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! Radiation Exposure to Patient and Radiologist
During Transcatheter Arterial Embolization
for Hepatocellular Carcinoma
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Masatoshi Okazaki®, Satoshi Sawada®,
Yukio Takayasu®’, Subaru Hashimoto®,

Nobushige Ha}yashi”, Shigeru Furui®,
Shuji Koyama®” and Hisashi Maekoshi”

Purpose: To evaluate radiation exposure to patients and
radiologists during transcatheter arterial embolization (TAE)
for hepatocellular carcinoma.

Materials and Methods: In 39 TAE procedures performed
at eight institutes, skin doses were evaluated with thermolu-
minescence dosimeters at the patient’s back (entrance surface)
and lower abdomen, and at the radiologist’s forehead and
abdomen. Real-time dosimeters were also used to evaluate
patient skin dose.

Results: The patients’ mean entrance surface dose was 973+/
—681 mGy (range, 185 to 3543 mGy) with the mean fluoro-
scopic time of 21 minutes and 6 digital subtraction angiog-
raphy (DSA) acquisitions. The dose at the patients’ lower
abdomen was 0.98+/-0.77 mGy. Doses for the radiologists
were 0.04+/-0.04 mGy at the forehead and 0.15+/-0.19 mGy
and 0.005+/-0.01 mGy at the abdomen over and under the
apron, respectively. Fifty-six percent of the patients' skin dose
was from DSA and 44% from fluoroscopy.

Conclusions: Patient skin dose may occasionally exceed
the dose for transient erythema. Because a patient may have
repeated TAEs, skin doses or X-ray conditions should be
recorded. The exposed doses of radiologists were consid-
ered to be acceptable with proper techniques. Further efforts
to reduce radiation should be directed toward both DSA and
fluoroscopy.
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FFMfRE L 7 & 7 HEIC S 5T 5 REEIFET, 20Kk
HATIECHLE 2 3BRLD ™ A )V AEE MR 468 L O ZE |2
0T 4. BERTIZEM 3 FALESFHRIEMEIZ X - T
TL, JHSEMESEYIZLAREERAOE 4 (514 T
AV, FFHilafEoBE L LT, IFBIIRZERRAT (transcatheter
arterial embolization, PLFTAE), Wk, #E0I% o —
WVIERN, {Lsftek, BEERER SN b b ds, 2T
bTAEIX£BEZEOHS50% (ZHfT S, b EDIFHAaREE
FEDOHRLAERIE B2 L TWwaY, BEOTAEDFRIL, <
A7 0HT—7 IV EEHGOREBRICED, TUREH &k
EERIORETH, PLUYSF ARy ICHREBZES
5 IEHHREER T 599, TAEIdigital subtraction angiog-
raphy (DSA) &£ X#ERIZ X 2 H A FTICRITENE, X5
(2, FFifaRE 0B, Rt E 22 I3EEEEIC LT
BEEOTAEZ T 5 Z 040 R{\w, Ld- T,
TAEIZ BT 5 BF & W& OBRE EFEICEMET 5 2 L 2E
TeEZONBEL, TNE TICTAEDHER I 2 #Hii
L, BEtES AT, HELIFIETHEY9, bh
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19984 9 H~19994F 3 B2, Wik DZERA IR T 2 &H
8 NATDKEE BRI BT, TAE%R BHAYIZ ALE L 72 iFHIa e
BE400) (55 S B) 2ot & Lz, BEEBM306, &
106, 4EHS1--805E ((FH65iE), FF143~180cm (FH
160.6cm), {RE37~74kg ((F¥57.7kg) Td o 7=, FHEERAL
EFEQIB), AXEGH), £ATHEO ), FEBLIUVR
REQH) Chotz. HEREN 146, LRBEIN6HIT,
JEBFEIL 1~8cm (FH3.1em) TH - 7-.
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(LiF-TLD, K7 > %% 7) % 1{#
ALA, XAl F—1234+5
TLDEEDHKIED 280, & 5h 10
DEF G (ML, B OREERICB
WTLUTORBERE TS 72,
TLD - & B #E T (Radocon
500 and 33-mL Chamber 550-4,
Victoreen, Cleveland, Ohio) {2, [d]
C4&H-CcEERIET0, 80, 90,

—

Fig. 1 Positions of thermoluminescent dosimeters (TLD) and a real-time dosimeter for pa-

tients.

Electric CKIE]), Siemens(FA ), 3 UPhilips(+ 7 > %)
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fz. BREDSOEAMMIL 1~9 £ (FH2.54) TH o7z,
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SHOOEEDN R SNz EGEEEIREY, BHEBIR S
WCBI&BRE, HAT 4 2T hT—7 Ve iR E 7213
BERBIRICEEL, <4 27087 —7 V& EEOFEBIR
(ZHEsD, FUHEA (epirubicin, adriamycin, mitomycin C 721
neo-carcinostatin) & i1 A (Lipiodol Ultra-Fluid,
Guerbet) DR EM e By L2k, ¥ 7 F v ARV Y
(Gelfoam, Pahrmacia & Upjohn ¥ 7z13Spongel, 11122 P%8)
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Fig. 2 Positions of thermoluminescent dosimeters (TLD) for ra-
diologists.
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100, 1103 X US120kV DX (XD
IRV F—33.0, 34.2, 36.0,
37.8, 40.08 X U42.2keV) % FRY
L7z, BEHESERTOZ AV XI5, Hoh UomEn
FEFER THBATE, BB S Rr7EaT o 24 8 M
B & B L TIRIE 24T o 72, TLDO$&/RME (mSv) %, FEHEH
RERTOFRAEIREE#E R UMER) THRL, &%
BT EmSvRENURE R KD, FEIT I3 AALIEH# % 1F
#LT.

TLDIE 3 HOEFE—HE LT lemAD/ Ny r— V|24
L, 0BloBE LMHER, BLXUNy 77572 Mg
DOFHIALZ, F208 @y & — VU (TLDHETF#ET6241E) %
AL, FAAHERR I MARERRE L7z, AHEREIC BV TTLDIEX
M O S N IR RE S, MEFREE L UTAED
PRAAGTELRT |03 L il 1 deag Sz, BB OTLDEAS T
i, FFECET(SE L, WL 6 SemZ ) B X OF
PEERHTTE o5& LE), MEOTLDEAIA L, BI4ER
B L ONEER (PR ORI & #0) & L (Fig. 1, 2), #hFh
DTLD/S v 4r — V%W 7 — 7 CHRM T 723 PR I E5E
L7z, BEOTHEEOTLDIX, S0 2 5
L L72b 0T, RRIEXBAFH CToH 2 FMICEEETRET
HBHH, MERPFEIC L BFEERFEEINS 2D, TELHE
B ¥ L7z, TAED# T4, TLD* Rili7 > ¥ 74k
VB L, iAMDY #1To 7, Be 3l z EERT
ROTRIEFEHTHIEL, WEIZE - TEEICBIT20%
NGBl (mGy) %1572,

TLDIZ & 25Tl & B 12, 6 HERRDIVEBIZBVTIE, Y
TV F A LR (Skin Dose Monitor, McMahon Medical, San
Diego, USA)IZ X ZMISERBEH L7z, ) 7V 9 £ LfETD
=i E BEOFMEHOTLD & T34 L, DSA
P ORI IR (mGy) & # DS TOREEBER
BER (40) 2508k L7-. Shuc kb, B EDSAREIC X
2 ki A B 2 EF L 7.
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1. TLDIC & BBITHRESR
EPEERR L - TH O N/A-TLDO# IE M % Fig. 31278
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FRENA A=Y - A 7037747 (1) O
FFEEIL15~31em CE¥26em) Th o7z EE—1T AL
THIEAMEIZ95~115em ((F¥104cm), £Em—~ v N
BEIZ70~95cm (F3979.2cm) THh o7z, 1 FldH7- h o
ERHEBIREH134.0~63.15 ((F#921.34), DSA#RE
FI%E 2~ 130 ((F#) 6 [8]) TdH - 72. DSADIE HH
FeSIZHBNEARSH VSRS, $VEIR D
WA 1 REBIBH 72 Y Bk 7 B (EE1.4E]) OFEiE
ADTh Tz, EDSAFFERIIDTT%IZ BEE A s
PERA SN, FEEADOESGII23% TH o172, angio-
CT VAT AE 8 FEFICBWTHER SR, 1~5 \D
CTH (F3 3 [|) psfThbh 7.
39BIDTAEIZ BT 5 B & fird OWRAIE O B4
Table LI, A OIFEFHE IO 3185~3543mGy
(FP Yl 832mGy) Th o7z, 4 DEEOREITIERIC
Lo TRWGAIERL, EHFFHOEER & DSAHRFEE
OB THII L 72 (Fig. 4). BeROMAEZIRL

FAEBNIEZEIMARIRDIEL Sem D HFEMIRET, A2

Fig. 3 Calibration curve of thermoluminescent dosimeter system. As the
mean tube voltage in the clinical procedures was 77.8 kV for fluoroscopy

and 79.5 kV for DSA, the calibration factor was determined to be 0.9.

T, WIEEIZ0.88 CEEESKV) 5 1.21 (120kV) DB <
Hotz, EBOTAEIZBWTHE S NWAXHETEEIL, BHR
A570~95kV ((F#477.8 +6.8kV), DSA 70~95kV (34795
+6.8kV) TH o722 Lh s, WIERE0.9% AW TUT DO
&7 7.

OBDEZED S B, 1 PHIMEREOFRITDGROTE L
%0, TAEIZHATS e d o7z, 5A39FICH L TTAEDS
frbhz. W& 3214 OMEHEHE T, B5RESIS 3~234F
(CFI134E) T - 72, W& OBFELR D245 130.25mm (34
Bl) Z 72150.35mm (5 Bl) TH -7z, TAEDFTHN - BROLE
fr&®ud, FFRXE®AR(17), HRFEIAR(10), ZRFHIIR(8),
THERRBINR (6), ASRTDCIEL(8), AMEXKIKL(5), A
IR(2), BLOEFZIEEIRQR)THY, 1 EFBH7 ) DIE
REIIREUSE 1~3 R (FI14E) TH o 72, I L 7zLipiodol
Dl 1 B0 1~15ml (FH4.3ml) Th - 7.

FBHILERE— FA206), 7OV AE— FAS19FTHW 6
N, DSAIZEBI/ IV AE— FTRE SN, BEFATE

POS@IAR & D TAEDSHEAT S 7z, EHRRERTI53.447,

DSAHGEIZ 9 BITH o7z, FERIZEDT, 12~18

71 A OREBBIEE I B E RS S heho 72,
BEOTEEHNOMEIZ, 0.20~2.9mGy (H 3¢
0.77mGy) T o 7=,

MrE R OMEL 1L 190.04 £ 0.04mGy T, 1311(33%) T
(BRI S e dr o fz. WA PEER O BARERHTTE T3 015 +
0.19mGy T, 7 61(18%) TR E iz o7z, BiERDHK
T TIEF10.005 £ 0.01mGy & & 6124 % £, 2861(72%) T
SN o /. BilREEHOMEIZHITEOMED 3.3% (4
=1 P
2. D7 a4 LFREHC L 2 RITERR

30BUZBIT 2 ) TV E A L EHC L BillE DR,
TAENHAT S e b2 o 72 1 Fl% B 29810 BEIFEE T O
MR (3240--2760mGy (P RAET7OSMGy) TH - 72, RO
TLDIZ & 2 FHAMEIZ R BfE & IR @ h s - 7275,
B MBSO 5 N7 (R2=0.87, p<0.0001). TAED
BHRIZCT R MAT S/ 5 FlEBR {24002\ T, 4AHiRE
D56%DDSA, 44%05ERIZL HBBTH o7, CT2ED
5HITIE, DSA, &, CTIZL 2HIBOEIEIZFhENS54

Table 1 Absorbed skin dose of patients and radiologists measured by thermoluminescent dosimetry during transcatheter
arterial embolization for hepatocellular carcinoma
Skin Dose (mGy)
Position Minimum Maximum Mean SD™ Median
Patient (n=39)
Back behind liver 185 3543 973 681 832
Lower abdomen 0.20 2.91 0.98 0.69 0.77
Radiologist (n=39)
Head 0 0.15 0.04 0.04 0.02
Abdomen
Over the apron 0 0.89 0.15 0.19 0.06
Under the apron 0 0.05 0.005 0.01 0*

ER 12412 H 25 H

‘not detected, **standard deviation
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V7 A LBERETOMHICE Y, BEoEHE
12 & BHREE & DSALC X A A BIE Lo SF
THZEDARETH -7,

No.of Cases
I
1

Interventional radiology (2817 % L H DX
ARASFSERAL O B2 MR B L T, SRk L,
ERWIPEEF - EF BT

40mGy'Y, PRI B Y AT I A s
(ERCP) & W 2 FH TROmGy' " B L UF
1800mGy!'”, F Ff 1% it T260~

e o

270mGy'?, SEEHARYEPIIRFFEHIR > + > b
b (TIPS) T1200mGy 7, FEHHHEIZ§ 5F
[ ] BHIIRZERANTT1600mGy'"", RERHITEEIAR

Skin Dose (mGy)

0 1000 2000 3000

4000 FERAT (PTCA) T1000mGy, FEBIR A 5 >~
MR EMTT1500mGy, TEEIRT 7L 2 b 3

Fig. 4 Distribution of skin doses at patients’ backs, behind the
thermoluminescent dosimeters during 39 TAE procedures. Median
(range, 185 to 3543 mGy).

%, 35%BLT11%THo7-.

EHERNC BT BDSANGE 1 Fld 72 ) DFE LR & NTER
1 53 & 7= 1) OFEEFRO5A % Fig. 5, 6 127”T. 1 [EDDSA
W52 X B R I3F390.3mGy (10.4~165.9mGy), & 1
5 & 72 1) OFEFEILTFH16.5mGy/min (2.7 ~64.5mGy/
min) T o7z, ZHiREHID 1 BIODSARIEIZ X 5T
iR 1351.1~122.6mGy, & 1 5 H 72 Y DFy

liver, measured by — EBEDAT ¥ FRET2500mGy'?, L
dose was 832 mGy [ Z 2 7 Jfzablation T6500~7200mGy 7,

SASRIR O 1B AR AT T HEAS400mSv' O B &

CI18Gy' "7z E DDA SNA, SEIOH
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IIPTCA L FREE L Z 2 b/, — B E4E L 5

LEWET L S5 2Gy R BA ZAERNL 2 H(5%) Tdh o 7-

2, WEh S REFH OZER L HEODSADITTh IR T

Hotz. SEOMEPITIIHS 2% EWERIIRD b ks

R E136.9~37 4mGy/min'C, HEFkHIZIZDSA 1 [H
H7c Y OFERE TRA2.41, FHERERETHR
KRS.AEDENTRD b sz,
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Fig. 5 Distributions of skin doses for one series of DSA in each institu-
tion. Mean dose in the total 29 cases was 90.3 mGy/series.

The lower and the upper bars show the 10% and 90% doses, the lower
and upper borders of the boxes show the 25% and 75% doses, respec-
tively, and the bars in the boxes show median doses.
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«mﬁg&Lf@ HEM PR B R 7 &, B DX
FWIC L AR OREN & % 2 60,

Wi SR O BE 1X5F340.04mGy & B/ X 22l
Thotz. WEBEROBPERICH LTI, Phikic X
B DOEREA TR SNz, PR AT O
HA0.15SmGy TH o 2Dkt L, Bk cit
0.005mGy & 30450 1 @I&ﬂﬁﬁ“”&b L.

Fig. 6 Distributions of skin doses for one minute of flucroscopy in each
institution. The mean dose in the total 29 cases was 16.5 mGy/min.
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