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o AFAUNARFKEEGLYEMELET -

s ETARPEARLMEENER -

ZERBEAAMOBHNEE

« % i # ¥ (Absorbed dose)

- Gray,1Gy=1J/kg
- rad,1rad =1cGy

A4t % &% % (Entrance Skin Exposure, ESE or ES Air Kerma,

ESAK)
Roentgen, 1 R = 2.58 x 10 C/kg
1R = 8.7 mGy AK

#|& & #% M (Dose Area Product, DAP or air-Kerma Area
Product, KAP (Gy - cm?))

£ # #] & (Cumulative Dose (CD, mGy))

4 1% #{ € (Equivalent dose (H, Sv or rem)) = D x wy
wg = 1 for x-ray

# 3B & (Effective dose (E, Sv or rem)) = Zw; x H; (for organ i)




BRI R SRE

o Bk BHINARRERBEZHERE > &

TFHZRE:

1. B2 A SR A BB ERFLBI00E
T BAEME—FAZ A BB ERFR
HWS0E T H ©

2. BRRAKSB2EFAEN—FARFRIB
150E ® # -

3. AR WB X ERHER—FARHFRIE
500% & 4 ©

BERAT R AR

o F10fk 16REISRESEIEEHSERTH
Yk REABERE  RTFFIZHE
1. —5RXEHRBERFRBBE B -

2 BRRABHEZFFREN—FRRFLE
50 & o

3. AR w2 ERBEN—FRRFLE
150F F ¥ ©

WHEERA R SRE

o Bk BEENBELHEBH AR SR
Fi% o BRI H TR RM > EHER RS
RESH—PAMEBZBHHE -

o F12f6 —MAZBERE KRTHZIRE:
1. —5NLEHBERFRBIEAEH -
2. BRRASHEL E/HEN —FARFLE
15E®H o
3. ER RmBZERBEN—FARSRIE
50 ©

TAE AR S a4t B RIR

$254 R R .35 4 K (primary) ~ B3R (leakage) B A S

(scatter) °

IHABRBHRENEZZRBRARAIHSM -

£1000 EAFITRIRA > &
100-200 A #AH 20 fEE
E|detector * HARGYMRU
(=424 R &) -

FARHEZmAMES 0 £
ERMAFHTHGE -

IAEA training material, RPDIR-L16.1 '

IHANRHBHR

EEHSMELHEN=REA

1. BRRCOEARERR] MW RE -

2. FERE MR AZIE FHRILHA -
3. B SREATHHE -

B 4% : A F #4%(As Low As Reasonably Achievable,

EACTORS C_>> HEIGHT OF STAFF

AFFECTING  |pi
RELATIVE POSITION WITH
SIACEDOSE RESPECT TO THE PATIENT

* IRRADIATED PATIENT VOLUME

X RAY TUBE POSITION

kV, mA and time (NUMBER AND
CHARACTERISTICS OF PULSES)

[> EFFECTIVE USE OF ARTICULATED
SHIELDING AND/OR PROTECTION
0

IAEA training material, RPDIR-L17.1

R EAR 6 B




TAEARMEBA B

ERBYARBRTBEBH BB
BHIEAREZRERIHRA -
ERGAMBRZEENITHAE -

TR AR B B AR AR

e E& M (Justification)
-BRIELBHRERIELZ NG

+ #% ¥4t (Optimization)
-BERETOTERITRE  ERPHELDEH LR
AHMAART > FEFERANEHAEE -

IAEA training material, RPDIR-117.1

Ja ANB AR N R #9851 B 8 St

1. ﬁ A ¢ f&R#ZESAKR=40 mGy/min
B AR =30 min, ESAK=1.2 Gy °
# & | (Digital run) T & £2-10 4569 F R
2Gy BB F T ALY ey B b
— BR300 NN TR RS Gysy X N A & (RER
HERTXAAM) » o ETERRENLKEE -

2. J’_'ﬂEAE TB3%40 u Gy/min > HBHEAGTHZ— -
1B3% —fBprocedure * % AJFE1Gy » AR EHH1 mGy °
TSR B FAL B B HE#99% > R T AR AT4% £0.01 mGy °
IAEA example for ERCP
- Effective dose ~ 0.07 mSv/procedure
- Dose to eyes around ~ 0.1 to 1.7 mGy per procedure
- Dose to hands around ~ 0.5 mGy per procedure
&5 A#10K > R A A HAEH 0.7 mSv ’ eyedose H &
1-17 mGy ° hand dose # % 5 mGy °

NS R 52 4 B = S

Procedure Skin Dose Author,
Year,
Journal
Coronary Cumulative dose Cusma
Angiography (CA) |[CA: 126 mGy 1999
Intervention 1: 3582 mGy JACC
without CA (1) 1+ CA : 3301 mGy
Cerebral CE : 160 — 180 mGy Mc
Embolization (CE) |BS : 110 mGy Parland
Biliary Stent (BS)  |NE : 110 mGy 1998
Nephrostomy (NE) BJR
Radio-frequency Skin injuries Vano
cardiac catheter Cumulative dose/procedure |1998
ablation 1100 —1500 mGy BJR
Radio-frequency Skin injuries Wagner
cardiac catheter Total skin dose : > 2500 mGy | 1998
ablation RSNA

IAEA training material, RPDIR-117.1

A SR 92 4 B & 6

Skin Dose Author,
Year,
Journal

Procedure

Zweers
1998
BJR

TIPS 400 - 1700 mGy

Neuroradiologic
Procedures

Frontal : 1200 mGy Gknatsios
Lateral : 640 mGy 1997

32 5% £ M BUE

(in 25% of the cases, skin | Radiology

dose > 2500 mGy
Radio-frequency Maximum Skin dose Geise
cardiac catheter 90 - 2350 mGY 1996
ablation (pediatric) PACE
PTCA PTCA : 106 mGy Vano
Hepatic Embol. (HE) |HE : 500 mGy 1995
Cerebral Embol. (CE) | CE : 350 mGy BJR

IAEA training material, RPDIR-L17.1

Balter et al., Radiology, 2010
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s PHRRARLHE AR -
AEAAREH R bE TR -
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Hiaga e8I - #emp st
TR HIEHIE R R -

ERMPBRERHOENER

STOCHASTIC
EFFECT

DETERMINISTIC
EFFECTS

HEREDITARY
DISORDERS IN THE

DESCENDANTS SKIN INJURIES

IAEA training material, RPDIR-L17.1

BEXRE
o HEREEA M EYET O E BB R -
o HRBPH KB E(mSv)T HKAP (Gy - cm2)4EEt ©
s HR{LIRBREK |

Dose Conversion
Coefficient (DCCE)
[mSv-(Gy-cm?) ]
lrinary studies [cystometrography, Cylstographv, Excretory urography, micturating 018
Noncardiac diagnostic procedure:
[Peripheral vascular (all types) 026
[Renal Antegrade Retrograde 018
[Renal angiogram, Abdominal 026
[cervical spine 013
[Pulmonary angi 012
Noncardiac i ional vascular procedures
[Percutaneous transluminal 026
langioplasty (PTA) -
fstent placement [Renal/visceral PTA with stent, lliac PTA with stent, Bile duct, dilation 026
[and Stenting
lembolization Pelvic arterial Pelvic vein 026
ovarian vein, Other tumor
Cardi
IDiagnostic coronary angi 012
lInterventional procedures lAngioplas 0.20-0.26
inal coronary angioplasty 0.18-0.28
026

Examples selected from NCRP Report160

PERBM C RER

r -
N

G

B

!

Radiation induced opacities in the lens of an interventional radiology
specialist subjected to high levels of scatter radiation from an over-table
X Ray tube. (Photograph from Vaiié et al. (1998)).

ICRP85/IAEA training material, RPDIR-117.2

0.5-2.0Svina
SINGLE EXPOSURE
S 5 Svin FRAC. EXPOS.
>0.1 Sv/year CONTIN.
ANNUAL RATE

IAEA training material, RPDIR-117.1

FENS .
ERMERKE
Coronary angioplasty twice in a day followed by bypass
graft because of complication. Estimated skin dose = 20 Gy

16-21 weeks post procedure

6-8 weeks post procedure 18-21 months post procedure

Shope T8 . Radiation-induced skin injuries from fluoroscopy.
http://www.fd: liati i i i

uc
n/MedicalX-Rays/ucm116682.htm  U.S. Food and Drug Administration.
Public Domain
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c FHAXBEABHARRLERBORKENEE -
Radiation injury in a 60-year-old woman PHAHE—HEXHE mXA—BEHEED -

subsequent to successful

neurointerventional procedure for the * # #‘?iﬂ g By i)! REBREHHE ‘ﬁ%‘&g)ﬁﬁfsﬂ B
treatment of acute stroke. Estimated BExHREH ‘iiﬁ Bl 2 ey W5 F 85 0 M B AN —ER

fluoroscopy time was more than 70 minutes; ili] ﬁg °
43 imaging series were performed during

course of the procedure. The head was not o HAHIWHA RELERFBERAS Gy#ERT »
shaved. Note focal epilation on scalp and * ‘Q‘ﬁ‘iﬁﬁfﬁlﬁ-ﬁ-ﬁﬁ&ﬁ RXREERE -

skin injury on neck but not on scalp
c B RBEMERIBRERFELNHBEE €%
ERTRBERFMERHEREARLTRE -

Balter et al., Radiology, 2010 Translated from Balter et al., Radiology,’2010

> . 3
EHIE - /%
Tissue Reactions from Single-Delivery Radiation Dose to Skin of the Neck, Torso, Pelvis, Buttocks, or Arms
Singo SteAcute NI Skin Reaction Approximate Time of Onset of Efiects
Band Skin Dose Range (&))" Grade’ Prompt Early Midterm Long Term
A 02 NA No observable effects Noobservable effects  No observable effects No observable effects
expected expected expected expected
R 25 1 Transient erythema Epilation Recovery from hair loss No observable results
expected
B 540 12 Transient erythema Erythema, epilation Recovery; at higher doses,  Recovery; at higher doses,
prolonged erythema, dermal afrophy or induration
permanent partial epilation . ~ 2 v
c 10-15 23 Transient erythema Erythema, epilation; Prolonged erythema; Telangiectasia’; dermal ﬁ%% 7 —'- ﬁ # 4’? }? ﬁ IJ
possible dry or moist permanent epilation atrophy or induration; skin ’?‘/ 70 73N
desquamation; recovery likely to be weak
from desquamation
D =15 34 Transient erythema; after  Erythema, epilation; moist  Dermal atrophy; secondary  Telangiectasia; dermal
very high doses, edema  desquamation ulceration due to failure of atrophy orinduration;
and acute ulceration; long- moist desquamation to possible late skin
term surgical intervention heal; surgical ntervention  breakdown;wound might
likely to be required likely to be required; be persistent and progress
at higher doses, dermal into a deeper lesion;
necrasis, surgical surgical intervention likely
intervention likely to be. tobe required
required
Balter et al., Radiology,’2010

BRI B EBA M Ak aEZ
B RI2. THE A B ke 15 Bl BRI
BRI3. TR ERXENBEART

BRIA. JEE 538 hn s B 9gm AR 5B y-8:-Upl

B RIS, 454 m AL AR B B ey SE AR & B A e 3 o A &t & @ B B
B R6. ) 1 A AR T hE
B R17. 15 Pl B AR R4 BE 2F
BRI8. ) ok B R

B RI9. & FA 358 B

B R10. 18 A %3 4 B 4
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ESD 1 unit 2-3 unit 4-6 unit

BEEH w5em * AR BRI FAHwRMLUAL o

IAEA Training Material, NCNR-LO6A

%@A%@ﬁé’ﬂv)\%i@ﬁdé

CFp
Rat

Angiographic Fluoro Rate

Projection (R/min) (Wimin)
AP 31 38.8
RAO 30° 19 203
LAO 40° 2.0 21.6
LAQ, 407, Cran, 30° 80, 99.1
i TAQ 40, Cran 407 9.9 12363
LAO 40", Caud 20° 29 341

. e
3

IAEA Training Material, NCNR-LO5

3 e AR E g3 Ao TAEA B B 825
* RARABEHAT

AR RARER
ERHRR

® F%’ﬂ&ﬁ /\ﬁ']i > \'\ ‘\M
TUBEIEAR @ 2

BEHAEE - //1 \\\ ////g\\\\

B RI2
THARRSEERGEUEER

yh A RAZ WK B AR
4-8mSv/; ‘ o.\4-;).§r}§‘v/h >D
'S e

Modified from IAEA Training Material, NCNH—LOS

BFENEHRZI

s FENEHERA > €W E&H (2o kVp,
mA) * L E&HE A T ABEBHEE -

c BAYRBUREEMNT TR FAEH R
NZRE -

s ERSFETERIEAR FHAHE 12
RENEL R FRIBG RELEH &
mEEAtEE o iR ABE °




XAEEPRERT R THFARRES

Ex. 100 kVp, 1mA, field size=20x20 cm, dose rate=1Gy/h

mGy/h
2.2 (100%)

2.0 (91%)

B A3
XAETREZEENMERT

mGy/h
1.3 (59%)

1.2 (55%)
1.2 (55%) p
1.3 (59%) :
J/ \
1.2 (55%)

1m patient distance

2.2 (100%)

1m patient distance

38
Modified from IAEA Training Material, NCNR-LO5

BB RBEBIEZHANAMNDS

s XAF B RN HREKRZ L
s THABNERERSRITDRTHELR

BRARXERSEA > LEKRE -

R R4
BEEHmXAE Hm ARIE

PRIEFXFE R BER A

s TPHRIEE
1/9 unit 1/16 unit

1 unit 1/4 unit

ol |

>\
3 I
f 70cm

L )
!
i/ T
y 40cm

ESD
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c AARFRERBAES > &8 £ FRBRER
MR ARTAEARRBHEE -

JE R 5
R ARG EEBEREENIESE

o Rm AR GEEWER EIEaEa K K
o ABCH 3% Jm32 5 By
o HIBEH M w5

o TR ERLIBEIRFE > TLESID &4 > A
BRBGEWE EfR AIESE

@i

R AGENCE B RS K R B F 3 A
@ @ 30cm
O & &

60cm

T T
=
!
\

80cm

| 50cm 50cm

D —
%,{%3&_ %i{ ﬁ/ﬁf ﬁ& ﬁﬁ A ESD 1 unit 2.6 unit 1.4 unit
v G
o BARBEA(“MAG”) R4 % BT B KB4 -
1283 s ARBAEH EA B E

R A 6 e e
RV AE R B K RE IaHaT e Herth
6” 1 ]

L \
N 7 T 7]
N A r

Pixel size 0.15 mm vs. 0.23 mm




o NG RREF -

 RBRBK AR
Hpo -

BRAEBETHRRRE

Voltages applied
<— toelectrodes —>
adjust focusing

ATC in
X-ray flu ﬂ lence

. Colimators
Adjust

No Magnification With Magnification

Bushberg, Essential Physics of Medlcal
Imaging, 3" Ed. 2011

BAHBEHVE

s HBBHBENBE
- BN EREHRAEFERY 0 ABCA S §3Hivig
il ReEHERNRE
— Bl EHEBRLBFFH RIEL -

s HPREARBOBE
- BERBEHNALBITER -

c ERAETHRKNE BB RAEK

Kk%%%ﬁa ﬁ

MAG 2, 23 cm FOV, 3.0 dose units

Normal, 40 cm FOV, 1 dose unit

MAG 1, 33 cm FOV, 1.46 dose units

MAG 3,17 cm FOV, 5.5 dose units

KB 7
18 A & B AR FRH R EF

* RP

EH&

SR TR o AER AR R -

R EERNFR

TAMAREL S B4 0 AR BVGHILE -
BB B ETURD EETARE -
TURBEAERETNEE > flde BRI -
HmBERHEA AR Bl FHRBR 8B
HERBE

ST & FHRE -
EERRBBRIAT > TURY X BRTHME -
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EREMREEL-E ATHREAMNRZE e AR T D
HEF o T H AR EREFEERAE SR E -
BASF — G B A& 15 R 1% &

R 8
%20 B E B R

%2 AR
- RERAHERFALHR
« REFRERARAATH

* FIATRF A BESHBRERD B —AHEHRHY
B E (% B4R R T4 X B R

<

1% A Bkt XE R R

s ETHMEAREREAHEY
. Eﬁﬁﬁﬁ};{%% t %15 58 F LT B4&frame rate
Ex./)»

a2z 33ms 8ms Same area
38 Ple— i i i
£¢lag. | i 30 FPS
£ o i
8¢ 3
T ,v
b g 7 s MERF - BR
gl I . LY TYs
o g | .
S8
28 4
<
- 15 FPS
1 :2:9.5 4

Time——>

Bushberg, Essential Physics of Medical Imaging, 3" Ed.2011

2 cinetly R $

s Cinetb — B FZERBY & T B BAF

Siemens Axiom Artis Siemens Axiom Artis

Fluoro low dose Cine normal mode

20 cm PMMA 20 cm PMMA

13 uGy/fr (entrance PMMA) 177 nGy/fr (entrance PMMA)

B R9
&R EEBER B R

10



« RRBERFER

ARFELH—FEE mGy/hatlm mGy/hat2m
BB IR 0

- BEMER 8B Prct
5 & (injector) » > 13 033

BEITHEARE PPN
ERABIE - \

Modified from IAEA Training Material, PRDIR-L16.2

o PR ERN H
FERRERERLE
— 4% A table curtainF¥

# TR
— 1% A ceiling

suspended shielding

By AT

T B & NCRP No.168

55 R,
R

S53AH
SR GE
wts : ‘
Shielding PAD |+ Vi .~ 8

0.75 mm

SR GE
< 0.5 mm

sFE

http://www.radpad.com

R

o BEREE—##0.5mm
(% F&I5% A L2 %5
5)

c BREZERE - BEI
B 3 RIRH

s MEBEIMABZFHRFIE
FER(ReLB) 5 E

R RJ10
18 A8 5% B 4

ERBAR ETTERAEE

. BlERE R
. T R R JE
- }tiﬁ:@:ﬁ;ﬁ@%' BELEAME

o #8564 ¥ (Thermoluminescent
Dosimeter,TLD)

+ FR R & A E 3t (Optically
Stimulated Luminescence,OSL)
- BAEAAER S AR5 AR T
WE  RHER BB T ALF -
- REBRERRHLHATLALRE
H R Z 5T
- 2 ERFEK{ZT AR
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B ERMERBALE

B iR HtbFr X

B A AL —
Eooaxrs 7

— B &3t ECER o
NCRP report No.168
A

REREEEZRR
C REMEREAN (b EA) % FRNRT
ZARHEREMMEE

c HEAITHARRRREEALER  BRETH
MRk ~ hfr - BELTFA -

s BRRBIARRBZAHRAERE - Hlip
—fTE8EAE  1mSv/A
—FAELAE amsv/A

R A48 A B Z 3
. EEAE

;RI:J)CRP report No.1683 3 » & A& 3%

- ERELZ FHBETHERE
— S FRAE2.10% (50 mSv)
A e

. BB EBR
o BATNARRCEE DR

- &g@&ﬁlﬁ)ﬁﬁﬁ:ﬂ‘ﬁﬁﬁﬁ

ZHREHREM(G  XEEH @)

- BPEMAEEE

s —REMEEE
-REE SRR ARTSR
AR EEEZR

PP Wb ) B

7l & 3t

REZ B HRBBAREEIEHIE

Radiation
protection
measures

Lens dose, optional
Finger dose, optional
Second dosemeter

Image outside and above the apron
intensifier 2 at the neck, optional

Personal dose
dosemeter behind the lead apron

Patient

Dose limits
of occupational exposure
(R 60

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

Anual equivalent dose in the
lens of the eye 150 mSv

skin 500 mSv
hands and feet 500 mSv

Avoidance of radiation injuries from medical
interventional procedures. ICRP Publication 85.Ann
ICRP 2000;30 (2). Pergamon

HEusk 2 EFR

BRE R AZINMANELD R

s BAR I BTHERRBARE
— A B AT E 1 334 risk/benefit
—ETHAFEALT > EHREEFLEBHEB
5.
- RARBRATEHRRMEREREI  UARERA
B -

— HF R oA AF RN T EL AT S B 188 52
a‘] i \g] 20“'30% (IAEA training material, NCNR-LO6B)
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Thank you for
your attention!

ki 23
Tlew > HorkRESEKR
BEM > FI18FB
W R SRR
EISERY T
Bl RRAE

13



