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%, 20mSv/FEZ BT HAEMRMEN K E <, ERIZSABL#E A TR DIEF R MHET
bblLEZD, REATH IVR EfiFENL2 W GEIIHREREBOR/NLE 5 & A
DIWEBRT2LEND S, $hEI#E A TR OBE I 50% &M TH -
7oo T OEHIISAEHFE A TR O T OERDA AR+ THLHNE & Bbhs,

A JplE & [RARIZ B JWBED DOSIRIS & FHER /N » 27 & IR ZE AR oD 7 B 23 B
HPNTEMETH o7z, (272 LX— R A — B RHARED FEIZ W TR Sl
(272 D ATREMED EWY,)

* 5. (DBHESREE IVRESIRK : AT 34, 4R (B k)

Total Physician Physician Physician CAG: B EIfik:&E T
A B c EPS: iDRIDE
CAG (cases) 13 4 5 13 BT PMI: R—Z A
EPS (cases) 3 2 3 1 .
PMI (cases) 16 12 4 15 A
ABL (cases) 118 54 69 85 ABLAT—TILT
Total (cases) 150 72 81 114 JL—ay

# 6. D IVRERT : 6 » ARIORERE

Physician A | Physician B | Physician C
Neck badge | 6-months | 565 | 412 | 13.99 |
Hp(0.07), i (1-year) | 113 | 824 | 27.98 |
(MSv) | (mSv/case) | 0.08 0.05 0.12
DOSIRIS | 6-months | 432 | 53 | 14.61 |
(outside) | (i-year) | 864 | 106 | 2922 |
Hp(3), (MSV) | (mSv/case) 0.06 0.07 0.13
DOSIRIS | 6-months | 252 | 296 | 762 |
(inside) | (1-year) | 504 | 592 | 1524 |
Hp(3), (MSv) | (mSv/case) 0.04 0.04 0.07

(1-year):—FHHE (2 1&) . (outside):FHERFZEELEREFEIMAD . (inside):BHFERR %A (R &A1)
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6.3 PEERIFIE IVR & (A JKBR)

FTIXNEERITNR [VR RIZHE D 2 =R (4 44) ORERE R A 777, /210D DOSIRIS
ERREN DHIERER (6 - AW O RFEBE) Th D,

A JREBED BEES TVR ERTO KRR E (KU 2) 1307 < Zeuv, (B LIRSS
DOEETE, 20mSv/4FEZHim T H T 7enEBbis, Lo T, BEH IR =
i (R A TE) 1XSREHFERA AR DEENVATHHEZD

7R IR AL B I DU T, DOSIRIS & ZAHEE /S » 20 % He (2 A2 AR oD gt Bl i
BN EEZ R IMEHR D D7D, DIRIMAE VR ERR & FERICZ 53 A R
BHLTCKBEBREZE= T R_REZENHBA L,

% 7. JELCRTHE IVR =T : EART 4 A
c AL UME 14 BiEIRSER. 6 » ARORERE

HSR A (mSv). £E&H | DOSIRIS (mSv), EE -
IcmifEHE 7oumiRELE 3MmIRESRE 5 (1)
3427 3822 5.18 335

- BhF 14 : BEIREA. 6 r A ORTRE

HS Ry (mSv). £%28 | DOSIRIS (mSv). ZBB -

ImiREHE 7oumiREHE 3IMmiRESE g ()
2.29 2.26 2.45 49

-BhF 24  BHRERGEL. 6 y AROREHRE (24FH)

HS R (mSv). ZE#6 | DOSIRIS (mSv), 6B -

IcmfEEHE 70umiREHE 3MmiREHE 558 ()
4.15 4,38 5.69 186
 (411-418)  (436-439)  (563-575)  (163-208)
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6.4 BN TVR & (B IJwkR)

# 8 1%, BIRFRIZIIT DMINAE VR REEAN 3 44 D, 240> DOSIRIS I E b A5l

CHER B FERS & B E) Th D,

BIBEIZ 35 1T 2 MM A& TVR SR EE AR O Kb AR EIE < 1%, Do igiin 3 SR R Al D 2 41 &
VIR ETH Y . B A R 25 L iU 20mSy/4 %2 @i 3 % fakaik
BNt Bbnsg, ZoMAEIL, FEAIFIZ Digital Subtraction Angiography
(DSA) BEe I, ERB L O & v 713 E EEMA =AM L, #E < AKI

WWEE LTS EEFATEAT. N R vy a it (o=
Z—ZHANWTW5,) ZENFTOND, SOICMME VR (2 5 ERIE

AL (BCEAR « BEED) 72 & O B & FEHRAYE WALE T 7 — 7 VI ES 217
STNLHIZEHLZDOHHBLELTEZOND,

772U, I TVR ZRI2HED D ERNZ W T /KRG T < BhiE o {2
HeHES DL EITH D,

K 8. MMIMER IVRIESIR : BRI 3 4. FFM (B k)

Physician A | Physician B | Physician C
CAG (cases) 11 13 32
IR (cases) 34 30 40
Total (cases) 45 43 72
DOSIRIS  6-month | 163 | 209 | 255
(outside) . (1-year) | 3.260 | 418 | 210
Hp(3), (MSV)  (mSv/case)|  0.036 0.049 0.036
DOSIRIS . 6-month | 0.75 09 161
(inSide) (l—year) 150 _______________ 180 _______________ 322 ........
Hp(3), (MSV)  (mSv/case) |  0.017 0.021 0.022

(1-year):— S #25 (2 &)

(outside):BHEERR FR L (AR R 4MA) . (inside):Bh AR %A (AR &% A {AD)

Kato M, Chida K, et al. Occupational radiation exposure of the eye in neurovascular interventional physician.
Radiat Prot Dosimetry. 2019 Jan 9. [Epub ahead of print]
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B9, B101%, REBEHRLOL L TREREMEZRT ZENTEHZHIZIT
RS (B IVR THHRFEOEANSHERSNATWD), X9 1TMmE
IVR SEEEATIZ 36T 2 K S (R AR & EMEOFBI Td v . DOSIRIS HIEE ($nP)
He A TSN KON & FRE N DHIEEOBRZ R~ BIFEBE, mSv/H), 7
BN DREEIZI S 02 VER S - 72720 T IR L TH 5D, X1
(R, @FD) X 912 DOSIRIS HIEE ($aBiite A T Ml outside) & ZHHD
Sy DHTEMIZIZMBE R & o 7o, B y PHTEMEO T RR00m M A2 R LT,
R FRIO XS ICRERE R F2HE Em < IEME<, F£72 DOSIRIS JHlE 8
RNy VHEEDONT Y X H D, Ko T, L0 EMERKREREILS 27
i3 272 DIiX, BKIME TVR 2250 2 ERTIZ 3T 6 DOSIRIS (2 CHllE HM
ETOMEND D LE XD, $hBAH#EA T AWMl (inside, FROFE#R, AH) D
DOSIRIS JIEfE 2 FlW =356 bk ERRE (R®) 13m <IXHE< | F72 DOSIRIS Al
fiE & 2N PHTEEDO R T Y X b H D,

9. FXIf % IVR EERf : DOSIRIS ($ABA AT RN < H}4) LXEER /NP DFHRE (mSv/ A )
DOSIRIS MR @EN : DOSIRIS ($aFHFE AN 9L, outside) EZFERN v D FERE
Hp(3)(mSv)  REAF:DOSIRIS ($aFHFEAN 4R, inside) EZFERN Y DIERE
D.80
y = 0.70x + 0.11 .
078 R2 = 0.67 [

— (Outside) . S

0.50 o—t—arE
0.40 -

0.30 -7

0.20 y = 0.26x + 0.07

R2 = 0.58
(Inside)

.00 0,10 0.20 0.30 040 050 OO0 0.70 0.80 090 1.00

Neck glass badge Hp(0.07) (mSv)

Kato M, Chida K, et al. Occupational radiation exposure of the eye in neurovascular interventional physician.

Radiat Prot Dosimetry. 2019 Jan 9. [Epub ahead of print]
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10 1, MM TVR ERNIC 31T 2 Enbyat A 77 % D PS> DOSIRIS JHIE R 51
ThHoH B Wkt mSv/H), EHLZEB#EATRITT L ET T4 (0. 07mmPb
Ui, W) EIT =7 A7 T4 F(0.07mmPb &, L) ThHD,

& (FRlhFE A RN ORGEEILR AR & o 72, BIREEIZIIT DK
%% TVR R OERIHH#E A B O RIL, 1 60% ThH o7,

A BIOHETE TIXEABHE A T 3 28 U ERMIX, 20mSv/4E & Bl L7y~ 72
B, Vi DREALOBLEND b KEEREIE ARBO 72D DX, H] 21X
AT AOREN RN B ERMETHD EEZD,

10. FMIfi‘E IVR BT : $hBH#E A RN OFEEE (BH#%hE. BIRPL)

Inside
(MmSv)
0.50

0.45

0.40 y = 0.37x + 0.028
R2 = 0.93

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00
0.00 0.20 0.40 0.60 0.80 1.00 1.20

Outside (MmSv)

Kato M, Chida K, et al. Occupational radiation exposure of the eye in neurovascular interventional physician.
Radiat Prot Dosimetry. 2019 Jan 9. [Epub ahead of print]
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F o, BETRREATIE, MM IVR ICEH T HEEM (34) 13, ShbEIREIIX
LEELTWRNE OO, FEARNITEENS 7R VBN - E CEX41T->C
WA Z ENDL, ARIEHE FIRANN CTh - 72,

F 7= B BT 2 AR AT, AN TVR 2 I3l & LT iR
HEENITIZEHBAL T, IR FIRIZE A EBRIEENORIZTEBZITO 2D, K
PRI TR CE B LW LT-, Lo TARIOMIME TR 2Tk, b
BB D /K AL AT E R 3TAT 78 0 o 72,
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6.5 ERCP (A¥RPR) ; 7 v & —F — 7 N XGRS %1

HLE X BEHBAEDOO L >TH 5. ERCP (Endoscopic retrograde
cholangiopancreatography; PNARSEAATITHEARE R 1ER) (DD IEHEE (B
il & BERD ORIERRE T, 70k AJREPLERI O ERCP O F 503 -4 T
W) 22 T o7z,

# 9 1%, ERCP [EAl (BpBIFE A TR EEL) OREFMAE R TH D CRER R,
4 4 )R o A JRBE D ERCP ERT O /K S Rl i3 70 < | PHERRSEME L C
b 20mSv/FEaEIE T o AUID VW E B Db, ZOREREAIL, A RO
ERCP (37 v ¥ =7 =7V XMELE LN L T D72, i L OB &
HER SN TWDbDEEZ L, (FEREENZL 2N b —o08H &b
o)

72% ERCP CTOMEFEEEMEIZ OV TIE, AR ORE &R EE D Sl 2 7~ 3EH
M2 o7,

7% 9. ERCP =R : PhEEIREE L (4 A)
-6y ARIOBREHE., 4 NFY (H/P—FKX)

HIRINYD (mSv). EEE DOSIRIS (mSv). ZHR

ImBEHE 7oumiRELE 3mMmiRE L=
0.23 0.25 0.55
(0-045) (0-050) (0-1.33)

- 1EEHEREME (6 A HIRRE X2 %)

IcmiEEYNE 7oumigE4E 3mMmigELE
0.46 | 0.50 | 1.10

T =T — 7 )V X FREEE A O 72 DK IRER BT A A,
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# 10 1%, [FIERIC ERCP FiAl ($nbhi A W ML) OREFMEITH D (F
EMRRE, 8 A WM E), A JRBtD ERCP FH il O /K SR EIT D72 < |
20mSv/ AR T A RIITIFE A E|mNE b s, ZORIBREBI,

[FRRIZ AJBBED ERCP 1T v X —F — 7L X FEE A H ] L T\ A7), A
v 7 P OWIBEREIEB I TV LB X D5, (RBRICERMESER % < 220
b —ooHBEEbNs,)

PRI R AL OV TIEEE 10 <, DODIRIS [3 A2 101 o0 f & E i A
el Z R I S B o T

F7-. HHE AT ANy DORIEM L. DOSIRIS HIEM L v & BT E il 4 w48
RN & > 72,

3% 10. ERCP BF&HT : PHEIRSSEL (8 A)
« 6 »r HRIOBBEHE. 8 AFEH (B/M—&%K)

oA o o | DOSmS (o)
IcmiEEYE 7oumigEXE (Ef)3mm (B 14)3mm
0.12 013 0.09 0.03
(0-0.51) (0-0.58) (0-0.42) (0-0.15)

1 EEHETENE (6 7 A FIRRE X 2 %)

HSZAAYY (msv) | DOSIRIS (mSv)
IcmffEEE 70umiREZH=E (Z#))3mm (& 1])3mm
0.24 0.26 0.18 0.06

FIRRIC T o =T =T XBREER ] O 72 O KRR RIS 220,
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6.6 ERCP (CYRER) ; A—N—TFT— 7N XHEBE LA

F 111X, CIRBEICEIT B ERCP 1T A HEHEHE (SRl A TR L, [ERiEF
R, FEMBIEIX 3 20 A) OMIER R TH D, CIHBED 3 HH D ERCP S
X601 Thoto, CIEBLd ERCP ERI DKL REMMREIXZ < . Bh#EIRGT M
LOBAT 20mSv/4EZ BT 28NN 5 5 L Bbiv, Shb#ER DR ITNAET
D EEZD CIFBEDERCP 1T A — =T — T )L XBIEE A FH L TV 5720,
AB T D EEOWRREITZ 2D ENRERBHTH S,

EERI ORI FEROZN LV IHEHRETH Y . 20mSv/4 % @i
DIGRRMEN D7 & bz, ERT v F—T — 7L X R E I UK b
R EIELE <. BEANZBOTHRBREII PO REITEZETH 5,

IR EFHEE MBI OW T, By DIZOW TR, ERNTAR O &
HEENEEZ R ITEHAN SV | F#EAMTIAAIZIZRY% Th o7, £72 DOSIRIS
EHER N P OREME I RFSE TH 72, HEANy Y (T0unfENE) O3
A A FHEL, Z A ERVERT A 1X 3. 1mSv, FERT B 13 4. 5mSv, FER A 1Z 0. 4mSv,
FHERN B X 0. 3mSv, FHFERN C X 0. 4mSv ThH -7z,

% 11. ERCP (4 (BHEIRGEE L) : EEN244 . F#H 3 4. DOSIRIS SR & (ZIR)

B {31 : mSv
gHEaf | 78 | 88 | 98 | sAAH |TIEL
E8A | 10 | 15 | 14 | 39 | 156
E&B | 19 | 20 | 07 | 46 | 184
E®HA | 00 | 02 | 02 | 04 1.6
E@fB | 01 | 01 | 02 | 04 16
EWEC | 02 | 05 | 04 | 1. 4.4

F— =T =TV X AEEAE AR IR B AR A 2 < . b R 0L E 1T
HThoEBbND, EMOKBEHEZ 20mSv/FIZHVETH S (£ 11 DR
F)o EATEMEINTWD ERCP 1X, Z< DGAITA—\—T — 7 /L X fEEE
ERERAL TS EBbil, Ko TAY v 7 OKBIRHIRSGEICEE T D LN
Hb,
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6.7 [REXE, Tr = (ARBE)

Ta Ly 3 FREXNESIHRAE TH Y | W, X BREA TS TRA R KON
KRR & R 72N RIS 5, AJRBRIC T m v aRE iR (F——T
— 7 VX RREEEMAE ) (ICEED A EEE (B & FHEM) ORERE BT
FARNZEEE) &,

#1213, [RE BB ICHED S EMORERERE T, Ghbh#EA T L,
AR AR, 8 44 IR . ARBEIZI T 4R T 15, 82mSvy (R 12 OFRT)
ICETDIHAELHDZ D, T ur aERIL 20mSy/4E & il 4 5 kR K
&<, ERNEEABAEA TR OIEENMHETH D EBbivie, M T AN
> Y OREMIEL, DOSIRIS JIEM L 0 IREZ R Z &6 IEMEICKEBEIT
 ZdHii4 2 72912137 v o 2 ERRIL DOSIRIS (& CHIEFHl 29 2 LB N H 5
EB 2D, BT L LTREHIIMDHENR L WGE T, REXENEER
fEIZIE e B 7RV,

#12. TuraERh: BFEREEL 8 A)
6 »r HRIOBBEHRE. 8 AFEH (B/h—HK%K)

HSRINYT (mSv), £EER DOSIRIS (mSv). B

lemifEHE  70umiRELNE 3MmIRESE 2 ()

5.03 5.55 7.68 100
(0.24-11.01) (0.30-12.20) (0.57-15.82) (62—186)
TRPITR KR DK G E 2 R,

- 1EEHETEN (6 o A IR X 2 15)

HSR13yZ (msv) ” m
IR B LE  70umBELE  3mmIRBNE RS (1)
10.06 11.10 15.36 200

DOSIRIS DHIEFE RN BHEE T2 & B RETITER EB Y OFE#17- 72
A IR 294 fFLL EDOFHAZ LV | AKEARRES 20mSv/ 2 BT 5,
BOEOT 0y aE, BLO5E, A—A—T —TAXBEREEA LTV
12, Turax sy 7 OKGUPIREEIZIER T 2 LERD D,
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F 13 IXAERIC, 7 a2 F#hl (S THB#EA T REL) 1T W TOHERF
MG R TH 5, AJFPED 7 1 v aF#AIO K ARIE < 1, ERiOZ L 0 I3K
FRETH Y, 20mSv/4E & il T 2 EREN D & Bbhiz CE#M O £ /E
ERCESATICE L CREOBEICE L TWAEANERMICED R n=)), 7=
L7 ay aF#EOKSERREIZD 72 2 AKREBIEREIE S B O i ki
BETHD BEIC L TUIH#EA TR OIEE NN,

DOSIRIS & FHER/N v L OF MM OREEIZE LT, EATFEARIZ DOSIRIS I EfH
@ﬁﬁ%<(ﬁ—ﬂ—?—fwx%%%ﬁmmﬁﬁﬁé&%bﬂ@\E%&%
X< 2595 72 91Z1X DOSIRIS IZ CHIEFHEZ T2 M ERH 5 L& 2 D,

AP SYS b %ﬂ%_owfﬁIMMms%ﬁ%ﬂ//%i_E@ DR R E
ERAEEEZ RITEAN D D70, ZNOITAMICESE L COKREREEZE=4
FTREZLEPHUHA LS, @i—To7 mry aEMOBSIZ VTS RO T
Tholz, DFEVEITHEE,)

#13. TuraFHEa : BHEREEL G N)
-6 r ARIORBRE, 3 AFEH (F&/Dh—H%K)

" HSASS ms). £RB | DOSKIS (mso.#® | |

1emiSE4E 7oumiEENE 3IMMIEEHE 30 ()
1.54 1.63 2.41 100
(0.10-2.54) (0.10-2.62) (0.19-3.76) (97-102)

. 1@?&%@(6 &H F§ﬁ§X2 %)

| ASRoUms) | DOSRS(ms) |
1cmﬁ§§%i 7oum$a§g.§ IMmig B X8 BEX ()
3.08 3.26 4.82 200

Tu a3t —n"—T7 TN XPEEEZFEH L TWDHTH, AZ v 70 Y
DPIFIREITZ < 2 D70, KBRS EICFEET DILEND D,
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6.8 X %% CT &R T4 : (D IKPL)

1R S#H 2 D ET 5 T2 DITIR AR W S BB & AR (KA A7)
PITONDGER DD, EROLENELHEZED HT21T X CT B E v,
XHR CT B T CTCT BHREBE U 7 I/VH A LR L7220 HALRRER TS 5 D23,
X #R CT ZL N AR TH D,

#1413, DRFEIC T X #R CT Bt TAEMICE D D EHE (EAl 1 4) ORIERS
HOGHmEIEIL 4 22A. $hPEA TR L | Al KOEMD) 2R3, Ehafh
BT 5 /A CTh D, mBRIEMIT, #IE<BEICT 2 B FRcE <,
CT FHT M B/ NRIZFE G L TV b,

CT i FAEMTETTEERT O /KSR T 722 < 7o < ERHE N 2 W5 A1,
AP A B AR DIEEERUETCHD EBE XD,

B ERHEENMEICOW TR, BE AL TR 5T, CT B F AR
ITEMOSL BALE L —E T | EFNTRNFIZS LT, BEOELADEDL
HEEIRIE D D FEEITO N TH D,

RBFIH T A8y PHRIEMM & . DOSIRIS RIEMIZTEE+ 2@ A H 5 = & H
B FEE Sy UHMERE) . EREC KSR 2T S 72 012iE, CT & FE
BT AL DOSIRIS I TRIERHE &2 T 2 MENRH D EE X D,

# 14. XM CTEETAERER BFERSE® L) : KA 14 - DOSIRIS BRE (£,
)

B {7 : mSv
RELShL | 7A |8A |9A |10A 4 A EE| FRHEEE (3£2)
EfiZE /0.03/0.18/0.14/0.05| 0.40 1.60
EfgAag (0.070.110.26/0.06/ 0.50 2.00

FRA TR NG E TR IPIE < ICETEE TH 5, SHEE/N v DFRE I DOSIRIS
e LY BIREEZ R LT,
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6.9 EES RI,PETBRE) : (A%WKER)

F 15 1%, AJRPEICISIT 2 R ICHERT 22 O i ih (BRBha A 7 L)
DFEIZ OV TOREFTHHBI TH D (1 » ARFBRE, mSv/H), 728 A FRBLO
LA I 5 2R X 1 v H im0 u—T7—3 3 VEBDOD 1
7> H I R L 7=
RI ZHEFT 2R AR Am I, $RP57E A T R HE L C KSR IR SRR B 3 7
<. 20mSv/AEZ BT DNV EBbiLs, T b BKES [RI, PET) #EF
FORBEEMBE(FD U 2)1E, PRIV BDRWERTH -T2,

7% 15. RI 2RIaTRREAD : BHEIREEE L (10 A)
-1 ARIBE  Z0. BDN—&KX).

HSR/\yS (msv). £EEE  DOSIRIS (mSv). %8R -

IcmRENE 7OumiRELNE 3mmiREHE B ()
0.08 0.08 0.03 55.60
(0-0.15) (0-0.14) (0-0.16) (7-97)

- 1 EHEEE (1 » ABREX2 %)

HSRIXY (msv) DOSIRIS (mSv) _
Im@ELE  TumBELE ImBELE AR ED)
0.96 0.96 0.36 667.2

DOSIRIS DRNEREFD D OHEE « 4 37, 067 ELL ED RI ARATIZ L 0 . K& A8
B 20mSv/HFEZ B (X - THEMITHREREIIE 2 57e0),

. FOMORERS L O PET MEICH VT, b EEEICD VKRR T
&)07}:0
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6.10 BES (RI, PET BRZ) : (BIKpR)

# 16, £ 171, BIRBEICR T ZBEFREOREL TH 5 (44 B AEFE
%5 & A28 D DOSIRIS I E BAFERR &) .

B JRBEIZIB VT S, A JRPEFERICEZE S (RT, PET) fE3E O /K Sh IR lift & ( R
DU ) E 02 0 e SRBIEA TR MEL T 20mSv/ 4R A T 2 AT e
EEbNnD,

% 16. BEY¥ (RL, PET) fEGIEK : BORBREAT 2 4, F4FM (B bt

Total FZBHA FEMmB
PET (cases) 186 65 48
SPECT(RMITFR) (cases) 310 87 55
(DABS > F (cases) 13 12 4
€DAth (cases) 12 10 13
Total (cases) 521 174 120

# 17. BEZ RI,PET) A ¥ v 7 :6 » HE® DOSIRIS BRFEMRE. #enBH#E A
HREL

FOUR, EEE mSv
ZEFRTA 0.16
P EFRTB 0.15
1% EFNs 0.17
% EFNs 0.16
1% = 2 3 7 B 0.06
ZEZHRE 0.05

BT 7 A8 PREMIE, DOSIRIS AIEM & v bIREZ R L7z,
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6.11 FiiE (FHBTOBHRMEHFE) : AWK

F 18 1. AJRBEICHT D FifE CoOBHME A FE (REBIREICx+ 227
727 NN &) ICHEET D 2R BN R (SRR TR L) D
AZOWTORIEFAMEITH D (M, 1 » ARBRE, mSv/H), 708 A RO
FIBREB W E T 2SR EANZ 1 Ao —T—2 a VEFDOD
1 7> H IR R L 7=,

A JRBEIZ I 1T D FTE T OEGE H FEAHEE T 2 22U B AT O Kb A
PREIID 72 <2< KBEFEIX PO RELITEETH LD (FElEEn %L
Srtrid, PiaIREEDALAE S B,

IRBEERAT T A8y ORPEAEIL, DOSIRIS HIEfE & . MRFETH -7 G
F DOSIRIS 23 EifiE) .

# 18. FIE, BEBINREET : PHEIRGEE L
1 7 AEIOFSHE 20, n=17. F/PM—F&K).

HSRZs39 (msv). ZHEE | DOSIRIS (mSv). EB -

IemiSE4E 7opmiEELE 3INMIEE NS B3 (5)
0.28 0.30 0.38 712
(0-0.81) (0-0.86) (0-0.98) (1-13)

- 1 EHEEE (1 » ABREX2 %)

HS5R189S (msv) DOSIRIS (msv) |
ImiREHE 70umfREHE  3mmiRERE B ()
3.36 3.6 4.56 85

DOSIRIS DREIEFRE RN D OHEE  FrlZH R ETIER EB Y OFHE 21T 7256
(ZIHAER 373 DL B D5 2 Sl U 72355012 KR IAHER DS 20mSv/4F % iR
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6.12 F—F T NAREIZVEE T 2 2R R EED (A KB

1913, ARBRICBIT DIRBAR— X T NAREAHEE T 2 2R R (8
BisEA TR IEL) OGEIZHOWTORERFAIFITH D (44, M, 1 AR
&, mSv/H), BB ARPBEOR—F 7 ARG NEF T 22BN 1 72 H
O —7— a3 YEBEOTD 1 H BRREIC TR L 7=,

PEEMHEN L NGE | AFRBRICEBT DR — % TNAAREIOE T T 2 IR A
F DK AR EIT D 72 < 72 <0 AREBEREIZ S PO bIZEETH LD (FEh
PEENIEF 22 WG a1, DEIREDIEE N NETH L L b b)),

PRBHER S T A8y P OREEIL, DOSIRIS HIEME & . MhF%ETh 72 (F
F DOSIRIS 23 EifiE) .

#19. R—F TAVHRE. DFBSHRER : Bi#IRSEE L
1 7y ABIOESRE  EMl. 44. F/Dh—8K).

HS R\ (mSv), EEE DOSIRIS (mSv). ZEB

lemiREHE 7OumiREHE 3IMmiREHE 3 ()
0.24 0.27 0.34 168
(0-0.71) (0-0.84) (0-1.03) (57-328)

DOSIRIS (mSv) _

IcmfEEHE 7OumiREHE 3mmiEENE 5% (44)
2.88 3.24 4,08 2,016

- VAEHEEME (1 » A FIRE X 2 1)

DOSIRIS DREIEFRE RN D DHEE  FrlZH R ETIER EB Y OFHE 21T 7256
\ZIHAERT 9, 882 1L E D FE -4 L v . AKSRIAHR RS 20mSv/4E 2 T 5,
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IBEEREE LR Z W GEIL, BEEETHD,
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R TH D08, Ak, FEHIFBDEINT 5 ATREMER 5 2
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X 11 1%, Dk IVR ERTOfENTRE RO —ETH D, FRZ 770X THhiiiiE
£ (mSv/h) . BRENERERE (43) ThHD, HRITELMBEETRE, 4L %
IE EHEOMETH D,

EREFEIIRER 21TV, BREITW NS T —T Va2 E#HE FEiR, BT
KEWR, WEERE D TN, (1) IZEBEBEIR DD T —T L EHRA LR
%“ThbH, HEKRTHD EBUIIEA DD I ToOIC X BRHAIBMEL, BET S
BELRR D 7o, 20728, ERERIZIZIE 0 mSv/h THho7o, (2) 1IhT
— T NVIEEDNDIRIZEE L8 2 ATH D, (REEEICx L CTEREIT S 72D,
XBRE DL, BELBRESEINT 5, 2 XD IFE#RESRIT 2.3 nSv/h
FTEHA L7, (3) 1T LA045 CRA30 TR AT o712 ZATH D, XHEDHE
7R VEEET HAE LR RF 0 BER ETEOMIC X SENLET SE
oty TOLEDHERERIT 4.4 nSv/h Tholz, T7RbbiBNL#E
I 2 E (AL AR Ch 2 BEFE B IO X HE LiEOM) IChlE T 2
ZEEME LT b, ESE LY I OKSIR) NLE D m R
Z72 DG E LB D T ENyoTo, ER DB O ) 2] A EE T
HLEFELNTWDEHEOD, 5FTIDL D REEBNRONT 21T > T=FHFIIT
72, BERMATHL EEZD,

1st Head
1st Neck

Dose Rate (mSv/h)
D O = M W B oW

00’ 00"
a7 O—F s

X 11. U T XA LBREMAT GO IVR EERT O —44F])
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FETHD,)
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BB GE T EEE,)
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© YU A OKERIRFRERT) IZ & 2 KSR EAT AR =1, TEROFAL S5 1E R T 2

ANy D) &b HREOHEITS 5,

c HTANRN YT T0um MREYEIIAT T ANy ¥ 3mm MR EY & FRRNCE ) &3
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Neurovascular interventional radiolgy (neuro-IR) procedures tend to require an extended fluoroscopic exposure time and
repeated digital subtraction angiography. To evaluate the actual measurement of eye lens dose using a direct eye dosemeter in
neuro-IR physicians is important. Direct dosimetry using the DOSIRIS™ (IRSN, France) [3 mm dose equivalent, Hp(3)] was
paformed on 86 cases. Additionally, a neck personal dosemeter (glass badge) [0.07 mm dose equivalent, Hp(0.07)] was worn
outside the protective apron to the kft of the neck. The average doses per case of neuro-IR physicians were 0.04 mSvikease
and 0.02mSv/cuse, outside and inside the radiation protection glasses, respectivdy. The protective effect of radiation protec-
tion glasses was approximately 60%. The physicdan cye loms dose tonded to be owrestimated by the neck glass badge mea-
surcments. A correct evaluation of the lens dose [Ip(3)] using an eye dostmeter such as DOSIRIS™ is necded for neuro-IR

physicians.

INTRODUCTION

Durning interventional procedures, patients and phy-
sicians may be injured due to prolonged exposure o
Xray radiation” 'Y, In 2011, the International
Commission on Radiological Protection (ICRP)
recommended that the occupational exposure limit
for the lens of the eye be reduced to 20mSv in a
year, averaged over defined periods of 5 y, with each
year not exceeding 50mSvi'*. The ICRP also
released a ‘Statement on Tissue Reactions’ in which
it was proposed that the absorbed dose threshold for
induction of cataracts by ionising radiation should
now be considered to be 0.5 Gy for acute or chronic
exposures’® ' This was because incidences of
radiation-induced depilation and skin injuries were
reported, as neurovascular interventional radiology
(neuro-IR) procedures tend to require an extended
fluoroscopic exposure time and repeated digital sub-
traction angiogrphy (DSA)"®*. Actual measure-
ment of eye lens dose by DOSIRIS™ has been
reported in cardiac intervention procedures and non-
vascular intervention procedures such as endoscopic
retrograde cholangiopancreatography (ERCP), but
there is no report in neuro-IR procedures'™ 9,
Thus, it is important to measure the radiation dose
in the eye for neuro-IR physicians.

In this smdy, we measured the radiation dose
[3 mm dose equivalent, Hp(3)] in the eye using an

appropriate dosimeter put next to neuro-IR physi-
cians eye.

MATERIALS AND METHODS

We measured the eye lens dose [Hp(3)] for three of
five neuro-IR physicians in the Research Institute for
Brain & Blood Vessels-Akita. Two to three doctors
are involved in one procedure. The occupational eye
lens dose was evaluated over a 6-month period
(October 2017-March 2018). There were 95 cases
during the measurement period; these three neuro-
IR physicians were involved in 86 cases

Direct dosimetry using the DOSIRIS™ (IRSN,
France) was performed on 86 cases that involved 42
of diagnostic cerebral angiography (CAG) and 44 of
IR procedures such as intra-aneurysmal emboliza-
tion and endovascular recanalization (Table 1). The
DOSIRIS™ consists of a thermo-luminescent dose-
meter sensor (7 LiF:Mg, Ti), a 3-mm polypropylene
capsule, and an adjustable headset. Following a
1-month measurement period, the DOSIRIS™ was
retumed to the Chivoda Technol Corporation in
Japan to be read. The dose calibration was per-
formed at the Chiyoda Technol Corporation with
reference to the national standard.

All three neuro-IR physicians wore coat type pro-
tective aprons (0.25mm lead (Pb) equivalent), and
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radiation protection glasses (0.07 mm Pb equivalent,
Panorama Shield, Toray, Japan). Furthermore, all
physicians always used lead acrylic shields (0.5mm
Pb equivalent) suspended from the ceiling. All physi-
cians wore a DOSIRISTM just lateral to the left eye
and an additional DOSIRISTM outside the radi-
ation protection glasses close to their left eye
(Figure 1), allowing to evaluate the protective effects
of the glasses. Additionally, a neck personal dose-
meter (glass badge) was worn outside the protective
apron to the left of the neck, to compare the
DOSIRIS estimated doses. The neck glass badge
used was a silver-activated phosphate glass dosemeter
[0.07mm dose equivalent, Hp(0.07) and 10 mm dose
equivalent, Hp(10), Glass Badge, Chiyoda-Technol,
Japan). The glass badges were retumed monthly to
the Chiyoda-Technol for evaluaton.

The X-ray device used in this study was biplane
digital X-ray system (Arts dBA; Siemens Healthineers,
Germany) with a flat-panel detector, at an acquisition
DSA nte of four frames/second while applying pulsed
fluoroscopy (7.5 pulses/second).

Tabk 1. Details of the procedure,

Cercbml angiography (CAG) 42
IR procedures +
Coil embolization of aneurysm 2
Percutancous transluminal angioplasty 9
Endovascular recanalization 7
Embolization of the dural arteriovenous |
malformation
Camtid artery stenting 7

Figure 1. DOSIRIS™, Neck personal dosemeter (glass

badge), radiation protection glasses Physicians wore a

DOSIRIS™ just kiteral to the left eye and an additional

DOSIRIS™ putside the radiation prolection glasses close

to thar left eye. A neck personal dosemeter (glass badge)

was worn outside the protective apron to the left of the
nack.
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Statistical analysis

A Pearson correlation test was used to find whether
the neck glass badge was linearly related to the eye
dosemeters (inside and outside the radiation protec-
tion glasses). The statistical significance was defined
asp < 0.01.

All analyses were performed using the IMP
Version 14 software (SAS Insttute, Tokyo, Japan).

RESULTS

Table 1 summarises the details of the 84 procedures
during the 6-month period. There were 42 and 44
cases of CAG and IR procedures, respectively. The
coil embolization of aneurysm, which included stent-
assisted procedure, was the most frequent procedure
in the IRs.

Table 2 summarises the mean value of the total
angiographic parameters, where, fluoroscopy time
was 44.7 (4.8-172.3) minutes (mean (minimum —
maximum)), air kerma (AK) was 1.53 (0.19-7.48)
Gy, and kerma-arca product (KAP) was 146.8
(12.7-375.7) Gy-em®. In CAG, the fluoroscopy time
was 20.0 (48-60.3) minutes;, AK was 0.71
(0.19-2.58) Gy, and KAP was 111.8 (12.7-375.4)
Gycm®. In IR, the fluoroscopy time was 68.3
(23.1-172.3) minutes, AK was 2.3 (0.39-7.48) Gy,
and KAP was 180.1 (37.4-375.7) Gy-cm™.

Figures 2 and 3 show the relationship between the
eve lens dose using DOSIRIS™ [Hp(3)] and the neck
glass badge{Hp(0.07) and Hp(10)]. The Pearson cor-
relation test revealed stadstically positive comelations
between the eye lens dose using DOSIRISTM [Hp(3)]
and the neck glass badges [Hp(0.07)] and [Hp(10)].
The correlation coefficients between [Hp(3)] of outside
protective eyeglasses and [Hp(0D.07)), as well as
between [Hp{(3)] of outside protective eyeglasses and
[Hp(10)), were r = 0.82 (p < 0.01) and r = 0.84 (p <
0.01), respectively. The correlation coefficients berween
[Hp(3)] of inside protective eyeglasses and [Hp(0.07)],
as well as between [Hp(3)] of inside protective eye-
glasses and [Hp(10)], were r = 0.76 (p < 0.01) and r =
0.79 (p < 0.01), respectively. The regression lines, using
[Hp(3)] of outside protective eyeglasses as an outcome
value (mSv) (y), and [Hp(0.07)] (mSv) and [Hp(10)]
{mSv) as predictor variables (x), were y = 0.70x +
0.11 (R = 0.67) and y = 0.83x + 0.11 (R = 0.70),
respectively. The regression lines, using [Hp(3)] of
inside protective eyeglasses as an outcome value
(mSv) (), and [Hp(0.07)] (mSv) and [Hp(10)] (mSv)
as predictor vanables (x), were 2y = =0.26x + 007 (R*=
0.58) and y = 0.32x + 0.07 (R* = 063), respectively.

Figures 4 shows the relationship between the radi-
ation dose in the eye using the DOSIRIS™ inside
the madiation protection glasses and that wsing an
additional DOSIRIS™ outside the radiation protec-
tion glasses The Pearson cormrelation test revealed



Table 2. Angiographic parameters [mean (minimum — ma ximum ).

n Fluoroscopy time {min) AK (Gy) KAP (Gy-an®)
CAG 42 20 (4.8-60.3) 0.71(0.19-2.58) 111.8(12.7-3754)
IR 44 68.3 (23.1-172.3) 231(0.39-7.48) 180.1 (374-375.7)

Total 86 447 (48-1723)

1.53(0.19-7.48) 146.8 (12.7-375.7)

October 201 7-March 2018,

DOSIRIS
Hp(3)(mSv)

0,80

0.70 + Outside ;

r=0.82
Q0 p < 0.01 )
osp ¥=070x+0.11
(R? = 0.67) a [nside
0.40 . r=0.76
5 p<no1

y = 0.26x + 0.07
(R2 = 0.58)

0.20

0.10
: -

I 0.00 0.10 0.20 0.30 040 0.50 060 0.70 D.80 0.90 1.0D
Neck glass badge Hp(0.07) {mSv)

Figure 2. Rdationship between Hp(3) and Hp(0.07). The
Pearson correlation test revealed statistically positive corre-
lations between the eye lens dose using DOSIRIS™ [Hp(3)]
and the neck glass badges [Hp{0.07)]. The correlation coef-
ficient between [Hp (3)) of outside protective eyeglasses and
[Hp0.07)] was r = 0.82 (p < 0.01). The correbtion coeffi-
cient between [Hp(3)] of inside protective eycglasses and
[Hp(0.07)) was r =0.76 (p < 0.01).

statstically positive and excellent correlations
between the inside and outside doses (r=0.96,p <0
0.01). The regression lines using inside dose (mSv) as
an outcome value (y) and outside dose (mSv) as pre-
dictor variables (x) were, ¥y = 0.37x (R* = 0.93).
From the linear regression equation, the shielding
effect of the radiation protection glasses was esti-
mated to be approximately 60% in a neurovascular
clinical setting.

DISCUSSION

The ICRP statement from the 2011 Seoul meeting
suggested that eye tissue reactions (such as cataracts)
occurred at radiation doses lower than those set pre-
viously" . In 2012, a new dose limit for the lens of
the eye was proposed in the ICRP publication
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y = 0.83x + 0.1
e (R* = 0.70)
s Inside
a.40 . ‘_,.-".' r=079
P p<0.01

0.30 "

a.20 y = 0.32x + 0.07

(R1 = 0.63)
0.10 +7

0.00
0.00 010 020 030 040 050 060 070
Neck glass badge Hp(10) (mSv)

0.80

Figure 3. Relationship between Hp(3) and Hp{10). The
Pearson correlation test revealad statistically positive corre-
lations between the eye lens dose using DOSIRIS™ [Hp(3))
and the neck glass badpes [Hp(10)} The correlation codffi-
cient between [Hp (3)) of outside protective eyeplasses and
[Hp(10)] was r = 0.84 (p < 0.01). The correlation coaelfident
between [Hp(3)] of inside protective eyeglasses and
[Hp(10)) was r=0.79 (p < 0.01).

118"Y. The Intemational Atomic Energy Agency
(IAEA) received the recommendation of ICRP and
published the guideline (TECDOC-1731) in 2014,
For evaluation of the eye lens dose, it was recom-
mended that it be measured near the eve. Many
studies have been carried out to investigate the eye
lens dose of physicians during IR procedures™ 3,
The ICRP 103 guidelines (2007) recommend that
the Hp(3) value should be used o monitor the eye
lens dose®”. However, most of the facilities cur-
rently have been monitoring the eve lens dose with
Hp(0.07), and not Hp(3) values. In our results, the
physician eye lens dose tended to be overestimated
by the neck glass badge measurements, although
there was good correlation between the neck glass
badge dose [Hp(0.07)] and the eye lens dose mea-
sured with the DOSIRIS™ [Hp(3)] in physicians.
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Figure 4. Reationship between the inside and outside

doses There was an excdlent corrdations between the

inside and outside dosss of the DOSIRIS™ measurements

[Hp(3)). The shiclding effect of the radution pmtection

glasses was estimated to be about 6(% in a newrovascular
clinical setting,

One of the reasons for overestimating eye lens dose
by the neck badge may be that the distance from the
patient is close to the neck badge Furthermore,
when the physician wore protective eyeglasses, the
eye lens dose from the neck badge was extremely
overestimated. Therefore, for correct evaluation of
the eye lens dose, we recommend measurement of
the eye lens dose in neuro-IR physicians using a dir-
ect eve lens dosemeter, such as DOSIRIS™,

In our facility, neuro-IR physicians always wore
(.07 mm Pb equivalent radiation protection glasses
dunng procedures. Although, 0.5mm Pb equivalent
radiation protective glasses were heavier, and uncom-
fontable, 0.07mm Pb equivalent radiation protective
glasses were comfortable to physicians who must
often perform long procedures. The protective effect
of radiation protection glasses was approximately
60%. The shielding ratio of radiation protective
glasses was equivalent to that of the cardiac IR pro-
cedures reported by Haga er al.®¥

Table 3 shows the summary of our 6-month study
of three neuro-1R physicians The average doses per
case for three neuro-IR physicians were (.04 mSv/
case and 0.02mSv/case, outside and inside the radi-
ation protection glasses, respectively. Our results sug-
gest that the numbers of cases exceeding the
occupational exposure limit of the ICRP for the lens
of the eye were 500 cases per year without radiation
protection glasses and 1000 cases with radiation pro-
tection glasses. Although Haga er al reported

Table 3. Summary of our 6-month study.

Physicun A Physcian B Physician C
CAG (cscs) 11 13 32
IR {cascs) M i} 40
Total (cases) 45 43 2
DOSIRIS {outside) Hp(3), (mSv)
6 month 1.63 2.09 2.55
(1yr) 3.260 4.18 5.10
(mSvicase) 0.036 0.049 0.036
DOSIRIS (inside) Hp(3), (mSv)
6 month 0.75 09 1.61
(1yr) 1.50 1.80 322
(mSvicase) 0.017 0.021 0.022

occupational eye lens doses during cardiology proce-
dures using the DOSIRIS™; our study had lower
results ﬁarding the dose per case, compared with
theirs®* = *9_ One of the most probable reasons is
that neuro-IR physicians and other medical staff
stepped away from the patient and the angiography
room during high-dose acquisitions, such as DSA
using power injector. Another reason is that there
may be distance between the patient’s irradiation site
and the physician. The distance between the head
and the Neuro-IR physician is longer than the dis-
tance between the chest and cardiac IR physician,
with less influence from the scattered X-rays.
Therefore, the neuro-IR procedure may have less
radiation exposure than cardiac IR procedures.

CONCLUSION

In the Neuro-IR procedures, there is no actual meas-
urement report of the eye lens dose [Hp(3)). We dir-
ectly measured the eye lens dose [Hp(3)] of three
neuro-IR physicians, in clinically The occupational
eve lens dose was evaluated over a 6-month period.
The average doses per case of neuro-IR physicians
were lower than cardiac IR physicians.

The shielding effect of the radiation protection
glasses (0.07mm Pb equivalent) in a clinical setting
was approximately 60%. The eye lens dose of the
physicians tended to be overestimated by the neck
glass badge measurements, although there was a
good correlation between the neck glass badge dose
and the eye lens dose using the DOSIRIS™,

A comrect evaluation of the lens dose [Hp(3)] using
an eve dosemeter such as DOSIRIS™ is needed for
neuro-IR physicians.
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