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A=y a ) )V FUARY—IZ BT BHE
(TEBRANEL, IEAFRRAVEE, BURBRED DK B EBITBRE DR
AR RS BRI — A
AR 1582012007 o KBS
FREZE /NMUEF]
HE
[Ex]

[E B A B B Z B2 (International Commission on Radiological Protection, ICRP)
118th #B) 5 ClE, ANRRIEDBIEA 8Gy 7°5 0.5Gy IZKIEIZHIE NiF bz, i
BUEEE OKEREMREREICOWTE, 20%, FEIZBWTRELMThIL TN,
A B —_ gt b-F4 Y — (Interventional Radiology, IR) 1, FAFIZE TR 58
MEL, IRKE R LTODH, BETET TR, B E2a A2y 7 ~OPIFEBREGS T
L. FBUR T, EMREIZSHREL R T, B BRYI# O SISO E R 720D
DREETHS.

(B8]

R BB E DIEZ AL D720, TERAFNELE, MRS EHE, OB R E 248
IEL?L:T/JFT%@ﬂ(EEﬁiﬁfﬁ@n‘ﬁi%/\ﬁi77/1\bkié{ﬁﬂfﬁ XD, BRI OFLRFHT
LT H ORI EEFE T 522 gL,

[5i:]

AEORETIIANAT 7 b A OSL iRt (nanoDot) ZRGATL, PIFEAT % (LLF, A
T 2)RRKH M FFA M (LUT, Biagt), B#bi#Exve s (LU, FyEy) Lo
7B B OF T EIMIE - AL 72, 7235 nanoDot 1, AN RO LA L ADSMI
(lateral side) &LPNMHI (medial side) D4 DF M (outside) PV (inside) D7l 8 A fT (B
O, SHED 1 AP, &5 9 BETIZEAHT7Z.

(R B 2]

AT AHMAL (lateral side) O (inside) ORIEMEL S (outside) KD KEL, AH
FuE AL T T AIMAIO NP ES LT RNZ e oo, ZhuX, AL AT
FOTRICED D EZ 2 BTz, AT AO FRE R (AT ITIFZNET 7 AL DRI
BRIFZDNBY, ZORRENOBELR D ARN LI2EE 2 bz, £24 B o4 w34 H 0451
N EE AT —HK SRR E DR EL, 2 BITHST A E R L THDZEN DD o7, ZHT
2B X BE BB ORELIRIGIEEL QAT 72 LB 2 DTz, SHIZAT RO/ H M
SR DR R A LRI LT Haga HOWE T, SEHMOMEILA HAMAOK) 1.5 5 Th o7z
LovL, RAFRIZEWT, R REINRA % — X 3 (percutaneous coronary
intervention, PCI-IR), DM < A B A v #—X T gl (electrophysiology intervention,
EP-IR), A&/ LA & —~ T 3 (neurosurgical intervention, Neuro-IR), HiH#REA
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B —~_ 3 (radiology intervention, Rad-IR) A AEE L7ZSHEOREAEX, T ENE
HAMAIOD 1.1, 1.4, 1.7, L7 THLHIEAHMAL . 2, 7 ab=uiZio>TRIn7 v
T Tl - R RN 2 DT, B ORE R E bk 2 2 BRI DIEO DB EL TDHh
DEHELRES . LTIZD3 T, 2R CFRERT LI T 28 8 - I R 22072,
ARIFGED LN 2 DT LK R EZRIE T 52BN Th 5.

EP-IR TII, FvEZ2EALISE, B —IFOKRBEREDNITE O 2 5Ll EEe-Tz.
I, ZEBELDIRICEDLDEE X LN, xS eERAFE R LGS, Bl
BRI RO B FICBEL T 2720, BN UBEN -5 —Bh T, B Ry s
IZHEARTHIESIRE DI REL R D ATREMED D D, LT3 =T, i idse v A HRE =
TLROAN K72 E DI BAE AT 2083700, B ST 25— B i, #i3<
BITIEF D720, IiE D 2 fFLL LS R EE 2T L% RBUTEW THiE R off
AERT T8 ENH D, Neuro-IR TlX, & FFIR A 2 - 8§ IR % (arteriovenous
malformation - arteriovenous fistula, AVM* AVF) [t Neuro-IR (ZFb | 2 1520 E DK gL A
BREThHh-o7-. ZOBHIT digital subtraction angiography (DSA) [FI%k, R 23MED F
BT T oloiobEB 2 T2 T D728, AVM-AVFE TRIERFHIRHI AT RO I
T, iR E OBER O H 75§A‘x2E’C“E§?>ZD %72 cone-beam computed tomography
(CBCT) % DSA L0b#E<EnN£<, i RITINE D EEDDIRBE TERWGE, iiF o
RKER AR 2 5705, LiedioTC, CBCTTﬁi‘ SR AN IS E N DIRRE T A LN
L. R LI . 3 PRTEIR 1% LD H DA e AR 357280 D CBCT ks, 2B DR A
B TITONLZENZ . 2O, BATEEAKELS, BELRAZ<HBAET DD T, R
(T LA D AL 7 DEEE N+ I3 BN D Z LB L E X BT,

Rad-IR D& 47— /VENIRIL - FE4e 7 (transcatheter arterial chemo-embolization, TACE)
(22T, CBCT BRI B A 2D SIS T 55, 1 BldT=0 O D7k G iR

X, thoBZHEEIO IR FELOVE /NS0 o7z, BURBRENCIE, i 3 EE DR GL D)
EIT, [MIHREE D F/25 2 FiFED CBCT £—F (close E—R & open E—NR) &Iy 1)
TW5. 2 TORE FIZIBWT, open E—RId close E—RIZHA, 78 O/K B IRHR &K
10~40WEJ 92 Z&A3TET-. TACE Ti, EZAIZ FE TIEAT S CBCT fRig ezl iy
%ﬁiﬁﬁﬂ%ﬁﬁ%ﬁ%ké\_&ﬁ)f‘%@b\ B, B EDN &SR D ATREMED DD, TJFT%OWK
mn AR B2 AR T D7D 1TIE, AT ROBEER O AN A T, CBCT Oy
*‘F‘%%Eﬁ‘é%%ﬁ%é&%i%hk

BIREAR DBLE ORRET T, M8 OKSEOEmESH 150 cm DEX, PR Find @S
165 cm D EIE, 155 cm DFEITIEAATHEIT SRR 80~90%EFLL 7=, Zavik, b5
MHDOBELROEBIZI DL D EE 2 L. LTE> T, MDD BELRR D22 K
T 572D, PR B il g oS BRIV E<RDIDICHETHIENEELLV. LinL,
WL L TETITERL, THEHEENCT LRI ENH-TIebiW. 22T, L
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FHROT T 78—y RO FICROTT O —T el 20T 228 Caaabiiég
L, #RIE<SHREA RS T 2 HERESND. ilid LB & DIRREAS 20 cm DA1E, 30 cm
DT A THIT R E D T0~80%EIH L 7=. ZAUIX EP-IR O — B B3 E L0 # =
MREDPSTEHTHHY, BEMO L EHELNIRK ThHHEE 2 bl BB DT
WIZ, TELEMTE OB R E AT 22BN TH D, R o K 5 A
(DWW, RIZRIU TR TR B 7 A Z0H I E B A 80~90% (KL 7=. Zi
I, BHAEARZ AT 5 TN BLE LT 5 28, I DO KELIRZ B ZE M TEIZT-b EE 2D
iz, RO A EELEZBND5A1E, BNSOBELRRZ T2, PR E KL
THHTHZENHERS NS, PR E Y RO EEN 0 cm OBEIE, BIRE YRS
FEBED 20 cm DFAITEHEAT, #HIEHERED I 80~90% b L7, Ziuld, BELER A o R
EER OB ORI O AR T 5720 LB 2 BT, L7z, Xy R EBL#ER D ORI
ZTELIET/NSKL, BENOOBEMREZ Ty N CELIDICERERLE T HZENMET
H%.

[#3E]

PIRBL O B FHILITINE OKBIERENRRLENDhoT-. ZHFEFHIL-T
327 v ha /L OB RGBT RN B> TRY, BHRERE O RS B2 5729,
AW FRD LT LK EEZNE T 2N ERDHLEZ 2 DV, T, £
HE HL OB T OB EMR O BN 722 T EEZ B DN UTARIFRI, I8 21300,
WU EBEFEH OKBEREDEBICHIRTEDHLDEE 2 bz,

1l



Examination of lens exposure doses of cardiologists, neurosurgeons, and radiologists in
interventional radiology

Program in Radiological and Medical Laboratory Sciences

Mitsuharu Osawa

Academic advisor: Shuji Koyama

Summary

Background

The International Commission on Radiological Protection (ICRP) 118th Recommendation
significantly lowered the threshold for cataract incidence from 8Gy to 0.5Gy. The lens equivalent
dose limits for radiation workers have been revised in various countries. Interventional radiology
(IR) is less invasive than surgery and is widely used, but there are concerns about radiation
exposure not only to the patient but also to the staff, including the operator.
Purpose

The purpose of our study was to measure the dose near the operator's lens using a human
phantom, assuming a cardiologist, neurosurgeon, and radiologist, to calculate the operator's lens
dose for the main procedures in each department, and to help manage the operator's lens dose.
Methods

In this measurement, OSL dosimeters (nanoDot) were attached to the human phantom, and the
results were measured and evaluated with and without protective equipment such as protective
goggles (glasses), ceiling-suspended protective board (protective plate), and radiation protection
cabin (cabin), respectively. The nanoDot was attached to the lateral side and medial side of the left
and right lenses of the spectacles at eight locations (the center and sides of the face) and one
location on the neck, for a total of nine locations.
Results and Discussion

Measurements of the inside of the right eye spectacles were larger than those of the outside of the
spectacles, indicating that the inside of the right outer eye was not protected even when the
spectacles were worn. This was thought to be due to the shape of the spectacles used. There is a gap
between the human phantom and the bottom and center (around the nose) of the spectacles, and
scattered rays were thought to have entered through this gap. The left outer lens of the left eye had
an order of magnitude higher lens dose than the right outer lens of the right eye, indicating that
radiation was concentrated in the left eye. This was thought to be due to the proximity of the left
eye to scatterers such as X-ray tubes and patients. Furthermore, in a report by Haga et al., which
compared the dose to the outer left eye and the neck of a spectacle, the dose to the neck was
approximately 1.5 times greater than that to the outer left eye. However, in the present study, the
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neck dose measured in the cardiovascular (ischemia), cardiovascular (electrophysiology),
neurosurgery, and radiology departments was found to be 1.1, 1.4, 1.7, and 1.7 times that of the
outer left eye, respectively. This was thought to be due to differences in fluoroscopy and
radiography conditions, including additional filters, depending on the protocol, as well as
differences in various factors such as radiation quality. Therefore, since the fluoroscopic and
radiographic conditions used for each procedure differ in each department, it is ideal to measure the
lens dose for each individual condition as in this study.

In EP-IR, the first assistant's lens dose was more than twice that of the operator when the cabin
was used. This was thought to be due to the multiple scattering effect. When a protective device
including a cabin is used, the scattered rays are scattered around the protective device, and the first
assistant who is a short distance away from the protective device may have a larger exposure dose
than the operator who is close to the protective device. Therefore, the operator does not need to use
protective equipment such as a lead apron or glasses when using the cabin, but the first assistant
who 1is adjacent to the protective equipment should consider the use of protective equipment,
bearing in mind that the radiation dose to the first assistant is more than twice that of the operator,
although the exposure dose is very small. AVM * AVF was more than twice the lens dose compared
to other Neuro-IR procedures, possibly because the number of DSA and fluoroscopy time were
higher than for other procedures. Therefore, the use of protective equipment such as protective
plates is essential during AVM * AVF treatment, especially in addition to the use of glasses. CBCT
has a higher exposure dose than DSA, and if the operator does not evacuate during imaging, the
operator's lens dose is approximately twice that of DSA. Therefore, the operator should leave the
room during CBCT. In particular, CBCT imaging to confirm the presence of cerebral hemorrhage
after endovascular treatment is often performed at the maximum field of view of the device.
Therefore, the radiated area is large and scattered radiation is frequently generated, therefore it is
necessary for the operator and other staff members to leave the room well before imaging.

For Rad-IR TACE, the operator's lens dose per case was smaller than that of IR procedures in
other departments when the operator was evacuated during CBCT imaging. The radiology
department uses two different CBCT modes (close mode and open mode) with different rotation
trajectories, depending on whether the operator can leave the device or not. At all measurement
points, the open mode reduced the operator's lens dose by approximately 10-40% compared to the
closed mode, which may result in higher radiation doses when the operator cannot maintain a
distance from the device, such as during CBCT imaging when the contrast agent is injected
manually. To effectively reduce the operator's lens dose, the mode of CBCT imaging should be
considered in addition to the use of glasses and protective plates.

In the study of the placement of the protective plate, when the height of the operator's lens was
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150 cm, the height of the top of the protective plate, 165 cm, reduced the exposure dose by
approximately 80-90% compared to 155 cm. This was thought to be due to the effect of upward
scattered rays. Therefore, to reduce the effect of upward scattered rays, it is desirable to place the
upper edge of the protective plate higher than the height of the operator. However, the operator
should not concentrate only on the upper body and neglect the lower body. Therefore, it is
recommended that an L-shaped protector or a protective curtain attached under the bed be used to
protect the entire body and reduce the radiation dose. The distance between the operator and the
protective plate, 20 cm, reduced the dose by about 70-80% compared to 30 cm. This is also the
reason why the first assistant in EP-IR had a higher dose than the operator, which may be due to
multiple scattering of scattered rays. For radiation protection, it is necessary to use a protective
plate as close to the operator as possible. The longitudinal angle of the protective plate was about
80% to 90% lower in the horizontal direction than in the vertical direction. This was considered to
be due to the fact that the horizontal placement of the protective plate prevented scattered radiation
from the sides of the plate. If the angle of the protective plate can be changed, it is recommended
that the board be used in a horizontal position to prevent scattered rays from the side. When the
distance between the protective plate and the bed was set to 0 cm, the exposure dose was reduced
by about 80-90% compared to the distance between the protective plate and the bed, which was 20
cm. This was thought to be due to the fact that the scattered rays enter the bed through the gap
between the bed and the protective plate. Therefore, it is necessary to make the gap between the bed
and the protective plate as small as possible and to position the protective plate in such a way that
scattered rays from the patient can be cut off.
Conclusion

It was found that the operator's lens dose was different for each of the major procedures in each
department. Because the fluoroscopic and radiographic conditions of the protocols used by different
departments differ, and the ratio of fluoroscopy to radiography also differs, it is necessary to
measure the lens dose for each department as in this study. This study, which clarified the
difference in the protective effect of various types of protective equipment and the appropriate use
of protective plates, was thought to contribute to the reduction of lens doses for operators and other

radiation workers.
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BI1E Fin

A B =g )T 4 Y — (interventional radiology, IR) 1%, #MEHY FATIC TR
BEPEAMERNZD, IRKAWVBITVLS D Lasl, IR OFRR R, BEBLOARY YT ~OEN
HEHR XS TH D 29, 2012 O [E BE A S BRBI 2 B4 (International Commission on
Radiological Protection, ICRP) @ Publication 118 T, HWNEIIEDFEZ 8Gy 2°5 0.5Gy (2
T, BORRZEBEEE OKEIROFHR =R A 20 mSv/AE (5 4RFE) (ZHIBRL, Ve
24 50 mSv ZHA NI L D, ANBEOBIENZE BT /a7 B EL T, FI25 2
DETHND D1 D BITETLWIREHR A AL 5 A2 B R S, ARNEOR R M B2 L,
2 O BTSRRI A E L2k, 3 0 BRI AR ANRED & 21 3R IR 1IC LD
T AN TIY, LARNIHIESHE, 2~3 FTHRIETHEIIL TN, Sl D% LT
KRB 30 = LL ETHDHZEIHIAL 7228, 40 B 1T RO B IENE D BB O E B N
Bt (R & A NBEE) OB NASEE Z D2 EAVHIBA L7228, 5 -2 B I3RS IRIZ kD i 2200 7=
IR FHIERDIE AN -T2l (B TOKEEED AP R R EME A NFE~ETT228)
Th%. SHIZ, 2013 4D ICRP @ Publication 120 ZIBUWNT, (LMEHEILD A 2 —~_vai3
HIMETNZHY, B DEREIEDOF T RERFNGZ L TWDHEL, HEHER BBk
A B —~_ 3 (percutaneous coronary intervention, PCI-IR) [X/EH O#EIXDERK L7025
AIREMENHHEL TS, PCI-IR 2L a5 BB AT (electrophysiology intervention, EP-IR)
T, B & (e & S ) 23 m <720, BUBRRE R A DY AT D @ E£5 ATRENE
N5, IHIZ, ZNOHD B AR ETH TlE, A%y 7 NG R EICRSIND TREMER S5
810 L7223 C, KGR IR RIS, M Pl AZ 7 DK AR Z G R X< BF & 7
HTEBMEN > TETWD. ST, ICRP DENE IZHESToK S KR B DRI E L E BRI DU T
SOMDMFFERHRESITND. NMET 7 b LZ FWTZRNE S, FEERORIRELY; TOAZ Y 7T
FDMERE, 1 DOBFERTOK BB EDOREIZEI T O IEN LIRS TND. DR
TLITER - B SRR, BRI EOWNRP R D720, HZFERO IR ED
KB EZFC AT ATHEL, R THIZENEETHL. MEFHIOWTE, KEEED 3
mm AR B EEHE CE AR EF (UUT, AREEHBRERD 2 HWEERS > 9055723,
R HHBRFLDS 0.1 mSv THY, B B2 L7256 O IE<EREIC L ORI LE TH T
—J5C, SRV Ry A (optically stimulated luminescence, OSL) #R&: 7t Cd% nanoDot
L1203, FRHBRAS 10 uGy THY, KBEHBREZE HWO5E LI LT, X o FUEGTRERH
ZRITELDT, A S T E O KSR EZAE T 2ZEN e THL. BRIz oW
T, PR R0 K BOBRER DL LY, 2297 OIF BE IR TEHZ A ST
WD LnL, €O YIZRRLE B DR S (3, o DEE R A TSRO T
R v B DO LB B dY, TN OO BA 2281280, i i3 <##
EIEINODELN2L, FHRRB AR I L DH8TT, ESICLDEFHIRE &5 19,

AAFFETIL, MEERARNEL, AR AL, BOHBREND IR E DK IR O X =AM
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THIEE HIELTe. MET 7 b AZ AW TKEANTITIZ nanoDot ZREFTL, B HAg ks
A MR DR B2 E I L7z, F7z, BIRgRDORLE 228 2 THTE DK I s T
M (LU, ARAR AR E) ZHIEL, Rl E ka2 EL.



B2E ik
2-1.4% FIBgAE

PCI-IR (Z(Z, flat panel detector (FPD) #5#D/ A7 L — & i 25 Azurion 7 B12/12
(PHILIPS, Netherlands) % i § L 7=. EP-IR (2%, FPD #& $JZ ? Artis Zee BA (Siemens
Healthineers, Germany) /A 7'L— ML i HeE 4 FH L 7. ki3 digital angiography (DA)
C 7.5 frames/sec, %13 3 pulses/sec, field of view (FOV) A X1d 32 em (ZERE LTz, R
SBL A —~_ 2 ar (neurosurgical intervention, Neuro-IR) (Zi%, FPD #A%ﬂw) Artis Q twin
(Siemens Healthineers, Germany) /N4 7L — M i S E A H L 7-. 213 digital
subtraction angiography (DSA) 4 frames/sec, 23 7.5 pulses/sec, FOV 1 X1X 32 cm & 16 cm
%Zffi FHL7=. cone-beam computed tomography (CBCT) ® FOV $A X% 41E 41 48 cm & 22 cm
.

TR A 2 — 3 (radiology intervention, Rad-IR) (21X, FPD #5#{ D> 7 /17
L — ISR E Azurion 7 C20 with Flexarm (PHILIPS, Netherlands) Z{#fHL7-. #iid
DSA T 2 frames/sec, % fild 3.75 pulses/sec, FOV 1 X1 22 cm Z 7=,

OSL #tEFHE nanoDot (BT XU 7, HAR), wtABVEEE L micro star(E#E7 207,
AAR) 2 U7z, BE S~ T nanoDot DR T ERIEZ FEIGZRWEINTERE LD, A
WFSE Tl IMEZ B JEL T 100 /3128 — L7, #EEREL T, 300 x 300 x 10 mm @ poly methyl
methacrylate: PMMA CRUAEBEFT:, HA) %2 20 H AW, B BIZ O\, BIREAT RIZ 0.07
mmPb D/X )T — /LR (LUFAH %, K, BA), RHVE#RIT 0.5 mmPb O~—t>Z X
BN (MAVIG, Germany), 2 mmPb O #RBL#Ex vE L (LU T+, CathPax LAMER
PAX, France) Zfli L 7-.

2-2 4% DK L R B DO
a) PCI-IR #ff#&

WHEZRE LT AL AT R e T NET 7o b a2 B &, P el U546 L e
FEHLARWGEOREZZENZENATo T2, AT ROLEEL ZAOIMEl (lateral side) &P
(medial side) DF4 DFME (outside) LN (inside) DRt 8 WHTESEES 1| BETDOAFH 9 APTIC
nanoDot ZHWfHi7-. (Fig. 1).

L AN (medical side) D4ME (outside), NI (inside) DHZITHREIL, &4 LEA D
YL U, F e, BMERRTIRE (LT 4B O/L—F AT nanoDot O FRRIEA
TEBZRNEIC, BREREZ EfR AT O 2 7R T/ (Table 1), ZOREREEZRIEL.
FER, et 3 EHIEL, ZOFHELR MUz, 52 COREMZ k3285,
PIE A B R 100 5370 DEIHBE L, & HIE S COME A 23 L 7-.

—4, PCI-IR DHHELTIE, i QKA EZFHLL9 < 272012, &L 10 55720,
DA T 1 73870 DEITHAR L 72, 2 B0 /Efuin%1%@%7‘:@@@%%&%&;6, B i

3



% (coronary angiography, CAG) 9 43, £ FeEE) k1% —-X T a3 (percutaneous coronary
intervention, PCI) 40 73308 1 BV OHREIFE] (7.3 7)) 7225, CAG LU PCIHSEF]D
Wi B DK SRR EHE T E AR H L72. nanoDot O FIREZ FEISZRWIDICHIEE 3 [A14T
VY, EONEIIA D E D NS N HWT LT,
CAG 1 JEBIBHT=0 DI DK A EZ RN T 5720 OFHRAUL, LLFO&FTHD.
DAodirections + Fluorogmin ... (1)
DAodirections |55 T T OWIESEDOEF (1 F7161: 7.3 %9 J711]), Fluorogmn (% 9 43 M D 1RAR
ZNY
PCI 1 SEBIB 72 DT DK AR EZ R 35720 OFHRAUL, LUFOAFHTHD.
DA 36times + Fluorosomin ... (2)

DAsetimes 13 9 F7 MO EDFEIHD G536 [8], Fluorosomin 1 40 43 THIOZ MR EA 7~
ML mGy THEARSNDDT, mSv (ITHEAE T 5720, BEHINEREELT 1 2% 0T
B B oM BRI L, 4505 O RA i U, BrERpRERIE, (B RS0
HEME—PRE RN ORE) / B EAAOREM X100 TR LIz, £/, STHREK S AULE;

(ZEAMAN) DM E % i LTz,

e

b).

Figure 1. a) layout of dosimeters, b) radiation protection cabin

A small arrow in a) indicates nanoDot, and a large arrow in b) indicates a protection cabin.



Table 1. Routine angles used at our facility (percutaneous coronary intervention, PCI-IR)

CAG angle (left coronary artery)

RAO30°CRA30° RAO30°CAU30° CRA30° LAO40°CRA30° LAO60°CAU30°

CAG angle (right coronary artery)

RAO30° LAO30° RAO30°CAU30° LAO40°CRA30°

There are five directions for the left coronary artery and four directions for the right coronary
artery.

CAG, coronary angiography; RAO, right anterior oblique; LAO, left anterior oblique; CRA,
cranial; CAU, caudal

b) EP-IR %

a) @ PCI-IR i LRI IET, Mg ARIEEENT (pulmonary vein isolation: PVI) &FEMfiEfARRE
BIEIT (none of pulmonary vein isolation: non-PVI) DFffF DK SL AR EHE EEZFEH L=, H
EA LT, HFET PV, FE PVI Z1T9BRICAE AL TV % RAO30°, LAO45° TIT o7z,

PVI 1 FEGIHT-0DOWH OXK AR EA BT 57200 EAL, L TFO&EFHTHD.

DAétimes + Fluorosemin ... (3)
DAstimes (32 7 HI OIS & (0.67 7)) DF-EfEx6 [MIOKFN, Fluorossmin 13 36 47 D75 i

TR

I PVIIEGI D 7= 0 DA E OIK AR A R 5720 DFHERL, LFOAFHTHL.

DAiimes + Fluorozomin ... (4)

DAstimes 13 2 7 TIOBIELE (0.67 F) DIFEEIEX9 [E153 DA F, Fluorosomn I 30 53 IO FEHAR
BERT

%IS%T* %, EP-IR RRZF YU 2322035720, PisERICNZ T, Frer oAl

B LA LW GO E OKEEBEZRIE L (Fig.l). -, iFELEble, H BT

FAEL ORI EZIELZ (Fig2). P H7pe L TR EERIELIZ, %\f%ux,\
LI G G OKSEREZRE L. Z2D%, TNOOMEZ B OKE AR E TIER
kL, Bisg Bosh oz thishiat Lz,



a). Layout plan seen from the front b). Layout plan seen from the front
(operator) (first assistant)

190cm

150em

cabin cabin

¢). Layout plan seen from the ceiling d). Layout plan seen from the ceiling
(operator) (first assistant)

operator first
assistant
cabin

Figure 2. Layout of the cabin when in use electrophysiology intervention (EP-IR).

a, ¢) Operator, b, d) First assistant. The configuration is for EP-IR

Layout plan seen from the front Layout plan seen from the celling

Protective
plate

Protective
plate

45 cm

.
3! ' operator

Figure 3. Arrangement of IR neurosurgeons during lens dosimetry. The figure refers to
neurosurgical intervention (Neuro-IR) procedures.
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Table 2. Number of radiography and fluoroscopy time in each clinical department
a) PCI-IR

No. of radiography (DA) Fluoroscopic time (min)

Coronary angiography 9 9

Percutaneous coronary intervention 36 40

b) EP-IR

No. of radiography (DA) Fluoroscopic time (min)

Pulmonary vein isolation 6 36
Non-pulmonary vein isolation 9 30
¢) Neuro-IR
No. of radiography Fluoroscopic
Oneshot  DSA CBCT time (min)
Cerebral angiography 0 8 1 9.7
Coil embolization 7 21 3 38.8
Coil embolization (stent assisted) 13 20 4 38.8
Carotid artery stenting 4 9 1 21.6
Cerebral vascular thrombus retrieval 4 12 | 24.0
arteriovenous malformation*
arteriovenous fistula ! ¥ ’ 37
d) Rad-IR
No. of radiography Fluoroscopic
DSA CBCT time (min)
Transcatheter arterial chemoembolization 12 6 35.6




DA, digital angiography; DSA, digital subtraction angiography; CBCT, cone-beam computed
tomography; PCI-IR, percutaneous coronary intervention; EP-IR, electrophysiology intervention;

Neuro-IR, neurosurgical intervention; Rad-IR, radiology intervention

¢) Neuro-IR 73

a) D PCI-IR & LRUTTIET, 6 DOFH MM EHRE, 2 /VIERIN, 2V IRl (X7
VT VAR), SEIRA T MAET (carotid artery stenting, CAS), M I /& A2 BT, BhER
RAFIE - EEFkE (arteriovenous malformation - arteriovenous fistula, AVM+*AVF) ZEfeffi | =&
(2, M ORI EHEEME AR HE LTz (Fig. 3). & PINOIRE RIS EERIRI S Table 2 12
9. AVM-AVF (IO e bl LT, DSA #RiZa3, @ Hlr s 2 B mch 7=, 1, E
g EmE GO 2 HiaTRIEL:.

d) Rad-IR #7%

a) ® PCI-IR & ERICHIET, AT —T /VENR(L - ZE427 (transcatheter arterial chemo
embolization, TACE) 1 [El&7=0 D OK AR EZ R HL7-. WIEIXIER 0°T{To72.

TACE1 JEBISB 7=V DI E DK SR EEZF N T 5720 O EAIT, L TOAEFThH5L.

DSA 126imes + F1u0ro3s.smin + CBC Tstimes... (5)

DSA 12iimes (5 DSA #iREZHFRH (10.0 #2) x12 [A], Fluoross.emin I 35.6 57 DB AR &, CBCTetimes
I% CBCT ## &6 [M1% 7R~

TR CIX, IR 232 E D DL O H7E 50> ClalisfaE O #4725 2 Fi%H0 CBCT (close
E—R&open E—F) ZHEHL TS (Fig. 4). ZNENDOE—RIZOWT, i O/KMBATRE
ZHIE L.

a). b).

end ..

210 degree collection 210 degree collection

Figure 4. Two cone-beam computed tomography (CBCT) modes with different rotation orbits;
a) close mode, b) open mode. The configuration corresponds to radiology intervention

(Rad-IR) procedures.



2-3.B5#R DB E D FEAT

BIRER DALIE A ZE T LT 356 O ORISR &2 3 E L, BPiai o i 7o Bl & 2 Bt L
7o (Fig, 5). FfL7cDi%, Ptk Bimoms (JirE o B OmS% 150 cm HGEL T 155 cm &
165 cm), #738 EBAFER O BEE (20 cm &30 cm), BHERO A E (FEELEACE), Bi#ERE~Sy RH
DR (XY RXV20ecm & 0cm) D 4 THH THD. 4 DOIE B FHZ U DV TK R AR &2 1
EL, Lz,

a). Examination of the height of the protective plate

Protective plate Protective plate
(high)

-

=

b). Examination of the distance between
the protective plate and the operator

Protective plate Protective plate
(far) (close)




¢). Examination of the angle of the protective plate

vertical horizontal

d). Examination of the distance between
the protective plate and the bed

Protective plate Protective plate

(close)

Figure 5. Exposure dose to the lens of the operator following a change in the placement of the
protective plate.

(a) Examination of the height of the protective plate, (b) examination of the distance between
the operator and protective plate, (c) examination of the angle of the protective plate, and (d)

examination of the distance between the protective plate and bed.
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BIE R
3-1.907 DK S AR B D AT
a) PCI-IR i3

FARE SUCORERE K% Table 3~5 127”7, Table 3, 4 K0, LU XD DK EAKIHEIL
LU ADAMEIZ R, K 60~80%LL ETHh-7=. AL, 5 H DMl (lateral side) DFREIZDOU
TIE, VAN (inside) OHIEEIFZL > X4 M (outside) DOPNEMIZ LR TREL, AT 1%

DT THA HONEIIRESIL TV W e b7z, Fefii#EREFE LGS, AL X
W ORI EMEITA L A E DOREE LS S <AROEMIZH 7275, HEMERIT 332%0°6 125%
(ZJA L7z (Table 4). VT, A ORRES LBILT- (Table 3, 4). PR LeWGE,
FEANH ORI OFRELY 1 @<, 2 B ITHEHRAEE R L TWAZ LN 055 (Table 3).
UL, B LIZGE, A OFIMERRED 2T 9 505 1.5 I E 72 (Table 3, 4).
EBIZ, AT RO EAEESHOME A I LI 25, SHEROBREIIBHEAN KD L5 H DRI
1.1 {5 CTHHZENHEFLSALIZ (Table 3).

Table 5 XV, Btk & AL72356, SREARHEERITH 90%LL ETh o7z, FI-PhEAT 1O
BRI 60~80% THY, f%ﬁ%*)i@ﬁiﬂ% FAT XLV RBITHLZED DT,

Bk BAe L, e AMAIDBTH#EAT RN F TON—F 2 f B OB TE RS A Table 6 (74 JE
fl1% nanoDot DR FIRMEZ FEILZRNEIICLT, BHIZ 10 5T, fRgid | T LicHmEL
7o EMEA b D272 D1E LAO 60° Caudal 30°, Eﬂﬁfiz‘pof: DIZ RAO 30° Caudal 30°C,
BRET O BT ENE I 23 %, K9 60 5 ThH-o72. CAG 1 1 flH7-0 0.071 mSv, PCI
1% 1 18729 0.32 mSv THY, ICRP @ Publication 118 D3 HELET2 20 mSv/4-CTH i Al BEZ2 R
BIIENEN 281, 62 1 ThoT-. 723, FEEOBKTIL, AR ZEHLIZSGE, 20
B FERAEAS 0.1 mSv THY, it FIRE (CAG @ 1 JEFIBHZY 0.071 mSv) & FlAlV, Ak
MEDFRDZ LTI D.

Table 3. Comparison of exposure dose to the lens at each measurement point (mGy, without
protection plate)

a) converted to 100 minutes of fluoroscopy

Right Right Middle Middle Left Left Neck
ec
outside inside outside mside outside inside
PCI-IR 0.310 1.340 2.290 1.040 2.890 1.270 3.230
EP-IR 0.055 0.262 0.380 0.140 0.384 0.185 0.531
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b) converted to 10 minutes of DA

Right Right Middle Middle Left Left Neck
ec
outside inside outside inside outside inside
PCI-IR 0.160 1.160 2.085 0.475 2.680 0.89 3.040

PCI-IR, percutaneous coronary intervention; EP-IR, electrophysiology intervention; Neuro-IR,

neurosurgical intervention; Rad-IR, radiology intervention

Table 4. Comparison of exposure dose to the lens at each measurement point (mGy, with

protection plate)

a) converted to 100 minutes of fluoroscopy

Right Right Middle Middle Left Left Neck
ec
outside inside outside inside outside inside
PCI-IR 0.040 0.050 0.150 0.055 0.060 0.010 0.100
EP-IR 0.013 0.038 0.046 0.037 0.023 0.012 0.071
Neuro-IR 0.020 0.130 0.380 0.050 0.040 0.050 0.160
Rad-IR 0.0140 0.024 0.078 0.015 0.014 0.006 0.070
b) converted to 10 minutes of DA
Right Right Middle Middle Left Left
. . . . . . Neck
outside inside outside inside outside inside
PCI-IR 0.060 0.180 0.305 0.075 0.140 0.040 0.260

PCI-IR, percutaneous coronary intervention; EP-IR, electrophysiology intervention; Neuro-IR,

neurosurgical intervention; Rad-IR, radiology intervention
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Table 5. Dose reduction rate (%) at each measurement point with protection plate

a) fluoroscopy

Right Right Middle Middle Left Left Neck
ec
outside inside outside inside outside inside
PCI-IR 87 96 88 93 97 99 96
EP-IR 76 85 84 85 94 94 87
Neuro-IR 93 84 92 88 93 93 94
Rad-IR 90 95 91 94 98 98 94
b) DA
Right Right Middle Middle Left Left
Neck
outside inside outside inside outside inside
PCI-IR 77 84 85 84 95 95 93

PCI-IR, percutaneous coronary intervention; EP-IR, electrophysiology intervention; Neuro-IR,

neurosurgical intervention; Rad-IR, radiology intervention; DA, digital angiography

Table 6. Lens doses for PCI-IR
a) Lens doses (mGy, left outside of glasses, no protective equipment, converted to 10 minutes

of fluoroscopy and 1 minute of exposure) at the routine angles (PCI-IR)

RAO30CRA30 RAO30CAU30 CRA30  LAO40CRA30 LAO60CAU30 RAO30  LAO30

Fluoro
0.041 0.007 0.080 0.024 0.160 0.019 0.007
10 minutes
Exposure
0.033 0.003 0.061 0.019 0.182 0.012 0.003
1 minute

On comparing the highest dose "LAO60° CAU30°" and the lowest dose "RAO30° CAU30°”,
the dose difference was approximately 23 times and 60 times higher in fluoroscopy and

radiography, respectively.
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b) operator's lens dose per CAG and PCI case, and number of examinations possible (left

outside of glasses without protective equipment).

No. of treatments available within the ICRP recommendation

Lens dose Before ICRP118 After ICRP118
(estimated recommendation: recommendation :
value) 150 mSv 20 mSv

CAG

0.071 mSv 2112 cases/year 281 cases/year
1 case
PCI

0.32 mSv 468 cases/year 62 cases/year
1 case

RAO, right anterior oblique; LAO, left anterior oblique; CRA, cranial; CAU, caudal; CAG,
coronary angiography; PCI, percutaneous coronary intervention, ICRP, International

Commission on Radiological Protection

b) EP-IR #ii&

PCI-IR E[AIAE, nanoDot DA FERIEA T [EIHZRNIS 2R MEEAT 7. LA E ORI E A
HLNC, BhERh RO B4 Table 7 (27597, Table 7a 1%, Bhi# HAf LW GA O KRR
TESMELIZEED, & P5# B BMTHEAL5E ORI RO XHE, Table 7b 1X, B
B ALZRWGA OKEERBRETIER(ELIZEED, PR AH %+ F5#R) 20 A LT3
B OKEEREEDOFRHEZ L TS,

FrE UL, MOBFEE (AT X, i) Kb 2R B Em W enbhiolz. LaL, iR (2
X EBTHERR) OB E DRI, T OBENRITEWVE D Th -7 (Table 7). £z, ¥+
EUER R LIS A ONE LE — B FoKBEREEL, PVI LIE PVI TEREARHLZ
(Table 8) . ZILHOfEI, BIEMEE 1 FEFIHT-VOMEITHR LT-728, FEFITIR ML /a7, FF
FAUZHOWTIE, PCI-IR EAEE, PVI, FE PVI 1 JEGFIEH 720 DA DK S AR e il 2 5
L7z, FERITED NSNS, F—BFOKMEEREIL, WFEELTED 2 5L EThoT.
ICRP O Publication 118 PTHELEXILTUND 20 mSv/AE TN nl fE/ A H L, & 2% PVI T
50,000 {4, I PVI T 58,823 1, MiE 3 F v 2 LT85 D% 1 BT+ ki rlRE7Z R A5k
I, PVI T 21,276 4, 3E PVI T 25,000 172 ->7= (Table 8).
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Table 7. Lens doses for electrophysiology intervention (electrophysiology intervention, EP-IR)

Measured value
Relative value
(left outside: mGy)

Without
) ) 0.384 1.000
protective equipment
Protective glasses 0.185 0.481
Protective plate 0.008 0.021
Protective glasses
0.005 0.013
+ protective plate
Cabin 0.005 0.013

Relative dose for each protective equipment when the dose without protective equipment is

normalized to 1 (EP-IR)

Table 8. Comparison of lens doses between the operator and first assistant (from left lateral
measurements) (electrophysiology intervention, EP-IR)

a) Operator’s lens dose without protective equipment

l'Left outside |Operator's lens dose

(Without protective equipment, mGy)

Number of treatments

Procedure name Fluoro DA Total ]
available
PVI 2.9x10° 0.3x10° 3.2¢10° 625
Non-PVI 24%10° 0.45x10> 5 85x10> 702
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b) Operator's lens dose

lLeft outside] Operator's lens dose

(when using the cabin, mGy)

Procedure name Fluoro DA Total No. of treatments available
PVI 3.8x10" 0.2x10" 4.0x10" 50000
Non-PVI 3IX10° 03x10" 3.4x10" 58823

¢) Lens dose of the first assistant

lLeft outside] First assistant's lens dose

(when using the cabin, mGy)

Procedure name Fluoro DA Total No. of treatments available
PVI 8.9x10” 0.5x10" 9.4x10" 21276
Non-PVI 7.3%10" 0710 8.0x10" 25000

Although the doses were low, the first assistant’s exposure was more than twice that of the
operator.
PVI, pulmonary vein isolation; Non-PVI, non-pulmonary vein isolation; DA, digital

angiography

¢) Neuro-IR #ff#&

a)D PCI-IR i L[RIAEIS, 6 DO FE DM E OK AR EHEEMEEZFEH L. 1 5B
FOK LA E (CBCT RN DML 72354 C, P EreL, Z2FMAICHIE) 1%, Ak
B, IMENIREE = A L ZERR AN, IMEhIRIE = A V2RI (R T 7T AR), CAS, BdIm A A
[T, AVM« AVF ZERATAZNZ4 0.58 mSv, 0.71 mSv, 0.74 mSv, 0.60 mSv, 0.90 mSv,
2.69 mSv 707, P B2 L oA R ORIEEA D, ICRP ¢ Publication 118 i N T % i
AIREZRRRASIE, TN 34, 28, 27, 33, 22, 7 Tdh 7= (Table 9). AVM - AVF FERAT O E D
KA, BREEEROBIENZ D, o IR FHE IV @<, R 7 aha b
DOHIZFRED HLERIT, CBCT 2MLzvh min-7z.
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Table 9. Lens dose of IR physicians in neurosurgery per case (estimated values)

Lens dose (left outside,

without protective equipment, mGy)

No. of treatments available

within the ICRP recommendation

Without With With
Procedure One _ ) ]
Fluoro DSA CBCT Total protective protective  protective
name shot )
equipment glasses plate
Cerebral
_ 0.150 - 0430  0.150 0.58 34 77 604
angiography
Coil
o 0310 0.005 0.390 0.860 0.71 28 34 181
embolization
Coil
embolization 0310  0.005 0.420 1.180 0.74 27 30 172
(stent-assist)
CAS 0.180  0.002 0.420 0.740 0.60 33 41 236
Thrombus
0.190 0.002 0.710 0.740 0.90 22 33 188
recovery
AVM-AVF 0.440  0.002 2.250 0.800 2.69 7 16 88

CAS, carotid artery stenting; AVM-«AVF, arteriovenous malformation *arteriovenous fistula,

AVM-AVF; DSA, digital subtraction angiography; cone-beam computed tomography, CBCT;

ICRP, International Commission on Radiological Protection

d) Rad-IR 7%

a)D PCI-IR 17 &IREE, JIEMEN D TACE O 1 FEFISH -0 DT DK S A H B HE E il 2
HL72. TACE @ 1 & 7= DK fh {A#5 & (CBCT fisZ oD iRk A48 E L7-Bh
DOHEFE) 1% 0.11 mSv THY, ICRP @ Publiction118 D#i[HPN T Hfii o] fE/ AT 4L 1T 182 £ T
-7z (Table 10). BEDFA2D 2 FHEO CBCT A48 L7285 A O E O K S AR (7% B
721, CBCT #iRi R OIRBER L DA ) Ot R4 Table 10 (2R3, £ TORE FUZIBWT, open

B LOESMI

E—RZ close BE—REIZL T, T8 OKMETRREER 10~40% I EHZEN T,
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Table 10. Lens doses for Rad-IR

a) Lens dose in mGy (without protective equipment, glasses left outer side), IR physicians in

the radiology department

Operator's lens dose per

No. of treatments available

case (mGy) within the ICRP recommendation
There is evacuation 0.11 182
No evacuation:
1.87 11
Without protective equipment
No evacuation:
0.16 125

With protective plate

b) The operator’s lens dose and dose per 10 CBCT sessions (mGy, no protective equipment,

glasses on the left outer side) when using closed and open modes

Right Right Middle Middle Left Left Neck

ec

outside inside outside inside outside inside
close 0.125 0.408 0.671 0.278 0.787 0.390 0.892
open 0.093 0.249 0.564 0.236 0.649 0.340 0.672
Reduction
39 16 15 18 13 25
rate (%)

ICRP, International Commission on Radiological Protection
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3-2.B5 AR DELE DAl

BHRER (BLREMR EUiD @S 165 cm) EBHEN (BGRER MG @ E: 155 cm) Off &K%
Table 11a |Z/RT. & D HOEEHN 150 cm DOEX, Bi#EHR FiiomS (165 cm) 1XB5#M i
DEE (155 cm) ZVHHT 80~90%[K< 72> TWAZEN DT, i LB DO OEEEED 20

cm DA, 30 cm DG IR THI 70~80%8/0 L7= (Table 11b) . PR DK I MDA

P, BT O EIZEETHR 80~90%/ NS o7= (Table 11c). BBy RETORE

HEZN 0 cm OBATE, XyRMSOIEEEN 20 cm D4 LB THI 80~90%8/ L7~ (Table

11d).

Table 11. Study on the placement of the protective plate
a) Height of the protective plate

Right Right Middle Middle Left Left Neck
ec
outside inside outside inside outside inside
Protective
plate 0.040 0.190 0.295 0.075 0.140 0.050 0.230
(low)
Protective
plate 0.020 0.040 0.020 0.010 0.030 0.010 0.060
(high)
Reduction
50 79 93 87 79 80 74
rate (%)
b) Distance between the plate and operator
Right Right Middle Middle Left Left
Neck
outside inside outside inside outside inside
Protective
plate 0.066 0.089 0.250 0.091 0.120 0.054 0.250
(far)
Protective
plate 0.010 0.0150 0.074 0.034 0.034 0.016 0.053
(near)
Reduction
83 70 63 71 70 78
rate (%)
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c¢) Angle of the plate

Right Right Middle Middle Left Left Neck
outside inside outside inside outside inside
Protective
plate 0.112 0.309 1.110 0.323 0.464 0.150 0.608
(Vertical)
Protective
plate 0.015 0.133 0.108 0.052 0.040 0.048 0.156
(Horizontal)
Reduction
rate %) 57 90 84 91 68 74
d) Distance between the plate and bed
Right Right Middle  Middle Left Left
outside inside outside inside outside inside Neck
Protective plate
far 0.029 0.160 0.182 0.048 0.123 0.058 0.434
(20 cm from bed)
Protective plate
near 0.010 0.024 0.033 0.007 0.022 0.006 0.034
(0 cm from bed)
Reduction rate
65 85 85 79 82 90 92

(%)
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BA4E BE

2011 AFDOYTLEAIZEBITS ICRP FHTHE, IROMASIS (AL B30ERIVB K
UVVRETCTRATLZENHESIZ. 2012 4213, ICRP Publication 118 T, FHLUV VKR ADHE
BIRENEESNT. 2014 4, [EHFER 78BS (International Atomic Energy Agency: IAEA)
IXICRP #5233 72T ARF A (TECDOC 1731) %%£L Y, KEEKROMEZIROIT THI
EL TR 2081 & Lz, SMisi KA R B ARE L, BUIEGIEREE DAL
THETHIENEELNA, IANEDMBENGRRE TRV D . LIen>T, AMET7 7
YhAE AW TKBIREEORELZRIEL, F2RBOERFHI LK KR EOHE EHE
BEHT LKA Th5.

F5 HOIMAI (lateral side) DFREIZDOWNTIE, AT ROV AN (inside) DOEIEEAL R
A (outside) LDHREL, AHRENT TONTHA B OWNEIT#ESIL TN ER DN,
U, LA ROTARITER T D EHELSIND . AT RO Nl H e (G AHT) IIX A K
77 RAEDRIZBREIA®HY, ZOBREINOEELRR N AST2EE 2 DD 19, IR S AT
KOFNNE, HADERIZEDE T, LU ALBEDREZR/NITEDLDOLHY, IFE DK
AR EZ RERIL T DL ATRETHD 1.

AT IV ZSMA (lateral side) DFME (outside) FREIZZONIE (inside) FRELD 1H7K
&, EBITHEBNER L TODIENDMoT=. ZHU, £ BN X BESCRERE ORGELA
IZEHEL TV TeH B 2 HiLs. Roguin b, BHSEENSAZRIEL IR ER 31 A28\,
DSAFIETNLD 85% D AEMNZHEF L T eZEZRL, IR FHFOHHE O IEL, IR FHH
DI A~O TR DT H D 1 DO R EE 2 S HERE AT 18, LizhioC, ek
TRA~ORESMNTE DI AR T DI, AT RO DA A28
MDMETHD. Fiz, AREEICB T DR ARAL —DHERITL BAADIE, DT
AT, i B B O R ET 0, EHRICBENTHEZATH72E, MR LEEMRINIZITHZ
EMROHHIND.

AT D HAMAILSEE DR % ThE 5L, Haga HOHE '92HD55912, SEEOMR EIX
HAMHIDK) 1.5 5 ThH-7=. LoL, AHFFETIE, PCI-IR, EP-IR, Neuro-IR, Rad-IR D SAESDH]
EMEIE, 2 BAMANZHERTERZEIL 1L, 1.4, 1.7, 1.7 {5 Th-o7=. 2, 7ahauic LT
INZ A N5 7% B o T R - R SN DI EIR DT, TSI BROBE 7R ERE 2 72 ER D3NS L T
WHEBDND. LTe3> T, R CTREI LI T 050 - I R0 B2 D7280, AWFFED
FONTE % DG LITK L IRFR EZ R E T 22 BRI ThS.

EP-IR D6, vt A RO 5 — B FOKE A EIINE O 2 520 ETHY, Zhidsy
EYVOLEHENFICERI TS 9. v 2GR A L5 A, Bl #E R
JEABHICHEL S 2720, B Eos/D LBENTZ28 1 B, B I i o< &L m<
RDPEEMED DD, LI -T, EITF v AR 7 1 oA 2728 D53 B4 ]
TOMENTZ2ND, PRI T 55 — B I, SUE<EITIEFITDO200, iiFD 2 524
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ETHLHIEASHIE W T # RO AT 05 D D5,

Neuro-IR Tl&, AVM +AVF (110> Neuro-IR [ZH R, 245 LI EO/K AR EA LS. TD120,
AH AT T, Pitk/eE OY#EE O 23 ThD. CBCT 1L DSA KB #IE< &
ML, T IR DN EEE D DI L &, I O /K AR BT DSA O 2 fFees
(Table 9). L7zA3>C, CBCT OfRsZH, il 32EE N GIRMETHZENEELV. I o
M2 fER 27010, IR KEL, BELRD SR AT HEEE O R KRS C CBCT ik
EEITHIZENRZ V. RN E MO ARZ Y T BB NS+ 70 A L DN NLETH
5.

Rad-IR ® TACE (225U Ti, CBCT g I B IR ES 726, 1 Bl Dii#E oK
P AR I IO R O IR FHITH VNS, LsL, EEAIZFE THEATS CBCT R
Re7pl, IR DNEE DGR (R T WIGEIE, B ERE<e D ATRENED DD, I DK
RN FANARIN T D72 DITIE, AT RPN OFERICMZ T, T —FbEET S
B DD,

BIER DELE ORRFTCIX, & OKEBEDESA 150 cm DEX, Pk B &S 155 cm
£ 165 em 1%, FHTUKBR R ED o7, 2T, ZEBELL B HOLOBEMROFEIZ X
HHDOEBEZBND. LTooT, EFNDOREMRD FEZARI T 5720121, Bk i3,
WEOHEDOESID B2/ D IO BN AL E T 52 ENEELV. LovL, i id L5 0
DIZREIOI, FTHEBDICTHEIRIERH - TUIRLRN. 22T, 2 20EL, #3<x
K 272012, L A7 a7 74 —0_y R FICEOT D8 5# 0 —7 o o A a5, i
EBAHEMR EDEERED 20 cm DA, 30 cm DA HATH) 70-80% 8% KN R 3 dh - 72
ZAUZ EP-IR OF—B T LR EDS K EN ST B EEHICHATE, BELIRO % HE AL
IEERL TV, PHEDT=OIZIX, TELIETME ORI EREZE T 52NN ETHS.
BAREAR DA FEIZ DN TIE, ACE S X IRE T MEVHH 80~90% MR &K R b o7-. Zh
i, M LOBELBROFEIZ LD DL Bbns. Btk o 42T C&D5EA1E, M)
SOBELERA B T2, Bz AR U CTERA T 2282 HESE 95, o R EBER O RO
Mz f/NZT 2L, BENED 5. ZORE, AL T, BiiRE~yROEREAZ 0 cm &L
T2, XyRMHLOEHEE 20 cm ELTZH AT, £ 80-90%DR AR R BT, BFH
OO BELIRE A N CED IR AR E T 22N KRR THS.

AWFFEIL, 77 PACEDRE DA THLI-0, [RANDHD. ZOREFI%, EEROEBK TS T
DFEPUEE SO T 7 bATORIEEZ LT 272012, & 2K AR R 2EE LT
H2R DT CRAESNARE THD.
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BSE

AAFFRNCED, IFE DK EIRAHE O EZFTAGL (TEERZFVEL, IRRRSMEE, BUEL , £
BIFO ERTFHT LOME KRB ERREHEE T DN TEL, ThLIHEERITBE 2
DS, Wi DKL EEHEE L2 81E, BRI DTSR, BIUOVK R EDOE BRI
NEODZEMMTELEEZ D, Fo, BiEROE OB ELZRFL, BRICT7A—R /7§ 5ZLT,
Wi OWIEARICE R C& /LB 25,

23



BE 3R
1. Chida, K., Ohno, T., Kakizaki, S., Takegawa, M., Yuuki, H., Nakada, M., Takahashi, S. and
Zuguchi, M. Radiation dose to the pediatric cardiac catheterization and intervention patient. AJR
Am. J. Roentgenol. 195(5), 1175-1179 (2010).
2. Balter, S. and Miller, D. L. Patient skin reactions from interventional fluoroscopy procedures.
AJR Am. J. Roentgenol. 202(4), W335-W342 (2014).
3. Kato, M., Chida, K., Moritake, T., Sato, T., Oosaka, H., Toyoshima, H., Zuguchi, M. and Abe, Y.
Direct dose measurement on patient during percutaneous coronary intervention procedures using
radiophotoluminescence glass dosemeters. Radiat. Prot. Dosim. 175(1), 31-37 (2017).
4. Chida, K., Kaga, Y., Haga, Y., Kataoka, N., Kumasaka, E., Meguro, T. and Zuguchi, M.
Occupational dose in interventional radiology procedures. Am. J. Roentgenol. 200, 138-141
(2013).
5. Efstathopoulos, E. P., Pantos, 1., Andreou, M., Gkatzis, A., Carinou, E., Koukorava, C., Kelekis,
N. L. and Brountzos, E. Occupational radiation doses to the extremities and the eyes in
interventional radiology and cardiology procedures. Br. J. Radiol. 84, 70-77 (2011).
6. Martin, C. J. and Magee, J. S. Assessment of eye and body dose for interventional radiologists,
cardiologists, and other interventional staff . J. Radiol. Prot. 33, 445-460 (2013).
7. International Commission on Radiological Protection. ICRP publication 118: statement on tissue
reactions/early and late effects of radiation in normal tissues and organs—threshold doses for tissue
reactions in a radiation protection context. Ann. ICRP 41(1/2), 1-322 (2012).
8. International Commission on Radiological Protection. ICRP publication 120: radiological
protection in cardiology. Ann. ICRP 42(1), 1-125 (2013).
9. Chida, K., Takahashi, T., Ito, D., Shimura, H., Takeda, K. and Zuguchi, M. Clarifying and
visualizing sources of staff-received scattered radiation in interventional procedures. AJR Am. J.
Roentgenol. 197(5), W900-W903 (2011).
10. Vanhavere, F. et al. Measurements of eye lens doses in interventional radiology and cardiology:
final results of the ORAMED project. Radiat. Meas. 46(11), 1243-1247 (2011). 11. Okazaki, T.,
Hayashi, H., Takegami, K., Okino, H., Kimoto, N., Maehata, I. and Kobayashi, I. Fundamental
study of nanoDot OSL dosemeters for entrance skin dose measurement in diagnostic X-ray
examinations. Radiation Protection and Research 41(3), 229-236 (2016).
12. Asahara, T., Hayashi, H., Goto, S., Kimoto, N., Takegami, K., Maeda, T., Kanazawa, Y.,
Okazaki, T. and Hashizume, T. Evaluation of calibration factor of OSLD toward eye lens exposure
dose measurement of medical staff during IVR. J. Appl. Clin. Med. Phys. 21(11), 263-271 (2020).
13. Sakamoto, H. Survey of the actual condition of the operator’s lens dose in endovascular
treatment of the cranial nerves. JNET 8(6), 66 (2014).

24



14. Savage, C., Seale, T. M. IV, Shaw, C. J., Angela, B. P, Marichal, D. and Rees, C. Evaluation of
a suspended personal radiation protection system vs. conventional apron and shields in clinical
interventional procedures. Open Journal of Radiology 03, 143-151 (2013). 15. International
Atomic Energy Agency. Implications for Occupational Radiation Protection of the New Dose Limit
for the Lens of the Eye. Vol. 1731. (VIENNA: IAEA TECDOC) (2013).

16. Haga, Y., Chida, K., Kaga, Y., Sota, M., Meguro, T. and Zuguchi, M. Occupational eye dose in
interventional cardiology procedures. Sci. Rep. 7(1), 1-7 (2017).

17. Endo, M. et al. Evaluation of novel X-ray protective eyewear in reducing the eye dose to
interventional radiology physicians. J. Radiat. Res. 62(3), 414—419 (2021).

18. Roguin, A., Goldstein, J., Bar, O. and Goldstein, J. A. Brain and neck tumors among physicians
performing interventional procedures. Am. J. Cardiol. 111(9), 1368-1372 (2013).

19. Arakawa, H., Tokumori, K., Kamezawa, H. and Fujibuchi, T. Visualization of radiation

scattering in an X-ray room for teaching radiation protection. Radioiso-topes 67(1), 11-15 (2018).

25



IS
[EERCY RS G IS RY I EHE S (R R

JEE L

Osawa M, Tawada Y, Kaneda N, Fujita N and Koyama S.

Examination of lens exposure doses of cardiologists, neurosurgeons, and radiologists in
interventional radiology.

Radiat Prot Dosimetry. 2022 Dec 7;198(20):1585-1597.

FE#
Y B MEHRFZALIE 1< 35 1 2 iliE O/KEEOHIE < BREICBE 3 2 Beat
OREFHE, . 5 84 W HAEERGBFA2FEMES

(AT —=TAT 7TV —avicEd sl 2 8E L 7KE O B #R P75k 1 B3
% BiEt |
ORETEHE, M. 25 85 B O AIEERER &

Y e D IS RHEIIC 35 1 5 1075 DK EL R D #1E < BE I B9 % Bat
OXFFEHE, fth. 55 36 [o] H AR R RRFE S EMES

[EHEHUED 7% 2 2 — v v — 4 CT O#IE < #E & HE OET
OKXEFEFHE, fth. 55 28 [l H A REINE PiGHRE S

26



Y

AW, FEE AN ERERAE 2R RHE LSRR A, RN
&AM v 2 —#H NMNUERIEAEDIEED M IciTo2d D TY. AWFED
ZEITHE L OKRGLOERICH 720, KIREWL R e E L CHifEx v L2 e %
Do HJELFLE L BT E .

KWFFE D KEB 7 1B RIERK AP MENERE Y X —CfTo7zdDTd. HEZ
JEET L SIS B DN IC B 72 0, R & B2 0 £ L 2B RIERR R K
BIERERE R SRR ERSeA:, BRIERIREREE R R SR R AR &
HEB AR ICEROEERL 5.

AWFFEICBI LT, TR A B 4% 2 5T A S OMEITR % TE O 72 44 B RS R B I 2 R i
ZERE AR, FRAME 2 2520981 v 2 — /NNUFSEE BIRFEK, B HERY
(2“8 BT s e R B AT AT AR R EE M R S8 28 7 © NS BRI BERFR A e AR Uil
BHERER BEMREEECIC O O EEHEL L £ 4

g, EEBPEEEZICHZY, B RFo T N & TS L
ER

27



