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Cumulative Radiation Exposures during Diagnosis and Treatments
with Diagnostic Radiology Tools: In Patient with Hepatocellular

. 1
Carcinoma
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Purpose: To evaluate the cumulative radiation dose for diagnosis and treatment
with diagnostic radiology tools for patients with hepatocellular carcinoma.

Materials and Methods: Cumulative radiation dose of 98 patients with hepatocel-
lular carcinoma were examined by diagnostic CT, CT for follow-up, once or repeated
transarterial chemoembolization (TACE), and X-ray examinations. Thus, we calculat-

ed the total cumulative effective doses per patient.

Results: The mean follow-up periods were 85 (51-102) weeks. A total of 565 CT
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scans, 262 TACEs, and 1679 X-ray examinations were enrolled. Cumulative effective

dose values per person of 91.4 + 50.6 (8.4-244.7) mSy, 49.2 + 44.7 (5.3-247.6) mSy,
and 3.6 + 4.7 (0.02-22.04) mSv were measured for CT, TACE, and X-ray examina-
tions. Total cumulative effective dose values per person were measured as 144.2 +

87.4 (15.4-513.5) mSv.

Conclusion: The patient who underwent TACE are exposed to pretty high dose ra-
diations, thus, significant efforts to reduce the radiation dose are necessary.

Index terms

Radiation Dosage

Hepatocellular Carcinoma

Transcatheter Arterial Chemoembolization
Computed Tomography, X-Ray

ME

Olg 420 GrAt} XVPQ}EP?% A(computed tomography
CT) 3 T2 Xt 71719] =2 gAfelatgool 2Hs 7
Ao 2M ot T gAfeleld AR FANA] Alsol
OFoiR|A| 5IQItt, oo w2 ol5-8 WA u|=o] 57 fﬁlﬁl
Qo] A= AR B QFSHAR T F
ZRASHLL Q= AJolth(, 2). QeuietoflAle ghARAL lLI:':EEok
o] Aot A= ot GAelatr|7]o] Auleet HAF A
7t Skt =0l 1909 2&-8 YA ml=ggo] S5t

7]-;(]— = H]

Copyrights © 2013 The Korean Society of Radiology

This is an Open Access article distributed under the terms
of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distri-
bution, and reproduction in any medium, provided the
original work is properly cited.

This paper was supported by a research grant from the
General Electric Healthcare, 2010.

1o
Fu
0
ol
>
rx
ﬂ
%‘%
X
=
)
o
_l_
%
Ne
Ji
o
o
2
)
W
o

ol ol A 7%
o ofgt o} #xk Ao Eotecka 5 o] o2
AP T2 A BtElT O WEA A Eat

ma 0 2 ) o

SIA|OF BRAPA] w|E ek

0 QJA] OF

Q.
r

243



[ = T o

AP ]G WA 1] 0] M7EIE Of8) TN AT
7 8 g2 2420] FTSkT o0, el telolAE WA
AARE SAA AlsAl TR B El= wjsdge 8okl
7|2 EQkS niAsh | ¢t ig‘ol 213y ZO]‘:]'( 4-6).
A SANA Alzoll T2 AR T
HAT0j|A] O]FOJX|AL QlOL} OFAI7HA] ﬂx} 7HR ‘?—é‘ —lfn% 3

/\PH u| =0 tigh 742 A2 gl= AXFOIEK(T, 8).
55] 7tte] xmof AAAIA o= de| AlET Ql= SR
= ool 7z uSFshAS (transarterial chemoem-

bolization; TACE)Q! 7-9- ® 0] 23] A& of whel Als Al7HO]

4 A

B US4 AlE0] opd S HoA Q] 7I7ES AL Al
o], H7|H 07 (T 7 SRR | Z-S Zulsls ZA}

2 X0 @ Ak AlRalof SHOR uhAbA u|Zof Tt 9]
FET} 20F OlR.g WA 1E wolo thsf W Az B

ofo} g EAfoIck9).

oIl o] A TACLE Y 22 12 BAEE ohy
02 UHYITHEA XA B Ol g PAFS 47,
Ao} QAN BIISAOM, o2 olg5iol TAjel

] AP ) alepo] Aol ojs) Yol mjzat 7
7o) F8A00 sl AZ}el A} shict,
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2010¢ 1€95E 2010 12€7FA] ZHAI2E ko2 Zchikyr

TACES Al ¥h2 9850 TS thifor S22 2| 5t A
3t HAFOIkA AL TACEO] OJ3h WAM] w|Z ks 24

stolet,
A XA AR CTEF 2= & F22RS 915l A9
CT, 3t ¥ E= §EE=l= TACE, 22|27 23717 5 A9
UIRPAIR O] FF B S V1B o190
| AMIES 712 5190), Ao 2 X8 TACES Al
o =AW CTE 170, 370, 83 67 ~o = =
{00, A £F 7H} WO 7+ o] TR 1900]
tSh 749 TACES A1 sH3ict.
i BRFSOlA B gabolata ZiALe} TACE H%9] o
=9 ok 2AFSIO] FARE Al ol ui wkl, TAL 1)
27 B4 5 WA oJgt miRo] GRS EAIGY,
ARE-E CT+= Somatom Definition FLASH (Siemens Medi-
cal Solution, Erlangen, Germany)2} LightSpeed VCT (GE

Healthcare, Milwaukee, WI, USA)9th BE FRLS #HS

Hl5ko 8 AFEOE ARXIS KO & 2o A ARG Ay Al

U 2GAIE AR S 354171 29573 CT () 120 kVps
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717t FIEHS AN HGHALS e BXJOA] 534 HIAPM T|Zof Tt o1

AR 100~300 mA)E oo, IFsur|e] e 4}
E7F gisul =220)4] 100 Hounsfield unito]] ZEFoF & 18% &
, ARZO7|eF XAV = Zk2F 8022} 18029] 114
FAZ 1 AlgSIgin, 29 A, 5], 27| 4] A7
= 7F7l (hepatic dome) OlIATR-E] = A1) S=-(lower
pole) 7R =2 51, FU7| G/o] A0 Hel= 7he J7H0ﬂ/\1—r
E] AT (symphysis pubis)7FA| 2EF5IIet, @ HloleA]
ZYA| (Ultravist 370 Bayer schering Pharma, Berlin, Ger-
many)E 2 mL/ke® mechanical power injector (Empowered
CTA: E-Z-EM, Bicester, UK)Z 3 mL/sec®] &= = FQJo}
ot m|lZAe MeFdolg(dose length product: DLP)¥} 7
ARRRJO] T2 B3I QIAKEY 1 = 0.015 mSv/mGy-cm)E
Tt S gl (effective dose) 2= AAFSIATH10).

TACEO Ah& dx=9EY7l= INNOVA 4100(GE
Healthcare, Milwaukee, WI, USA)S ARESIH O, Al&A}O]
SHEO] Ot @RS Eol7| Ysto] 12 GAteletit 2o
of oJshiAl AlsEQlet. Ea==g717] ARl U= Q=
jonization chamberg 5o ¥l AHHOJElE S AHA
softwares MA Az 2 FAIQF HYAIO] HAAZE (dose
area product: DAP) Zt& SASI0L, Also] B 21 & =
Ae] 2 A7k EAXTES oA Jjold R 7| E5igic), Zk2ko]
Aozl glofefof AR FANA ALl sigsl= He QIAHIE
SUSESEAZIS ¢ = (.15 mSv/Gy-cm?)S ZA-8610] ZARA
A A TSI,

AupIARA A O AXIOM aristos TX, AXIOM aristos FX,
J2]a AXIOM aristos MX (Siemens Medical Solution, Erlan-
gen, Germany )&= AFEOIALE, S5 (chest PA) #9, &
B = (chest lateral) 29, BEAS (abdomen AP) 9, §=
% (thoracic AP) Y, =W (thoracic lateral) &Y, 25
S (lJumbar AP) &<, @ ==W(lumbar lateral) &G A

O] AJJE|glon], o528 Wim 2 HIAPA 27 |8S 018519

AN
tF. 22} FARSOIA AR UURIAIEE ERY, )4
2 7|53 5 PA BF REATE o1gle] & faAS
FBHHCH12).

B g I0] Statistical Package for the Social Sciences
version 18.0 (SPSS Inc.. Chicago, 1L, USA)-2 o851 kzfr}
QRO wbARA T A} T HLI QAE0] tfsto] ZAgh 2
Gf, Bk, BEA 50 BA vt TS SOl AREowitt

2

Z 98%9] thAF 2R} F FAR= 8301l A} 15oIqe
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e Q|
o, ot A2 61A1(36~80A) At bSOl tiet & 4 & DAPGES 32812.6 + 29777.6 ¢Gy-cm? %t
Tz 717 853+ (51~1025F) .
QUL AP ELS
CT QubIIAMAESE L 2 16793] Alm|Qlom Ziolg &St
ZIHARE ATz Fotof] Al CTO] & HASpe AubApAEIe 3 17.13](1~683) HH(Table 1). F57-&
5653|520, el g3t CTO| Sl= 8t 5.83](1~163])  H&Fo] 7573, %’ﬁéﬁlz}%l 4233], EHHGZHY0] 379
SCHTable 1). 18]9] CT 2o %H TZ% DLPZES 1070 6 3, FRATHAT FF=HEY0| 1434, Teja QFHS

rﬁﬁ

+ 972.8(563~1667) mGy-cm@oT, MZE QAL 16,1 N} Q32 ZUHNo| Z}z} 4634 o|ZojHLt, ZF HARE 2
+ 4.1(8.4~25.0) mSvIH. AF7I7E 57t FHRI Oﬂ ol &
ulZ ) & DLPZES 60914 + 3374.5(563~16315) mGy-cm

HH(Table 2). EFAR0]| It m| ROl
TS FolA CTU YebAbES &, 7201 TACE Al
TACE S PApAo] ot mpRogoe el whxl, TAE, T2 B
Z 2623]°] TACEZ} olRoj3lon, SApE-2 /IRl Hv B4 52 HrwA] gioteh
2.73)(1~83])5 AERIQIHTable 1). 13]°] TACEES Al3st

I ARBAIZES 98 412 (38 17T2~348 18%)¥T, olF BA] & &N QaMzt

AIZES 88 352 (28 24%~328 36=2)%ct. HIAl DAPZL HT7717E S50k 7hke] Znkk TACE, 2|1 2 2HEkS Ql5
2 5955.4 + 3301.2(1432~42931) cGy-cm?al FAA]  ARESE 028 WhARAof| OJaf =2l & wm|Z jwak% 2R}
DAPZES 6433.1 + 3998.5(1311~25741) cGy-cm’&EM & 7Kg 144.2 + 87.4(15.4~513.5) mSvgich. o] o4 CTo
DAPZRE 12273.4 + 5656.5(3430~37304) cGy-cm?3ct. 1 OJ5h & w2 9 a2k 63.4%(91.4/144.2 mSv), TACEO] ©]
519 TACEON oJQt = Qi /dske 18.4 + 8.5(5.1~56.0) T F T QEAIHS 34.1%(49.2/144.2 mSv), 2|11 gt
mSv A (Table 3). A7 13 &R 70l TACE ] oJoff w=e  wapdEgo] 2ofgt & wlE F 8 AR 2.5%(3.6/144.2 mSv)

Table 1. Number of Each Examination per a Person

Maximum Minimum Mean Standard Deviation
CT 15 1 5.8 3
TACE 8 1 2.7 2
X-ray examination 68 1 17.1 14.6

Note.—TACE = transarterial chemoembolization

Table 2. Statistics of Effective Dose Using DLP during CT and Cumulative DLP

Maximum Minimum Mean Standard Deviation
DLP (mGy-cm) 1667 563 1070.6 272.8
ED (mSv) 25 84 16.1 4.1
Cumulative DLP (mGy-cm) 16315 563 6091.4 33745

Note.—DLP = dose length product, ED = effective dose

Table 3. Statistics of Procedure Time and Effective Dose Using DAP during TACE

Maximum Minimum Mean Standard Deviation
Total time (min.sec) 34.18 3.17 9.41 433
Fluoroscopy time (min.sec) 3236 224 8.35 424
Total DAP (cGy-cm?) 37304 3430 122734 5656.5
Image acquisition DAP (cGy-cm?) 42931 1432 5955.4 3301.2
Fluoroscopy DAP (cGy-cm?) 25741 1311 6433.1 39985
Effective dose (mSv) 56.0 5.1 18.4 85

Note.—DAP = dose area product, TACE = transarterial chemoembolization
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Table 4. Total Effective Dose of Each X-Ray Examinations

SIXJOlIA] 3 HIAP T|Zof Lot 17

Examination Projection Typical Effective Dose (mSv) Numbers of Examination Total Effective Dose (mSv)
Chest PA 0.02 757 15.14
LAT 0.04 423 16.92
Abdomen AP 0.7 379 2653
Thoracic AP 0.4 14 56
LAT 03 14 4.2
Lumbar AP 0.7 46 322
LAT 03 46 13.8
Note.—AP = anteroposterior, LAT = lateral, PA = posteroanterior
Table 5. Individual Cumulative Effective Dose (mSv)
Maximum Minimum Mean Standard Deviation
CT 244.7 91.4 50.6
TACE 247.6 49.2 44.7
X-ray Examination 22.04 0.02 36 4.7
Total 513.6 15.4 144.2 87.4

Note.—TACE = transarterial chemoembolization
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Fig. 1. Box plot shows cumulative effective dose for each examinations
and total cumulative effective dose. Data points (**) are extremes and
are greater than 1.5 times the interquartile range above each box.
Note.—TACE = transarterial chemoembolization

HH(Table 5, Fig. 1).

FARRE TdBtal s A A
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AR E4f0] dofd = QU Sfm Ao A ARG-ER= A

gurH o= ofefel AAA FF(deterministic

effects)C] HEPE 4= Q1= 100 mSv ©Jote] U2 BhARA-S- Lot

o ARY7EA] 100 mSv ©[5+2] )28 WhARAL wIjZofA] oFZ] Q]

Alof 2792102 ofuel FRkZ vIAl=Aof tisliAl= SEEA|
& AEHOIEH(13-15).

TAIAIZ o= ofefel ofmubAbkdof fgt 3]%%130]
e Ak ARl Ao} ofe] ZAjidol tieh
OFOfA|1L glom, ofZ o5l | fIgh HARG %Oﬂ ]
ZFstal QIct. Pierce®@} Preston (16)-2 50 mSv2] U BIAPAL =
20 ofaiire ot LAY YlFo] S5kl 50~150 mSvJ AR
23 B2 ARFEO] & AFYEC] S7IRIHL HAslon,
Brenner S(17)-& CT &r50]| ISk HlAbA] T2 0 g2 QF vRAl Tt
7Rl ottt = Ewt She A guIzolE (linear—
no threshold model) 0l TR A dZo Al Ao Bl2|5Ho
QUZHOfIA ol o] WYZE-S S7IA 4 ekl sl 9l
o, TSk &gk PARIO] Qlet o] Aol = ZEgtol ¢l
AL ZEEskal 9iHH(13, 18, 19).

o e 75_] A AR CT HAks ohefeh dA A5 29
£, SAMSgol wef vrekel PAF T2 EZ0| Q1 ofof wit
A %/\V\*EkE ohefet 4= gtof gict. CTof oJet H+ &
AR HAE o] Tt A A= FF(head) CT2] 2F 2 mSv

oA E-E(abdomen) CT2] 2F 31 mSvoll 0|21, 7k BH CT
2} dxefe HAF e EZo| mf thefot a7 (10~43
mSv)= HHEH20, 21).
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