catholic University Hospital -
Y Department of Radiologic Technology, Daegu Health College

The Purpose of this study was to determine the effective dose to an average patient from Coronary
Angiography (CA) and Percutaneous Coronary Intervention (PCI). And to estimate the lifetime attributable
risk (LAR) of cancer associated with radiation exposure from CA and PCI,

The dose-area product (DAP) values to the patient were recorded from 60 CA and S8 PCI. A Monte
Carlo based program PCXMC was used to calculate the effective dose from DAP values for each patient.
Lifetime attributable risks were estimated with models developed in the National Academies' Biological
Effects of Tonizing Radiation VII report.

The mean DAP values was 53,76 Gy -cm’ for CA and 165,82 Gy - cm’ for PCL, Mean effective dose were
1.28mSv in CA, 3.94mSv in PCI. Results of Calculate organ dose, lung doses was 2,17 mSv in CA and
6.71mSv in PCI, Female breast doses was 5.45mSv in CA and 16.82 mSv in PCI. LAR estimates for CA
varied from 1 in 1,508 for man to 1 in 1,357 for women. In PCI procedure varied from 1 in 553 for
man to 1 in 482 for women,

DAP can be used as the dose indicator to calculate the organ dose and effective dose of patient based
on Monte Carlo simulation. These dose estimates derived from our simulation models suggest that CA and
PCI are associated with a nonnegligible LAR of cancer. This risk varies markedly and is considerably
greater for women, PCI than for man, CA.

Key Words : Coronary angiography, Effective dose, Organ dose, Lifetime attributable risk
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