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Radiation Exposure in Radiological Clinics

Radiation Protection for Patient and Operator
in Interventional Radiology

Tsuneo Ishiguchi

While interventional radiological procedures are mini-
mally invasive and beneficial to patients, some complex
and lengthy fluoroscopically guided procedures may cause
radiation-induced skin injuries. Interventional radiologists
should be aware of threshold doses, actual dose rates of
specific X-ray equipment, and practical techniques to control
the patient's cumulative skin dose. The International Com-
mission on Radiation Protection recommends that the
maximum dose to the skin be recorded when it approaches
1 Gy (for procedures that may be repeated) or 3 Gy (for any
procedure) and that patient follow-up be provided in the latter
situation. To reduce operator exposure, it is essential to avoid

direct exposure of the primary beam to the hands in pro- |

cedures such as transhepatic biliary drainage. During vas-
cular interventions, the majority of operator exposure is
caused by scatter radiation from the patient. Almost every
effort to reduce patient dose secondarily reduces scatter
radiation to the operator as well. The overcouch X-ray tube
system is associated with higher exposure to the hands and
eyes, and should not be used for complicated procedures.
Appropriate shields help in reducing scatter to the opera-
tor.

Research Code No.: 302.1

Key words: Interventional procedures, Fluoroscopy,
Radiation injury
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X#ii#EML % 774 F £ Sinterventional radiology (IVR) iZ
BREREEZERE LTELOREBOEBIZHVOATY
b, FixOFHMOREE LI, B TiEL ) BRI R
BPHE L FEAHATENS L )12 572, WagnerbVid
19944F, W\ DA DIVRFH TEMEDOHIE {12 & 2 g
MR EOFRE LS L, KERMEES%Z4SRE (FDA)
PWEEZFE LD, ZOHBDBETHEMLTVWEYY, b
PE TIX9SHFIC HARE AR FE RV RO ESE 2 1T- T
VB A 0EMEND S EITEEIRDIVRIZ & 5 ki
MRS HE SN TS,

—%, IVREZ 1T 5 BEOEMOHIE < 13—k D R
SMIRIZHENKE L, BETREAEY A —N—F 2 —7
DXMEEDOMAIZ L 2 KBEBHOEF b HE ST
57, RETIE, IVRERATY 5 BUHRBHED T i 6 BE
B LUHEDOHIE EFR IOV TR S,

BEORIL & T DHE

1. IVRICL3HHEREMEE ) XV ER

IVRZ ST A BZOWIT T b EEL I, XEAAS
T 5B OWIRETH 5. BURHEE M REE 21X 2~3GyD
Hiiie THAT 5 WHHALTE 2 — R 2 L LA O b
EhS, 18GyLLETHAET 2RI, K& : L 0E
BLlEEEIT, —EOLEVEIHFETS. FLILD
B, B BEEENDS 1 EL EOBM % B TRE
F 54 (Table 1), IVRIZBWT, INSEHEED L vl
A LVE)FEEILETHA.

B RREED ) 2 7 2 NS 2 ERE LT, #@FE0
IVRIZ X 2812 <, PufEHIOPEA, ataxia teleangiectasia, 2
Es, REMEREGHEES, BRHEL:EBH LY. FATIED
L, REMHECHEB EBIRKEE A LA BET, LB
BYBEEOHIE 2 d 2 db & TEE 2 8 BUs D5 E D
HINTWBY, IVROMFRIIC Z NS A0 B o f k% FERE
THELENDL, FLENCIVRZ TSN BETIE,
EHEICREFHNE, X AS 5 EE 2 F—EBEA~D
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Table 1 Potential effects of fluoroscopic exposures on the reaction of skin'®.

; Minutes of fluor Minute of fluorosco,

Effect lhreAs%glrg E'Or:: Egy) Time of onset at typiocfalL:-EJ:)n:&rs(;::'p)jr at typical high dosgy

dose rate of 20 mGy/min rate of 200 mGy/min
Early transient erythema 2 2-24 hours 100 10
Main erythema 6 ~1.5 weeks 300 30
Temporary epilation 3 ~3 weeks 150 15
Permanent epilation 7 ~3 weeks 350 35
Dry desquamation 14 ~4 weeks 700 70
Moist desquamation 18 ~4 weeks 900 90
Secondary ulceration 24 >6 weeks 1200 120
Late erythema 15 8-10 weeks 750 75
Ischemic dermal necrosis 18 >10 weeks 900 90
Dermal atrophy 10 >52 weeks 500 50
Telangiectasis 10 >52 weeks 500 50
Dermal necrosis (delayed) >12 >52 weeks 750 75
Skin cancer not known >15 weeks N/A N/A

Without knowing the actual dose rate (s) of various modes off operation, an interventionist can inadvertently reach the thresholds.
Column 4 and 5 show the impact of typical (realistic) dose rates in terms of minutes required by specific equipment. Any ‘rule of
thumb’ e.g. 100minutes, should not be used, unless it represents the impact of actual dose rates'’

B BT B R EDTRELT.

TEC RSB 18 BB D FE A AR S Mo TF U, EBIARTE K
#F(PTCA), AT ¥ ki EOEBIRMEHEDIVRA R D % <
RKRATTIABEICE B LBORNBZERDT 7L — 3
¥, FINRAETCHESE (29 2 PUARAT#HIR > ¥ >~ MiT(TIPS) 3
LU RO M EERM 2 & Th A3, FHIBHTE
BEICERZ L, BLXUBYELBTINS Z &k EDH
X< OBWIMZBFRL T 5.

% { OB TEMIZEMEE BT 22@B5 2%, B
ZADHBIFAT5TH S, WEDSL IEHFHICELS
HIERANENS. RERK, LR ELHZL5EZEIIVRIE
FTETE R S EMBEZZ L, IVROERER2\VEMN
RHEDBHICERT 2 2 L bR kv, KETIHFRRIC
R L7 EH DS S Tw A%, IVREIRHRE 2L,
RS E O EEMIC DO W TEZICHELT) 2 &0
ETh5. EBBUHHEDERZESICRP) I, #Y&E UIET
TAHUEEED & 5 FHTIL 1 Gy, FOMOFHTII3GyD
WAL 2 U2BIS, #E B & PR B X USHaR & B
SZERE L, 3 Gyl LB AICIIEMEEIED A ITERL
FOBBIEE4T) O BELTWAEY,

2. BEOEMIRE DM

IVRIZBIFBBEOWIE LERLMFIC Lo TEL, £
oD B L ORI FHONBRLXHEE O EIC
Lo TREL R LD, $/, BuROXHBEE L, HITHE%
EgEMIESNSE L), XBOFEMAEHEL T HBEIICHHE L T
WA, X B OFHMEICIE, BESEHREST(TLD) %) 7V
¥ A LEEREHCEBEN, 77 bAERE LIS (H
H, BXUXEsEE IS NHER 2 EPHwWbNA
75, XaEOWBEHEALE ), 3L UREEOY A X2 EX 2
AEHAT ) IVRFH O AT, KM ORKBRENE & £ DORG

EH 1446 H 25 H

#iPHZ FRECEFMS 2 2 ST LIBH TRV, BET
13, X#oHT & BEE A X, BHERE, &6 - Hegox
W AR EDOTERP A T4 Y TRMHBREZRE TSV A
FLAWR, SHIIF—TNONE, XRDOF%EDHEHRE
&, HMBROGHE) TV A MFRT DY AT LD
BREh?, SBOERIMFEING.

IVR %5473 A BEAE, B ST 2 XHEEIZOWT,
D7 & LTI B 28 HZ (mGy/min) 7 EEEA
BBl Z N> TBLLEND L. ERETHHE (IAEA)
1, BRICBUAXEASHEOBEROTA F o ALV E
LT, #%E— FT25mGy/min, A LUV (IVRTHEHT S
F 7Y a v OEHEERE— F) O8E100mGy/min % i LT
V1519 JCRPIGH OFFER L L T20mGy/min, typical % &
B E L T200mGy/min% Fls LT A9, {R1220mGy/min
TR DEREIT - 72855, 10055 CRE MR ATEENT
B (—BYEALHE) D L 2WETH 5 2GyIET 545, 200mGy/
minDHEIEHTP105 THET 5 Z L1275 5 (Table 1), FE
EDFHICIZEROEBORERL ML I LVEETH L.

HEELHBTLDE ) TV T A AfEEET 2 W TIT - 7240
R BT A I EIRERMT OBIE < ERFAEY T, EH 1
Sy @ 7z OB ORI I3 16.5 mGy/min
(2.7~64.5mGy/min) T2 - 7z. Digital subtraction angiog-
raphy (DSA) D5 1 [\ 72 1) Ok 1L F90.3mGy (10.4
~165.9mGy) Ch o7z, F72, BHIE DD B56%H*
DSA, 44%H5EHRIZE B2HITL TH o7z, —iKIZ, IVRD
W AR ILER E R F OEESLETH 5.

IR, IVRICBIT 2 BEOXMAFHIM O EHE S L
T, BRAYIEEE - IVEFEHEAT40mGy"™, THROME
i 260~270mGy'®, F & i I O ¥ & Bh Ik 28 2 4
480mGy'”, FFEOIFEIIRZERMTITOMGy (Table 3)'¥, TIPS
400~1,700mGy"?, EBARIZEAMNT (PTCA)1,000mGy, TEE)
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Table 2 Dose limits for occupational exposure?”

Dose limits

Effective dose 20 mSv in a year averaged over
a period of 5 years

Annual equivalent dose  Lens of the eyes 150 mSv
Skin 500 mSv
Hants and feet 500 mSv

HRA 7 > N EEM1,500~2,500mGy", RENRIGHD 720
DD 7 VAW T 7V — 3 ¥810~3,200mGy>, i)
IRIEZHATS 10mGy (BT ) 3 X 0°1,000mGy (IEHE), MKk
- BYERIR 2 O ZERAMT 1,400mGy () 3 & U2,100mGy
(IEE) W4 EARE SN TWAS, 227L, Thb ol
(&, BHEEGI O S iR TO—EOFH I BT 5 T i
FLRBEAETHY, EBOREBLUFHARTICL-T
KE BT 2THEMN D 5.

3. BEOOHILE

BEOYIE KR 720 DFH LR E S % UTFITRT.
INED% I, WEOHIE R ER TS 2910,
1) SBAR R % S /NRR LS
FEHDon-offlx 7 v b A4 v F2MEHTH. BKREFHE
799, last image hold (X# & Y- 72 b E= ¥ — |28
W{§AFIR SN 5B ) Rroadmapping 21T 5, #F—F N
R EOWEIBEAT S, A F74 v —%i@ AT AT
NT =T NED2IPOL3/ATIFA LM TAL v F % B
L, ZEICL ) EHEMNEZERTLLIEETS.
2)MEBOBENERE— FEMFEHT S

BT DERE— FIZIE, "VAXEE2HEHTLH
B, E 72328 E O ) M FEX AL T Wi {§ Dupdate B
T B HERENEH L, VA BROEE, W OEH
230V R ETHIE, FHONBIZL T, EH15/3
WABBNETS/SVATHIREIITEETH 5. —HRIZFR
NNV AR E TIFNETE MR ESRITAT 5755, EBRORL
RIFEBIZL->TRL B,

NMKERELZH L2V

I EHGEREE T, FHOEHEE (image intensifier) DA
HEFEL 3~4 BRI V&2, HABHREIT) ZEHTE
. WREFISTHEHELZIVRTFHICEATRTH 255, LK
HPREVIZERERIEMT 2720, 20OMHEH, BLY
WRBELERNRETRETHD, Ty —HEZHE
PEE LT WILEICEE T 5, ENORIZMRAET 5%
EDORESHINTH 5.

) FSCRLERD 7 L — AR WS T

BHEE DI, DSABLUT 1 U7 Wl & BT <
DR S EETH 5. DSAOKME 7 L — 25T EE
B, BENZ & » TLES/NRICHE S 5. F7-#EEZo
WEILELZLDICREL, BHEELEL L2V
last image hold D& TOLH b EE+ 5.
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Table 3 Absorbed skin dose of patient and radiologist during
transcatheter arterial embolization for hepatocellular

carcinoma’®,
Dose (mGy)
Position Minimum Maximum  Mean  Median
Patient
Skin 185 3543 97 832
Radiologist
Head 0* 0.15 0.04 0.02
Abdomen
Over the apron 0* 0.89 0.15 0.06
Under the apron 0% 0.05 0.01 0*

*: not detected

5) BE B HOEHMSE IED, XEEER, S BT
BEOEDIXEERIGEW E, BEMSEEIIRE» S ol
BED "I BUEBI LTINS 5. BRIEDTHTIC % & 22 Wil
AT, B&%ETEH2TEEEET IO, XBERE
TELRETHREPSHMTVEND D, T/, g~
DHELIR DA b %572 (Fig. 1).

6) HE DRIE & X8 i EET 5

FOKE % BE IENTOXHIIATKE {, A4tEE
RITE < 2D, S HICXERAFLRLHE DB A, Xiima
PREEDSHEIN LXFRI DA 2B L L DI, XMEER s
DIEHEASE < 7% Y B MEASEINT % (Fig. 2). @Bk A >
F—NRr a3 yOREBEED 8 EL IEXB A asE
DEEIFEELTWDY, BAAEICEE LB OEBHE
3T HERETHS. T2, BEORPILELRE, &5k
MO IBFHTFIZAS 2V E ) EEILETH S,
7)HESTEF 2 kD, R TOMRSTE O EH T T 5
FHICLELRFEROAPFES ENE L), Xiay A —
YEEELT, BT EEL LI LT ARETHL, B
W2 A, BEERRIRELS VW E, XEsR
ol LTS hizE, BETFOELRY ZILT
&5Z L (Fig.3), BLUMERT A L ETHAH. 7=
2L, BIGICHRNT ) A= 3 Y ERTI E, GRS
DIFELAR S A LR DOH 2 SAME T35, ShEHi> 7
O XHEE B AT E BYAY 12 A 2 300 & & HE 4T 87 K2 i~ D8
BEVWREL BRIDTHEEILETH 5.
8) Xk O S BB

X EORTFERIEETH 5. BHB X U DX
WL ORI, E=—OHE, A A=A 570v77
A7 DH% E 2 EMMIZGR, WETLILELNS 5.

TEDWIE< &EZDXHE

1. MEOHIEDEE

WrEEOPUL X, EHEXHR (B 12 X A80E L kL
Xt (BEA) I L AT B 5. MFRIVRTIE, BED
B L UMD 5 £ U 5 HEEAE 2L OEKETH

HAEREHE F62% #7757
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Fig. 1 Source-to-skin distance.

A: Normal position. The operator should place the patient as far
from the X-ray tube as possible and as close as possible to the
image intensifier. As a function of the inverse square law, the
patient’s skin dose decreases as the distance between the X-
ray source and the skin (source-to-skin distance, SSD)increases.
B: Short SSD increases patient skin dose and scatter radiation
to the operator.

KR

B, WEMOR S IZEIERON1,0005D1TH BD5, XHA
WO B ECTERMOFHEZERICIT) &, FHFCXo
TIFRIREABZ 2 HEMEd 55, MY 2 FHOIME
MAE=F =12k 5T, BREHIT OMEMEE (Table 2) %
WP AU, FEEARETH A KSR (FPIRE) < 5 i
B BXUHMRNEETHIRNALEEED, WED
WS A EEAIIET A 2 EATTE B2,

2. MEDHIT &

JFFBIRZERRATIZ 31T B I DFER % Table 312773, 141
Bz ) ORHIRNL, HiE OBEBAEEAR AR T0.05mGy, 7
FOWETO.15mGy TH V), ZhZFNWERIL CREDY/
4008 X US1/1,00002H124 35, F72, [HERLF—VRAT
v b % EIHERIVRIZOWTAT » A OF R TIE, EHNEE
AT 15 DT BT B FHWIRER L, #iE O
KM T0.02mGy, F48 3mGy, ¥EH0.2mGyTH 72, +
—N—F 2 —TOEBEIZRE L, FETSmGy, HET
04mGy TH 72, FHeOMIE 1, &L - Tik1004F

TRk 1446 125 H

Fig. 2 Beam angulation.

A: The dose rate is least when a posteroanterior projection is
used.

B and C: Angulation of the beam results in longer paths (arrows)
for the X-rays to travel through the patient’s body; this in turn
drives up the dose rates. Angulation may also decrease SSD and
increase the skin dose. Therefore, prolonged fluoroscopy from
a single beam entry site at a steep angle should be avoided.

Fig. 3 Field collimation.

A: When large fields are exposed from two different beam angles, the
accumulated dose to the region of overlap of the fields is high (arrow).
B: Collimation can reduce the accumulated dose to the skin by elimi-
nating the overlap of the fields.

FERE D FH CH RS 1T 2 W REMEDSH 5.

FREHE (4 72 B AR ZERR AT 2 JEERIVR 1 [81d 72 0 OFirE
W RERTEHHPEEZ SNBDS, IVREMEHEH
KEMHOFHEMITT2RRIE TN TE R, TEMIC
Yo THFEPERBICREAZ L S0, BWITHIEL
ERDFEESLETH 5.

3. fiiEDOHHIE < WH

EHH OB R 51213, BT EXBOS
MAEETH L. HEMIC X 28T I121E, BB OREHT
e ssAif L A8E L, MBI BiEOZER]I, +4bb
BRI, BEEE, SERUCBT AMEFEARL LD,

1) BE OB GHGE 2 WS T,
BEDSIEAT B HESII RS E BT 5 720, BiH
DEFZOBIE AGFEE I IHEOWIT KGRI FHTH 5.
2)EHEHIC X BAF ORI 2T 5.

XBER I HFE DO TR BHEIZA Y LT VT L L
T, IBERIVR(PTCD, Wik, A7 > ML), &My v~
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A

Fig. 4 Avoiding hand exposure

A: Hand exposure to the primary X-ray beam should be avoided.
B: Field collimation and beam angulation will keep the hand out
of the beam.

h DILTRAT, FERERIEHERRDR EH B, H T — T VEREDHR
T OUL TN A DS, T—TIMLBELE ) A— % (D)
REMEL, WIS Ao TRICEEEAS LS a0 S
295, RODY—ADFHOIAEMTH L. IR AYRE
WEWGE, XEREEIT 2 L EEROPIE 2Rt az L
HTE5(Fig.4). TNICT—LDEBTEIESHTHY, @
ERDEHEBETHBEOEREEITLZ L THETH 5.
A —N—Fa—TEBEEHL 2w,

M RIVR TR EXBEE DT — T VD TFIZH LT v F—F
2. — 7% (undercouch X-ray tube system) C414oN 5755, [IHiE
RRHEEDIVRIZIZEEAT — TV D L HI2H B+ —8—F
2. — 773D X BT VEiE (overcouch X-ray tube system, I 7=
l¥overhead tube system) b LIXLITHHEN S, F—/N—F 2
— 7EBILBZEOROFH D ZEMATNE S FRIEA LR TV
T, X#EAGHMOBESATRL, HEDT-H & UTHLR () ~
DX NET > ¥ —F 2 — THBO10fELL LK &S\ (Fig. 5).
A —N—=F 2 —7HE 2R L CEMBEPIORERIVR 21T
o 7R & B KRR E T E LB MEShTE
D7, ICRPIZ A —/N—F 2 — THEBEZIVRIZHEHTRE TR
EHIELTWEY, 2l kd, RFEOBERYET LT
W7 ¥V —Fa—7THBLZFEHTRETH 5.

4) XFRAGHE A SN 7oA @ 122D

BRAELMU PEBE D "I RUEH L TIRES T B 20, BED
XBASE A SHEN LB TEEZ21T). WEEHOMK
1, XEBRAIIEELIRATRV 720, #BREE ML
Dk L, FADSAHGEEOHIE L ITREWD, EEX
FEACETRELR) BEEAREZEHTRETH 5.

5) 388 7z B B o> i
a. [T 7o
IVRIZIZPG T 70 DERPLETH 5. @HOME

2%

Fig. 5 Geometry of the equipment.

A: Equipment with an overcouch (overhead) X-ray tube results
in high scatter radiation in the vicinity of the patient, and hence
operator doses to the eyes and hands are higher. Such configu-
rations are sub-optimal for interventional procedures.

B: C-arm fluoroscopy should be used with the X-ray tube under
the patient and the image intensifier over the patient.

SRIVR T4 0.25mmI LD =70 THIIC B %
EETEB., E2, Py TATY, TyFEY, ARLE
ERL-BERT 70 SHHT, BHEBOT AL —
DXHUHF L & RS 0MEREE % b 2.

7O IEHEICEEE AT TELSERRZTERS
v, EFORLTIEIIANV I NOHL SOy 2FERL,
BT HBICHE % EIF Rl oV 2 Lod b DT
70 OEmTFRTEL, FHICEEFIIS RV
ILRLTVE, =¥ —ljEH, <&, F—TLEBHO
INY Vi ERMEDVPEI L LRE L SFICRETE BN
BEICRETAZELEETHA.

b. PhHFEAR#E

A—N—F 2 — 7B 2 HEIHERT 25121, K
an R DOWIE S B D - D FEIRGEDE R 2B 5. i
&, PLAMIFECL Y ADEHAATLELOPEE L
VW, Tr Y —Fa—7EBTRESR~OHIEIIE 2w
», REFEOF/HZMBEE LD IEIZ D EFERTH 5.

c. BhiEF48

F—=N—F 2 — T OLEE TIRERIVR % [fT§ 285 E 7%
E, FROWIEIIIEHTELRW, U F7AF U R ERE
UFREERTAILIZX o THB0% DEELME h#ET X
AW, AL, ThHDOFHIEERLERTSD0TIE
L, FEEFHLTVUEPL L Vo THERICFER2 AN
TR 6%,

d. SEERORY

SR (LRI DB DB I oW TII D H B L 25
Thb. FFIIFEEF ORISR DOHRLR LI RN
FEPHE SN TVAED, JHUTFEITMORFIC X B NERE
ELAEAT, £<UTNETHD. BADFIRIRIIFITAD
REZMEI B EIHRB EE RV, #EoT, TV ¥—F

HAERSHE He62% 715
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A, =70 OHEE Y HPRVTV ARG, WEog
MrBiET 28 s D5, —F, A—N—F2—-TEETI
TS AOBIL L A Wiz, HEHPEO NS,

e. B IfHEOMERH A

XREE IR LERBREE LT, 2) THOEHRT
7V VAR, T — 7 VORRZEY [T % EE A — T v, R
XDEGHTTAETNET 2 ) MEB LR EDH B, Thb
¥ FHOWHGTICR 5T, TBEENRLNSE LIFMATR
EHENDOHERDOBP A TH 5.

f. BEOKICEBHENL—T

JEEBDIVR % [ifT 3 A B, THEHE» S ZFWEHIZEAT
A XA MR A FEMTIER LR FL—72E8<
Zrickh, BEOK,SME AL o THHT HHELM

bEL ] 361

PERTE D, EETIINE O L EG~OHIT < AH1/10~
1301244 5 & s TwaBY,
6)AANE= ¥ —1Z & A EFF

AT =7 — I IHSHRZRIEFEOMIT CFHOIER L
HLDTHY, WIZIELLEATHLENH L. MHER
| EDE= ¥ — %2 E - 13gH o= 7o > oRMiz, b9
1 8% LIS 4.

BHYIZ

TR RHE D 3 6 B3 LAl O#E REERIZ oW T
WE L7, CNOZHESBIBVWTFICERL, LhEse
BIVRFHAERT A L)L A ENEETHA.
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