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Patient dose levels based on the nature and complexity of fluoroscopy-guided endoscopic
procedures
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[Abstract]

In the endoscopic retrograde cholangiopancreatography (ERCP) performed with a C-arm unite and under-tube po-
sition, body size-corrected patient doses were totaled according to the nature and complexity of the procedure. The
entrance-surface air kerma rate at fluoroscopy was 4.81 mGy/m. In the endoscopic biliary drainage, endoscopic pancre-
atic drainage, endoscopic lithotripsy, endoscopic nasogallbladder drainage, and balloon assisted endoscope-guided ERCP,
the air kerma was 31.7 mGy, 30.8 mGy, 49.2 mGy, 140.3 mGy, and 155.0 mGy, respectively. The ERCP doses varied up to
about five times higher depending on the content. The ERCP doses in highly complex cases were about twice as high as
those in normal cases. In the future, it is recommended to consider the complexity and nature of the ERCP procedure
when setting the diagnostic reference level.
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Fig.1 Description of ERCP procedures as an
object of this study.

(a) Procedures with side-viewing endoscope. After the
removal of the contrast catheter, the procedures of
ERCP are divided into diagnostic ERCP (red lines),
endoscopic biliary or pancreatic drainage (EBD or
EPD) (green lines), endoscopic nasogallbladder
drainage (ENGBD) (blue line), and endoscopic
lithotripsy (EL) (yellow lines).

(b) Procedures with forward-viewing endoscope. The
balloon assisted endoscope-guided ERCP (BAE-
ERCP) is shown by purple lines.

IDUS, intraductal ultrasonography; ENBD, endoscopic
nasobiliary drainage; EBS, endoscopic biliary stenting;
ENPD, endoscopic nasopancreatic drainage; EPS,
endoscopic pancreatic stenting; EPLBD, endoscopic
papillary large balloon dilatation; EPBD, endoscopic
papillary balloon dilatation; EML, endoscopic
mechanical lithotripsy; ERBD, endoscopic retrograde
biliary drainage.

Fig.2 Cases with the complexity indices due in
ERCP.

(a) Juxtapapillary duodenal diverticula.

(b) Intra diverticular papilla.

(c) Proximal biliary obstruction. The top and bottom
images in the figure are the T. weighted image of
magnetic resonance imaging and the X-ray image
after endoscopic biliary stenting, respectively.

(d) Pancreatic guidewire cannulation. The image in the
figure is the X-ray image of a guidewire inserted into
the pancreatic duct and a catheter inserted into the
bile duct. In addition, the image on the lower right is
this endoscopic image.
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0.01 mGy/m [Pl + B ] (80 kV, 33 mA,
Sy 2§ 4.5 ms, PAfifE 0 0.01 mmAl BF :
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% interventional radiology O #&# & w3 17
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2-3 ERERDZEKH—Y
UL & 1170 ERCP D g D 7345 & Fig.5 (/R ¥
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(a) 1,000 T - . (b) 1,000.0 T

. s 1000 T
100 + -, 3

10 4 0 ¥

Uncorrected air kerma [mGy]

Uncorrected air kerma-area product

15 20 25 30 15 20 25
de': equivalent diameter [cm] de': equivalent diameter [cm]

30

Fig.3 Relationship between the equivalent
diameters of subjects and the doses before
size correction.

(a) Uncorrected air kerma at the patient entrance
reference point.
(b) Uncorrected air kerma-area products.
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Fig.5 Distribution of the patient doses after size
correction in all ERCPs.
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OB IHRMEOL L Z27HE2 HD T &
M LR £ ORI, K, T0.979, PraT0.971
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L BAE-ERCPUMN Iz B THEAP R I N

ThYH, HIEHCECMBEPHER S e (Jhi (p<0.01). $:1ZENGBD ¢ BAE-ERCP &, fho T
p<0.01). B HR3~SHHE LR o T

DRL & O % Table 2 (23§, FHOWNAEN DK
2-3-1 FEORBICLDXH ML, REX-GI study®D¥% & 2 PrE ETho 1.

HHWERCP (2361 2 FEO WA R O % Fig.7
R, FHONFC L 2HESEECRB S e

i D R O FRULEBIRE b R o 72,
EH EHGEOMEF Fig.81omT. FHONEFIZX

Table 1 Comparison of the patient dose levels with the DRLs in Japan.
Air kerma at the PERP: Kar (MGy)  Air kerma-area product: Pxa(Gy + cm?) Fluoroscopy time: FT (min)
it This study DRL study This study DRL study This study DRL study DRL
ems
Median Qs  Median Qs Median Median Qs Median Qs  Median Qs

All ERCPs 458 806 69 145 145" 151 247 16 32 32% 77 115 11 20 20"
(Diagnostic ERCP 789 131.8 33.0 926 93% 242 399 145 258 26" 104 154 6.8 13.6 14
Therapeutic ERCP 435 73.8 99.5 167.1 170® 146 230 17.9 356 36" 71 109 112 168 17*

The “*1” is REX-GI (radiation exposure from gastrointestinal fluoroscopic procedures) study, and the “*2” is Japan DRLs 2020. The “DRL
study” is the study, which is the source of “*1” or “*2”. PERP, patient entrance reference point; Qs, 3rd quartile (75th percentile).

- x
T e T e
| T | & 1
w1 w1
(a) 500 T Fe——— R —
*% | — L
(a) 10000 T (b) 1000 T — — —
« Fluoroscopy - Fluoroscopy [— E —
+ Cine T « Cine 400 + S g 4
1000 + 2 100 + _ 5
L 5 bt
= o £ 300 + S 60 +
2 8 o B
E 100 1 3 10t E 3
g & £ 200 1 8 a0 ¢
8 s = 5
< 101 R o % o g ° o °
< © 100 + g 20 + Q
g g
1 —~ ' ' ;2 E = = < . =
1 10 100 1000 10000 X O1 * t t 1 0 0
l . 0.1 1 10 100 1000 EBD  EPD EL  ENGBD BAE-ERCP EBD  EPD EL  ENGBD BAE-ERCP
0.1 Total air kerma [mGy] Total air kerma-area product [Gy * cm?] Therapeutic ERCP (Fig. 1) Therapeutic ERCP (Fig. 1)
©DRL (REX-GI study) ©ODRL (REX-GI study)
Fig.6 Comparison between the fluoroscopy and Fig.7 Patient dose levels in each content of ERCP

cine doses in all ERCPs.

(a) Air kerma at the patient entrance reference point.
(b) Air kerma-area products.
All are the doses after size correction.

procedures.

(a) Air kerma at the patient entrance reference point.

(b) Air kerma-area products.

The centerline in the box is the median. Box ceiling and
bottom are 75 and 25 percentile values, respectively. **,
p < 0.01. Other than that, not significant. EL, endoscopic
lithotripsy.

Table 2 Comparison between the patient dose levels of therapeutic ERCP and the DRL of REX-GI study.

Air kerma at the PERP: Kar (MGy)

Air kerma-area product: Pxa (Gy + cm?)

Fluoroscopy time: FT (min)

ltems This study REX-GI sutdy This study REX-GI sutdy This study REX-GI sutdy
Median Qs  Median Qs DRL Median Qs Median Qs DRL Median Qs Median Qs DRL
EBD 31.7 576 59 121 121 10.0 183 14 29 29 5.1 9.0 10 18 18
EPD 30.8 49.8 74 148 148 99 16.2 15 30 30 5.7 8.8 11 20 20
EL 492 76.2 62 126 126 164 248 15 30 30 82 115 10 18 18
ENGBD 140.3 4451 - - - 49.4 947 - - - 20.0 374 - - -
BAE-ERCP 155.0 266.7 - - - 474 70.2 - - - 19.8 324 - - -

The “EL” (endoscopic lithotripsy) is the endoscopic stone extraction of common bile duct stones and/or biliary sludge. In “EBD”
(endoscopic biliary drainage), the DRL adopts the value for distal malignant biliary obstruction. EPD, endoscopic pancreatic drainage;
ENGBD, endoscopic nasogallbladder drainage; BAE-ERCP, balloon assisted endoscope-guided ERCP; PERP, patient entrance reference
point; REX-GI, radiation exposure from gastrointestinal fluoroscopic procedures; Qs, 3rd quartile (75th percentile).

18 (578) & HABBETEG&EE 2025, vol.72 no.873
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Froll. FICHBEDOECIERNILER (a) Endoscopic biliary drainage.
. P (b) Endoscopic lithotripsy.
ERD & Jeir o 7. The centerline in the box is the median. Box ceiling and bottom are 75
FEH LW OME ZFig. 101K and 25 percentile values, respectively. **, p < 0.01. Other than that, not

significant. The “n” shows the number of patients.

Table 3 Comparison of the patient dose levels between the normal and complex procedures in therapeutic ERCP.
Air kerma at the PERP: Kar (MGy)  Air kerma-area product: Pxa (Gy - cm?) Fluoroscopy time: FT (min)
This study REX-GI sutdy This study REX-GI sutdy This study REX-GI sutdy
Median Qs Median Qs DRL Median Qs Median Qs DRL Median Qs Median Qs  DRL
EBD (=) 224 46.7 59 121 121 8.1 133 14 29 29 4.0 7.3 10 18 18
(+) 455 713 118 223 223 148 220 27 48 48 6.3 10.2 18 31 31

Items Complexity

EL (=) 44.7  ©9.4 62 126 126 163 226 15 30 30 78 10.6 10 18 18
(+) 59.8 915 62 126 126 205 285 15 30 30 9.3 127 10 18 18

The cases shown in Figure 2, in which the prolongation of procedure time has been pointed out and confirmed in papers '™, are highly
complex procedures, and the other cases are normal procedures. The patient dose levels of the normal and complex procedures are
shown by “(-)" and “(+)”, respectively. The “EL” (endoscopic lithotripsy) is the endoscopic stone extraction of common bile duct stones
and/or biliary sludge. In “EBD” (endoscopic biliary drainage), the DRLs of “(-)” and “(+)” adopt the values for distal and proximal malignant
biliary obstructions, respectively. PERP, patient entrance reference point; REX-GI, radiation exposure from gastrointestinal fluoroscopic
procedures; Qs, 3rd quartile (75th percentile).
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Fig.10 Fluoroscopy and cine doses of the normal and complex
procedures in the content of ERCP procedures.

(a) Air kerma at the patient entrance reference point.
(b) Air kerma-area products.

All doses are shown by the median. EBD, endoscopic biliary drainage; EL,

endoscopic lithotripsy.

T, FEOBEMEC I 2MEIFRE RIS A
(p<0.01). L»L, #ETld, EHLY S FHOH
MEVELC X 2 MR DERDNE o 1

3. & &

Japan DRLs 2020 ® ERCP ® DRL(%, #J1,3004
Bl IR E N TV 2 Y. KRR 76656 2 Uk
LTy, B—figko > 7B L TR TH 5.
FATHFZE S L i L TABIED KEIEEETH Y,
ﬁﬁ%ﬁd@%tiéﬁ%@%%ﬁﬁivkvza

SUHIERT OB & de L ORI A E LB H

L2EDG, HMBIIRECHERPS L2 4T AT
LEEZL. L, MRV, HEDAORK
FAMEEERE L TOL LRSS, Ky
L Pra t OHIRTI, FEHIZ ﬁkﬁ@m%ﬁ%aﬁ
& o THEBIH O FOV DEWV T & 5 Pra~ BB/ S
B ol A A, Prald, FOVOKS & #HLT 2 7C
WIZDRL TR E T2, DRL E AT, Koy &
[FIFEEEIZ Pra  THI -0 L FRET UL, AIIZET
DFOVOKE SIBHEYNIEFHINTVICEE X 3.

4 ERCP R G# I ERCP, FHOKNEIZLI 54
Mk, £MDRLEL Y KIEIZ PS> Twi, C7—
LBEER T VA —F 2 — TRy g, BEOWH
AR E BT 2 v ) BRI S FETEL
P00 KRB CTE T Y XA —F 2 — T DR
B REEETE R0, MokSRERE LT
BBEHOMBEOEKE P8 6115, ERCP ORIz
T, BHOMERT~OHE LD 5 LIRFBEATY
2P AR BT b, EHOMRRERED 7H %
H Tk Y, s L OMB L IFFCEm» -7 F7
20 (580) @ HAD

IR 28 2025, vol.72 no.873

BERE—F3LowZMALTV5C
LPoEEL TS, chb w2
5L, BHOMEOMK S BARIEOR
HEPHLTITV2EEZLR, &
HOMRZIM AL 5 2 E1Z ERCP OFEHL
HOMIFIZRS LR P LT L
2%,

ABFFETIE, Wi ERCP O IHH Y ERCP &
DMﬁm IEo T U, RO BRI ERCP

3 GHREMERCP O¥%% 5 %), EBD % EPD OF
Hunnm%&%ﬁﬂ@%ﬁﬁMbof£9$@J%
ZOFEBL EOMEMBMFESN T2 2 EWHEKNTH

5 t#x%. —7Ji, Japan DRLs 2020 T, H#M
ERCP & Y Z WA ERCP O DRLZRfEIZFRE L TV
B, 12, GEInTesTFEOSM TR N TV

VI, AEI S S OB R RET T 5 S E T E L.
DRLZA%ET 2B, £ 6 I THONEDNR
PRARTHIEPHLET L. IBEMERCP Tk, T
DNEDECIZ L Y FEAEDVHERS N, RAKTHSH
D#MH 12, EBD E EPD I FHEONEHEELLL T
WaICH, BMEOECHEC Lo L E LS. Sk,
ERCPD DRLOEF L L T, REX-GI study D & 9 (2

FRER THONAPICDRLZIRT 25 2 L ZLET
HY, WHEHIHE - S N v — D0l L IELEERIE
R BREMTIZ oW Tk, DRLOIEH #5513 TR
52 ERRETH. 272ENGBD % BAE-ERCP D &
S mal— gy TIIHHPES 2 T4
b, D ERCP L35 TDRLZFRLICHE L W
2 EARIES .

FH OB L DRL E QBRI T, BN
ORFEIGC TRE S ZILT 2 2 LRSS TY
2100 KRS BT b, BT B EBNE
HOHF & YR 2SR, %ﬁ%ﬁ'ﬁo)?%t‘
FEBIOH T S IERIC & - THEBOERDSHEES .
+ IR R LIRS L S AL ORER] Tk, R
B IC & A5 ERCP T FHIRERICHEE Y TS
BOLCIHET Bbs 2 trd, KKK



FRONBPESREERLEEE TRNESEROBERELAN

WA DBMFLD 5 S 3B H OREB] £ DA AL
DoICBENTH 2 LEZ 5. FFMEBORRERAE DIER]
&, FFPTEMBO S BRI LR R ORERIC 50
THEIERETH L2 ZL»s, EBD THEFED
KEF L A DI E A D, b B O RS
B> LB DN BB OB O BEE & - 1ER]
3, EIE D o ICOSE ORER] £ O EAE IR S
Nighrote, 2, BEOBHYEDEE 2 HE- 10
BIOY > TAE AL, BB RY Srotcl b
DR TH 5. BETA N7 AL 8#IR S nIGE
B, MRS DS NEETH - 1A RIS e T
B oy, mELY FHBEPEET 2. S
JOBHEMIEEL TH Y, BEEOMIN-E -1
L#2%. DRLOKSZEL T, REX-GI study T
FFFIE MBO OFER L Ak, BEH A F7 A v —ik
DIEF S WDX 5 E L TDRLZ %2 2 kL 2IRET
5. SR, WHETHOMSEOX " #5% 12
complexity indices # & ®, ERCP O % #ald
2P SHEFHIEL LT%5 5.

ENGBD % BAE-ERCPD & ) KA =av— 5~
TR ZET 2 THY tk0 T, B
HERE L, Mo T4 b TR D 5 70%7. B
PEBEIEGNZ BT Y, BEAA P74 v —iin®
RS NIEBID & 5 FHCIFER 2 2T 2RI s
T, MDFERF & A~ TEBURFR LA D H - 72
E LI INS DOTHREN, EHOMBOEE b
ot PHEEMOEESBHBEMOEES 120
L, BHOBEGHEL LD LIS L > TGRS &
2 LV RERIAURIBE T, BRI & ARE L DM
BMoms b, JOHEFERNI TS, Lo TEHRN
M2 #H 3 % 2 £ & ERCP ORI T 2 BERD
—DTH2 I E¥yhd, RKIFETE, EHOME -
MK - 705, FHEDRL & b FBHIRERT & Klig i<
B o1z, WEPFHEAICERRS v 2L 2 L AR
et v i s, YlEER T, BECDIRITERE
stakeholders £ DX G % U, safety culture O
IR o Tl 2O MADBEHIZI T 2K
M - B O B B E O M- D2y,
W8 M2 BHOBROBEIRIZFG LICL 2 5.

IR, KEROSMRREOT| & T T, K
EROBUE PEH BT 2Y. Lal, 28 %
WHT 2P T2 2 LWEEY %Y ThY,
DRLZ E & IR L THEZ T2 %h% 285 T
Boeuhe, sk h, BROBIXCKREERL L X
D REFH DT M B IR T & 2. KRB

HEICG ONTFROFISCHIET 2D TR, HEAD
HT2MBEOREZEHA 220 L TRV Zv. A
ez, HrREOTF— 2828 5T, CT—2 -7
VX —F 2 —T7 TOERCPIZH I} 5 FHOWEY &
BHEEO R CIERIBIOMBEDO HE 2R LIC. 5
Bl DR LS < A A1 TRERRI LY FiLEe
fiiic 0T, KO HEMEE L TART— 2 2FH L
Bt L T NEECTH 5.

4. f&

AWZETIX, CT—2 7 v X —F 2—7 TDERCP
(2351 2 FHOMNER & BRELE O & AE B ) o fi i
TR P4EE L, HAD2OODRLEREKEZ L. &
Wi ERCP # B\~ T, Japan DRLs 2020 % REX-GI
study ®DRL & Y K& Fll-Twre, iy, 7
K —F 22— 7 OMERIFIREEET S L 0D, Kae
DOMEFT4.81 mGy/m bt ) BHOBREOEKS L
B OB S D5 L Tv 5.

Z W ERCP O DRLIE FHONEDHRE N T
Lizw, IDUS RBRIUG £ DOFH L fF ¢ T17 9
BUEDO B ERCP L AL TR0 RES D 5.
$ IR ERCP T, WHIEEMNHE - B Nv o —
DA & NBISEIRRERS A BR AT, H=av—2a v d
TUERMPET 2 FERE, NECLVRKSHEOH
BRENELCTEY, 5%, THONAERTDRLY
RT IR LNG,

BEE A A N7 A X — 3RS NIHER R IFE T
NRESEAE 2 473 2 AERNE, WHOIER L IEN26513 &
DEMEIIR S, ThoD ) BFHOBME»E
JEBNZ BT, —EDODRL LD DRL % %
LT .

20X I, Mgk TDRL L O ® T 26, K4
BRI EP 522 [ T AD—D2 LR 20T, &
KAREDOFIH ZMETL Td L v,

AlEEY =)

FHHEH 5 L OHEZ R RN~ & FIREH X
e,

HRFR

AWFED—ERIE, 459 M JCHO HIRPEHHE GRS 2
(flilr) THELIC.

% 4 ¢ 21 (581)

05



$ ﬂﬁ' Arts and Sciences

ROFHA

Table 1 ERCPOBHBELANILEAFTOBRISELAL
EDLE,

Table 2 SHEHIERCPOBEEREL/NILEREX-GI studyTD
DU ELNILEDLE,

Table 3 ABMERCPICH[IDBEDFREEMLEFRED
BERBLALOLE

E DA

Fig.10 ERCPFEOARICHIFTDBEDFREBMEFRD
BREIREDIRE.
(a) BEAHEERICHBIIDEIN—N.
(b) EEERH— VF.
REEFLTHRETRSINTLD. EBDIFRREN
BEE R L —21fT, ELIZARBNEBREARENZ
Y.

SE

Fig.1 AREH N RETDERCPOFHEANA.

(a) MIBBEEBVDFE. ERCPOFHRIL EE
TERELUEIC, ZHERCP (Rig) &A
HENIEE - FEERLF—Yiff (EBD or EPD :
BIR), NRSEMRSEERLF— it (ENGBD:
BHiR), ARENEEEAREMN (EL: &ER)

[CREEND.

(b) E*ﬁ%“’&ﬁﬂt\%%ﬁ JNL—> 58 TERCP
(BAE-ERCP : #4%).

IDUSIEFERZEANBERIRE, ENBDIIRHRENRE

EESEH/T It (44E), EBSIZARERBERT

BB, ENPDIZFNEENREBEFEERLF—Y
1TJ, EPSIZFARHENEEZ T NEEM, EPLBDIE

HNBRBRAES — I /VL—V LR, EPBDIZAR

BHIFLEE/ UL —AGRT, EMLIZPRR SO O R

affr, ERBDIZREERSTIHEEBERLF—I1T (A

&) Z=RY.

Fig.2 ERCPICHIIDEHEDERZRF >IN,

(a) +iEEFEAEEE.

(b) MEENZLE

(c) FFFIZRABEMZE. FRISMRIDTA8FE R, T
X (ZEBS#EDXIREIRTHB.

(d) BEAARDAV—K BEECHIRIAV—,
BECHT—TILHBEASNIXIRERERT
KOETIC, NREDERZRT.

Fig.3 #BEOEMERARFHIERIDIRES DR
(a) BEANFEES(CHIIDERBBEDETH—N.
(b) REEOEEZESH—VHE

Fig.4 ZEMERERE FUUIIRDEH) CEEZESH—VEE
DB

Fig.s 2 TOERCPICHIFDFEHERDEEREDSH .

Fig.6 2 TDERCPICHIFTDEREIREDIRE L DLLEL

(a) BEAHEESCHIFDESH—N.

(b) mEZESH— 77’}*.

STHIRBIERDIRETH 2.

Fig.7 ERCPFHEODEABRDEERELANIL.

(a) BEAHEESCHIFDESH—.

(b) EEZESH—VHE

FRRORSFREZRY. FOLEETEIE N

ZFN75N—t2 V1 IMEE25/N\—E V51U EZ TR

9. **Fp<0.01, ETNUNFEEEMLL. ELIZAN

FIRWEE A REMNZRY

Fig.8 ERCP%&@W%‘LZ‘DUZ&E@KT& ZDIRE.

(a) BEAHEES(CHITDESH—N.

(b) EEZESH—VIE.

REFETHRETREINTND, ELIZAERHERIE

E’rnEF%ﬁm?&T\

Fig.9 JﬁE’JERCPLE[)‘%J_%@%B’Z&*E%EE?&UJM%
ffb?il.//\)l/.

(a) EBD.

(b) PIRSEHIABE #Ea BRI,

RROBRIIFPREZRT. FOLEETEE, ZFNZE

N75/\—t 51 EE25/\—1 V51 E%ERT.

*Ep <0.01, ZNUNFEEELL. n"I3HERE

BERT.

22 (582) & HARZHBEHRBMAH 2025. vol.72 no.873

1) EEFE<MRBBRRYT—2 (U-RIME) : BERDZE
SEL AN (20205 k). 67-71, 2020. https://www.
city.mito.lg.jp/uploaded/attachment/17121.pdf (= &
H : 2024%9A7H)

2) Shiro Hayashi, et al.: Diagnostic Reference Levels
for Fluoroscopy-guided Gastrointestinal Procedures
in Japan from the REX-GI Study: A Nationwide
Multicentre Prospective Observational Study. Lancet
Reg Health West Pac, 20(100376), 1-8, 2022.

3) Tsutomu Nishida, et al.: Multicentre prospective
observational study protocol for radiation exposure
from gastrointestinal fluoroscopic procedures (REX-GI
study). BMJ Open, 10(2), 1-8, 2020.

4) International Commission on Radiological Protection:
Radiological protection in fluoroscopically guided
procedures outside the imaging department. ICRP
publication 117, Ann ICRP, 40(6), 65-70, 2010.

5) RHEX, M ERCPEEFROEEEHKE. &, 20
(5), 587-596, 20086.

6) 7J<Hj>}E§< ff : HHERICHTDERERCPOIRRE 2%

ERPEEHEEE DM, Progress of Digestive
Endoscopy, 73(2), 97-102, 2008,

7) EtERBH fi TFE/\-KNIES EERGECHTD
RNRERE BE, 24(1), 30-34, 2010.

8) 9‘|‘:IJ.J$#EE ft : DRLs 20207% B £ Z 7 IVRF £ Al #% (F<
ik 3 BlEDRE, BREFE 79(2), 160-165,
2023.

9) International Commission on Radiological Protection:
Diagnostic Reference Levels in Medical Imaging. ICRP
publication 135, Ann ICRP, 46(1), 71-75, 2017.

10) R Ruiz-Cruces, et al.: Diagnostic reference levels
and complexity indices in interventional radiology: a
national programme. Eur Radiol, 26(12), 4268-4276,
2016.

11) Marialena Vossou, et al.: Diagnostic reference levels
and complexity indices in interventional radiology.
Radiat Prot Dosimetry, 199(3), 254-261, 2023.

12) Shiro Hayashi, et al.: Radiation exposure dose of
fluoroscopy-guided gastrointestinal procedures: A
single-center retrospective study. Endosc Int Open,
8(12), E1872-E1877, 2020.

13)N Buls, et al.: Patient and staff exposure during
endoscopic retrograde cholangiopancreatography. Br
J Radiol, 75(893) 435-443, 2002.

14) ZAER, it [EBEREX(CHITIARENRESNERE
HbT—D“ENGBDa‘aA:UW*E%“‘E’JHE%XT/ ~ITEGS®D
FAK BERESDIRAEZRME 29(3), 487-491,
2009.

15) Earl Williams, et al.: Updated guideline on the
management of common bile duct stones (CBDS).
Gut, 66(5), 765-782, 2017.

16) Nicolien J Schepers, et al.: Urgent endoscopic
retrograde cholangiopancreatography with
sphincterotomy versus conservative treatment in
predicted severe acute gallstone pancreatitis (APEC):



FRONBPESREERLEEE TRNESEROBERELAN

a multicentre randomised controlled trial. Lancet,
396(10245), 167-176, 2020.

17)&HAZ, i E+_EBRECERCPHLUREEFRK
E DR Progress of Digestive Endoscopy, 76(2),
35-39, 2010.

18) 7R 58, ft @ EE M ROV —BEBEE —HECHINSE
20V — HRHEBARRZSHE, 64(1), 70-78,
2022.

19) \BRHE—ER, ftb @ EEREREMICHTDNEK —HEEH
ARDAV—=EET LAy MEZHROC— BREIRIE
PR 36(1), 47-52, 2016.

20) IVASER, i @ XEREDRIE B8 (C KD 2 RTAXIRE B DR
SAECET2ERRS. RIEKRZFEFHMREFZRCE,
24(1), 39-44, 2015.

21) IEESIE - W& ABELREZ BV IXIRDER A EEL
REERE BREFER, 57(12), 1503-1510, 2001.

22) Donald L Miller, et al.: Reference levels for patient
radiation doses in interventional radiology: proposed
initial values for U.S. practice. Radiology, 253(3), 753-
764, 2009.

23)C L Chapple, et al.: A phantom based method for
deriving typical patient doses from measurements of
dose-area product on populations of patients. Br J
Radiol, 68(814), 1083-1086, 1995.

24) E4AHEE  SMTE BRER - REFTRS. $£280
FHERAABEOER. 118, 2020. https://www.mhiw.
go.jo/content/001066903.paf (Z8&H:20244987H)

25) Kanda Y: Investigation of the freely available easy-
to-use software ‘EZR’ (Easy R) for medical statistics.
Bone Marrow Transplant, 48, 452-458, 2013.

26) V Tsapaki, et al.: The impact of X-ray unit type used
for endoscopic retrograde cholangiopancreatography
procedures on patient doses. Radiat Prot Dosimetry,
171(4), 503-508, 2016.

27)K Smans, et al.: A study of the correlation between
dose area product and effective dose in vascular
radiology. Radiat Prot Dosimetry, 130(3), 300-308,
2008.

28) C J Larkin, et al.: Radiation doses to patients during
ERCP. Gastrointest Endosc, 53(2), 161-164, 2001.
29) KARFE : YBRDDENT —TILMRES LUIVRICH(F
BDHRIE{ERADEMA. BEKR+FES, 31, 27-30,

2022.

30) Peter B Cotton, et al.: Grading the complexity of
endoscopic procedures: results of an ASGE working
party. Gastrointest Endosc, 73(5), 868-874, 2011.

31) Greger Olsson, et al.: The H.O.U.S.E. classification: a
novel endoscopic retrograde cholangiopancreatogra-
phy (ERCP) complexity grading scale. BMC Gastroen-
terol, 17(1), 38, 2017.

32) Touko Kaasalainen, et al.: Assessing Patient Radiation
Exposure in Endoscopic Retrograde Cholangiopan-
creatography: A Multicenter Retrospective Analysis of
Procedural Complexity and Clinical Factors. Diagnos-
tics (Basel), 14(6), 656, 2024.

33) &% T/, 1 IVRICKE T 2 EEMDKIITEREDIEIEE
EEFEORE. BRERFEE, 63(4), 401-411, 2007.

34) Hiroshige Mori, et al.: A novel removable shield
attached to C-arm units against scattered X-rays from
a patient’s side. Eur Radiol, 24(8), 1794-1799, 2014.

35)Hiroshige Mori: Action research regarding the
optimisation of radiological protection for nurses
during vascular interventional radiology. J Radiol Prot,
35(2), 457-466, 2015.

36) International Commission on Radiological Protection
(ICRP): ICRP 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. ICRP Publication 118. Annals of
the ICRP 41 (1/2), ICRP, Ottawa, Ontario, 2012.

37) Kosuke Matsubara, et al.: A multicenter study of
radiation doses to the eye lenses of medical staff
performing non-vascular imaging and interventional
radiology procedures in Japan. Phys Med, 74, 83-91,
2020.

38) Masaaki Akahane, et al.: Radiation Protection of
the Eye Lens in Fluoroscopy-guided Interventional
Procedures. Interventional Radiology, 7(2), 44-48,
2022.

39) Keisuke Nagamoto, et al.: A multicenter study of
radiation doses to the eye lenses of clinical physicians
performing radiology procedures in Japan. Journal of
Occupational Health, 63(1), e12305, 2021.

A @ 23 (583)

05



