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Uranium-238

25mm (1 in)

10 gram sampie

Uranium-235

Con

A laf
\plet

General

Name, symbol

Neutrons

Uranium-238, 239

146
92

Nuclide data

Natural abundance

Half-life
Parent isotopes

Decay products
Isotope mass
Spin

Decay mode

Alpha decay

99.2745%
4.468 billion years

242py ()
238pa (")

236.05078826 u
0

Decay energy

4 267 MeV

Uranium metal

Name, symbol
Neutrons

Protons

highly enriched in uranium-235
Complete table of nuclide
General
Uranium-235, 235
143
92
Nuclide data

Natural abundance | 0.72%

Half-life

Parent isotopes

Decay producis

Isotope mass

Spin

Excess energy

Binding energy
Decay mode

Alpha

703,800,000 years

235p,

40914.062 + 1.970 keV
1783870.285 + 1.996 keV
Decay energy

4.679 MeV
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Acute Radiation Syndrome (ARS)
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Areaof the skin dose injury
50
40
30

Angulation

Rotation

‘ Chronic total occlusion

N procedure made at the SCUH
‘ on October 2010. Cinical

.' follow-up. Image 45 days

| after the procedure.

Importance of a patient dosimetry and clinical follow-up program in the
detection of radiodermatitis after long percutaneous coronary interventions.
Vano E, Escaned J, et al. Cardiovasc Intervent Radiol. 2013 Apr;36(2):330-7.




Table 2.2. Thresholds for tissue reactions (ICRP, 2007).

Tissue and eflect

Threshold

Total dose in a
single exposure (Gy)

Annual dose in the case
of fractionated exposure (Gy/year)

Testes
Temporal sterility
Permanent sterility

Ovaries

Sterility
Lens

Cataract (visual impairment)
Bone marrow

Depression of haematopoiesis

Heart or brain
Circulatory disease

0.1
6.0

2.0

>().2

0.5 divided by years of duration

>(0.4

0.5 (total dose for fractionated exposure)
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o« BH=XRIFHEPEEEZ (detriment-adjusted
nominal risk coefficient)
— AR -5 1 Sv 10 5.5%
- ERRE -5 1Sv 180 0.2% (B EEREE)
o A EEREERTERN
- B—REHE > 100 mGy i > SI8sm b E

1 chest CT scan ~ 8 mSv = 20 mGy to breast
5~ 15 CT scans =2 carcinogenic effects
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AT T
*7“2'—_?—)‘& = Hiroshima and Nagasaki

For the average radiation exposure of survivors within 2,500 meters (about 0.2 Gy), the
increase is about 10% above normal age-specific rates. For a dose of 1.0 Gy, the
corresponding cancer excess is about 50% (relative risk = 1.5)

The excess number of solid cancers is estimated as 848 (10.7%)

Table. Excess risk of developing solid cancers in LSS, 1958-1998

Weighted colon dose Cancers

G LSS subjects Attributable risk
(Gy) Observed Estimated excess

0.005 - 0.1 4.406 1

75

179




The dose-response relationship appears to be linear, without any apparent threshold
below which effects may not occur
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The probability that an A-bomb survivor will have a cancer caused by A-bomb radiation
(excess lifetime risk) depends on the (1)dose received, (2)age at exposure, and (3)sex.

Other analyses (not shown) indicate that females have somewhat higher risks of cancer
from radiation exposure than males do.
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Attained age (years) Attained age (years)




Study

| AP Pelvis
| PA Pelvis

| Lateral Pelvis

AP T-S pine (narrow)

i Lateral T-Spine

| AP Lu mbar Spine

| Lat Lurmbar S
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Estimated Fetal Radiation Dose Based on “Typical” Exposure Yalues

Fetal Dose mrem, (mSv)

|| Early Pregnancy | 3-Month 6-Month | 9-Month

144 (1.44) || 131(1.31) || 127 (1.27) || 157 (1.57) |

40(0.40) || 16(0.16) || 232 (2.32) || 100 (1.00) ||

53(0.53) | 32(0.:32) || 48(0.48) | 52(052) |
1.8(0.018) | 1.1(0.011)]6.9 (0.069)]
12(0.012) | 0.8 (0.008)] 4.6 (0.046)

| 0.6 (0.008) ][ 1.7 (0.017)][ 3.2 (0.032)
197 (1.97) || 394 (3.94) [ 926 (9.26) |

62 (0.62) || 84 (0.84) |

1 mrem =0.01 mSv
1 Gy (gray) = 1 Sv (Sievert)

EXF IR
5T -

23

- EieREIE > 0.1 Gy - oJgeZ2ER M

13 (0.13) |

—HRmsE - lBREHIE <5000 mrem
(0.05 Gy, 50 mGy)HIIRE &if4 52
LT -

https://radpage.wordpress.com/radiation-
dose-tidbits/

MREM DOSE
IMAGING of MOTHER TO FETUS

Femur (distal) CR
Hip & Femur {
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Time Post Conception

Dose* to the Blastogenesis Organogenesis Fetogenesis
Embryo/Fetus (up to 2 wks) (2-7 wks) (8-15 wks) | (16-25 wks) | (26-38 wks)

e —— "~ Noncancer health effects NOT detectable |
radas

0.05-0.50 Gy (5- Incidence of failure Incidence of major  Growth retardation possible
50 rads) to implant may malformations may | « Reduction in IQ possible (up
increase slightly, but increase slightly to 15 points, depending on
surviving embryos Growth retardation dose)
will probably have no possible Incidence of severe mental
significant retardation up to 20%,
(noncancer) heaith depending on dose
effects

Acute Radiation

Noncancer health effects unlikely

Incidence of

> 0.50 Gy (50
rads)

The expectant
mother may be
experiencing acute
radiation syndrome
in this range,
depending on her
whole-body dose.

Incidence of failure to
implant will likely be
large+, depending on
dose, but surviving
embryos will
probably have no
significant
(noncancer) health
effects

Incidence of
miscarriage may
increase,
depending on dose
Substantial risk of
major
malformations such
as neurological and
motor deficiencies
Growth retardation
likely

Incidence of miscarriage
probably will increase,
depending on dose

Growth retardation likely
Reduction in IQ possible (>
15 points, depending on
dose)

Incidence of severe mental
retardation > 20%
depending on dose
Incidence of major
malformations will probably
increase

Incidence of miscarriage
may increase, depending
on dose

Growth retardation
possible, depending on
dose

Reduction in IQ possible,
depending on dose
Severe mental retardation
possible, depending on
dose

Incidence of major
malformations may

miscarriage and
neonatal death will
probably increase
depending on dose’

increase

*Acute dose: dose delivered in a short time (usually minutes). Fractionated or chronic doses: doses delivered over time.
For fractionated or chronic doses the health effects to the fetus may differ from what is depicted here.

tBoth the gray (Gy) and the rad are units of absorbed dose and reflect the amount of energy deposited into a mass of
tissue (1 Gy = 100 rads). In this document, the absorbed dose is that dose received by the entire fetus (whole-body fetal
dose). The referenced absorbed dose levels in this document are assumed to be from beta, gamma, or x-radiation.
Neutron or proton radiation produces many of the health effects described herein at lower absorbed dose levels.

tA fetal dose of 1 Gy (100 rads) will likely kill 50% of the embryos. The dose necessary to kill 100% of human embryos or
fetuses before 18 weeks’ gestation is about 5 Gy (500 rads). § For adults, the LD50/60 (the dose necessary to kill 50% of
the exposed population in 60 days) is about 3-5 Gy (300-500 rads) and the LD100 (the dose necessary to kill 100% of the

exposed population) is around 10 Gy (1000 rads). https://radpage.files.wordpress.com/2010/12/cdcprenatalradiation.pdf
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1Z BE PR BE

| I-_':-rl!‘el-li‘-"E"1 Medium-lived
fission products fission products

Prop: t, Yield Q* By Yield Q* py*
Unit: (Ma) (keV) * '

9T 021161385 294 B
12850 0.230 0.1084 -

T35e 0.327 0.0447

#37r 1.53 5.4575

Prop: ty

z

Unit: (a)

123Ey 476 0.0803 By

SIKr 10.76
113Mcg 141
5128 9

1370g 30,23
5.5 1.2499 121mgn 439

12.7 0.8410

Ma = megaannus = BEF
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1014 yr
102 yr

1010 yr

10% yr
106 yr
L 104 yr
- 100 yr

-1 yr
- 10° s

10*s
100 s
ls

102 s
- 10~ s
- 107% s

L 108 s
no data

Isotope ([EMUZ)
(BEFE1Z ME)

in(32Pb)BNEBE AR - IRERIEU
% : Pb-204 (14% ) - Pb-206
(24.1% ) - Pb-207 (22.1% ) A0
Pb-208 (52.4% ) - & —T&Z2 -
238 ~ #-235MNEt-2324L1B— %5
HEBHNREEY) - BERERNF
READ BIE4.47x10%4F ~ 7.04x108
FML4x100F - REPb-2042H
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1 107 6.24x1018 6.24x1012

418 4.18x107 2.61x1018 2.61x1012

1J=1nt-m=1kgm/s?-m
1 nt=10°dyne = 10° g -cm/s? lerg=1dyne-1cm

- BEEHEIR - E=mc?2 (m BEFILLES)
E = 9.109x10°3? x (3x108)2 = 8.198 x 10 -4 J = 0.511 MeV
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— P BEEFHIEES 2.70x108 ms! - HEEELN A ?

se = 0.511 0511 _
BEE E = \/ e = Foa s 2.294 X 0.511 MeV = 1.172 MeV

3x108

%

e

Z[X]

C

HkREFFFE= (0.511 MeV) - Bl EFRIEIEE(E)&1.172-0.511=0.661 MeV



2 e ol A
fiE = ;I B
1. EH P FEgE=0.05eV ' BZPFHNEENEZ/DN? (FFEERE 1.67x1077 kg)
A. 3000 B. 3 x108 C.1.2x1012 D. 4400
2. 5B EHRENREZLENISY - IHESEE A5 IIES%E?
A.2 B.4 C.5 D. 8
EF—EBEFEB20MeV 285 - AIEBEHEBEE MARFILEEE my Z24E7
A.10 B. 20 C.30 D. 40

4wk NEEFEEE 2 0.936 MeV - BEFRIFFILEER 936 MeV/c? - AIEF

NWEERFWENE?
A. 600 B. 9490 C.13420 D. 300000

5. Mo Z 7 ESEREES - 0RE&EARUE?
A BT B.oh ¥ C.EBF D. 56F



2 e ol A
fiE = ;I B
1. EH P FEgE=0.05eV ' BZPFHNEENEZ/DN? (FFEERE 1.67x1077 kg)
A. 3000 B. 3 x108 C.1.2x1012 D. 4400
2. 5B EHRENREZLENISY - IHESEE A5 IIES%E?
A.2 B.4 C.5 D. 8
EF—EBEFEB20MeV 285 - AIEBEHEBEE MARFILEEE my Z24E7
A.10 B. 20 C.30 D. 40

4wk NEEFEEE 2 0.936 MeV - BEFRIFFILEER 936 MeV/c? - AIEF

NWEERFWENE?
A. 600 B. 9490 C. 13420 D. 300000

5. Mo Z 7 ESEREES - 0RE&EARUE?
A BT B.ohf C.EBF D. 56F



ENFEYBNRREER
%U@Jﬁ%%ﬁ Bremsstrahlung radiation

Full wave rectification circuit —
a bridge consisting of four

valve tubes Ne Aha
ode

X-ray tube

Cathode

Secondary side of high
voltage transformer
(e.g., 60,000 volts AC)

Primary side of high
Vonage transformer Step down transformer |

(120 volts AC) for tube filament

Electric field : kv~ MV Tube current : mA~ A

ﬁtEﬁ?ﬁl?
RENE (V> V,)>
gIE % (p=mv) >
BEENE (E;>E,)>

Hl EERGI e FBEE E, = E; — E,
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i - DRIEFIRE B EET| A
Eout+Etr c %%%\7%
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PN

HIBNERET(E,,) | HFEE © BIER - O FHEIR - SAN(E,,) | (B)

BE
Ei

Tt HH||]]

___E?’_@ET_(EE)___________________________E”J_f%zﬁ—_T_.
4
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181k (D) e




FEARRXE{ERNEI=
AN FE = N,

EMEPREREFAEFRE=n

EMEDRESEERBNYEER = Ax L B MENET
REVEFREE = | Q)M EHE T
n=pNAx (3) N FHIBES
=15

T/ NNEES - XFEYBEREFERBNEESN =Ny—n
> AN = N-N, = -n

> AN = - © Ny Ax BB pAx <<1

2> dN = - u N, dx

> 1/Ny dN = - p dx

> EmERRED

> InNg=-pux + C Hx=08 - C=InN,
> FARIT - BHERINMS

2> InN = - ux + InN,

2> InN =InNg = - px

2> IN(N/Np) = - px

> N/Ng = e

_ WX M2 g R 14 b = ¥ {E/E (Half value layer)
> N=Ngoet NSFEMBERLEERENEE HVL = X, = 0.693/1




=& ERIZAES

5.97 x10%3
3.01 x10%3
3.01 x10%3
2.90 x10%3
2.75 x10%3
2.38 x10%3
3.01 x10%3
3.34 x10%3

#a/g=Np/A
#el/g=N,Z/A




Bl . B—XHERTEA 104 @ 10 MeVRIEF - BE—HE20cmERIIEE - FBFTHET
10cmxEE 1 mm EER  BZ/MarxFE2EkRFETROEA -
(LEEEZ ' - u/p = 0.00196 m2/kg - p = 2250 kg/m3)



Bl . B—XHERTEA 104 @ 10 MeVRIEF - BE—HE20cmERIIEE - FBFTHET
10cmxEE 1 mm EER  BZ/MarxFE2EkRFETROEA -
(LEEEZ ' - u/p = 0.00196 m2/kg - p = 2250 kg/m3)

FE10cMZEREZE(CEHEZELmm)BEIEEES : 0.1 m x 2250 kg/m3 = 225 kg/m?

ZREBE x BE : 0.00196x 225 =0.441
N = NO e Hx
FFE10cm ERFHETFE : 104x e 0441 = 6434

n=punN Ax
£ 1I0cmFE 1 mm EERZSEERAYSFE - 6434x0.00196 x 2250x 103 = 28.37

y

\



X-ray spectrum

Unfiltered Kz M>K Ka

Invacuum - /Characteristic
. (o fI X-rays  544ERST
L3> K Tt 8=

Intensity (I)

KL high accelerating voltage

L

Ley IM > L

>
+
W
(=
Q
+—
£
>
(4]
e
x<

maximum

Bremsstrahlung Phgranenesgy

50 100 150
Photonenergy [keV]

o JCFRUKENME
~ BE-REXEE (= \v)
— BYBE = EEEEH X SEE (E = hv)

= SEAR R B X EE/KE (E=h-c/A)
SHEATEEE h = 6.62x1034) s

low accelerating voltage

Wavelength (1)






B A3 3 58 39

PEIRE) LM (323 » AN PX) PR L AR (LI
% P X X | AR eIk B
Y Yota- 1044 d deci-
Zeta- 10* centi-
Exa- e milli-
Peta- 10 1° micro-
Tera- - 10 = nano-
Giga- 102 pico-
Mega- 10 ° femto-
kilo- 103 atto-
hector- 10 2 zepto-
deka- 10 yocto-

STIx|IZSE|O|H|lTOImM[N

< |IN|OD|[=|T|D|T I3]0

Q.
)

1A (8)=1010 AR




Bl - FE X HHEOIMESERE0KY - MEERE X K ES0.206 A - K HE R EE
h (Plank constant) -

(LA (#5)=1010AR - H&E c=3x108 AR/¥ - EFEE%R 1.602x101° =)

Bl : 558100 kVp 2 X HE SR E ?



Bl - FE X HHEOIMESERE0KY - MEERE X K ES0.206 A - K HE R EE
h (Plank constant) -

(LA (#5)=1010AR - H&E c=3x108 AR/¥ - EFEE%R 1.602x101° =)

0.206 A =2.06x1011 AR,
C=Av>v=cCc/A
v=(3x108 aR/#)/2.06x1011 AR =1.456%x1019s1,

E =60keV =60000x1.602x10-1°) = 9.612x10-1>,

E=hv,
9.612x1015) = hx1.456x101%9s,
~h=6.60x1034Js

Bl : 33K100 kVp Z X e EHERKE ?
E=hv=hc/A
oA =hc/E
= (6.625%x10-34J s)x(3x108m/s)/(1.6x 10-14))
=1.24x1011'm
=0.124 A



M

B = B

P

1. MAEFAR - BElE MNIEE .

(A BMRIBE - AENEEERS?
(2) C~F BEBRAIEEEH?

(3)C - F BE BiERHE?

(4) A~ B ARIEE @S WESHEHA?

Wavelength (2.)

2.CHBE— X R ZBIFREGS 74 kVp B2 100 mAs - ElBITEEES X 6 2iBiE
PEETREAGRELEFR ?



M

P

1. MAEFAR - BElE MNIEE .

B = B

(1) A~ BMRIRE - IENEEERF? A

(2) C~F IBBAIEEZ:? ety
(3)C - FIBER BIEZTE? Kg * Ly
(4)A - BMRBEOENESHNTSERA? A

Wavelength (2.)

2.CHBE— X R ZBIFREGS 74 kVp B2 100 mAs - ElBITEEES X 6 2iBiE
PEETREAGRELEFR ?

100 mAs =0.1C
=01 C/(1.6>< 10-19 C/ﬂﬁl @E_jr)
= 6.25x10Y7 BEF



o] P (B En PR E 2 R B Bl =

1. 3iTmERFEHIE (Quality Assurance Test)
2. FHEEETRIITEE (Proper techs & sheilding)
3. ZE1IZEZZK¥ (DRL, diagnostic reference level)

T 21512 (Exposure Index)




S22 EREZEERER
Exposure Index in Radiology

Exposure Indicator (CR, DR)

Dose-Area Product (RF)

Dose Index (CR, DR, RF)

Average Glandular Dose (MG)
Computed Tomography Dose Index (CT)



B &niz % L {FR3E

” Automatic exposure
device position
control

_—lonization chamber

Oon exposure

— a
- Image receplor
reaches the mmage recepior

Fixed Current

AEC

.
—t ‘-In‘m;A_- receplor

Tube Current.time Product {mAs)

Light paddies

omultplier
e after




IR EERSEREE

|

|
S
1

1

|

|

4

Dlgltal lmage

Analog/Digital
Converter




H = e
F 2R B ]:E

+ E&R 485 plain x-ray exams (CR or DR)

o [ h B )

Manufacturer Symbol 3 pGy 10 pGy 20 pGy

Canon (brightness = 16, contrast = 10) REX 50 100 200

IDC (ST=200) 0 1

Philips : 200 100 0

Fuji. Konica = 00 200 100

Carestream (CE, 5TD) : 400 2000 2300

Siemens : 500 1,000 2,000

Bl . Carestream (for plain radiography)

Pixel value = 2000 + 1000 X log;o(exposure)

Coded value (CV)
exposure is measured in mR

Glass substrate —

Computer

2o Amplnhm s/
T‘.'ltll?lp'('l'}t

A/D-converter




REEISIE 2R LE
« PlCarestream CR/DR A4l

— a heavily filtered (an additional 0.5 mm copperand 1 mm
aluminum) 80 kVp x-ray beam

— Choose proper mAs approximate to have 1 mR exposure
— 15 minutes delay after exposure

— Read the imaging plate

— Acceptable range: +/- 100 (diff. of calculated and

displayed Els) El =1000 |og(E) + 2000 (or+1000 for MG)

80kV, with 3mmaAl Filtration 80kV, extra 1.00mmAI+0.5mmCu

Photon Fluence

2
]
c
RS
3
[
c
]
-
=)
=
o

. keV . keV -

Figure 1(b) Simulated tungsten anode 80kVp spectrum with additional filtration of

Figure 1 (a) Simulated tungsten anode 80kVp spectrum with an equivalent
0.5mmCu and 1.0mmAl. Mean x-ray photon energy is approximately S7keV.

3.00mmAl total filtration. Mean X-ray energy is approximately 48keV.




Il - ¥ Carestream CR 2 ETIRE RGN - 5213 80 kVp,
25 mAs BRAIBGIEEES L.25mR MERERFHENEL &
1991 - FEL AR ESETEETT EIAIRLE ?




Bl . fE¥fCarestream CR #tETIRE RGNS - 5 80 kVp,
25 mAs BRIBBREERS 125 mR MEBERERFGHENE &
1991 - ERIE A ESEEZEITEIMNRIE?

35w _£RY EI = 1000 log(1.25) + 2000
= 1000 x 0.09691 + 2000
= 2096.9

aa DAY EI B238 5 ERY Bl AHE -
2097-1993 =104 (> 100)

EAERSKRY - FEEEMAIT BRI



IREIEIR ZRIE
- Fujijfilm CR/DR % #::
— a filtered (~ 3 mm Al HVL) 80 kVp x-ray beam
— Choose proper mAs approximate to have 1 mR

exposure
— 10 minutes delay after exposure exposure = 200/S
— Read the Imaglng plate S is inverse proportional to exposure

— Acceptable range: +/- 20%

In automatic processing mode:
S =4x10¢# 5k

L=1023 x (S,-S,) / (Q,-Q,)
1024
L

@
o
E
5
=
s
S
(m]
=
8
5
(@)

Pixel value = X log1o(k XS X E)+ 511

Raw data is recorded in 12-bit pixel depth
Image data is recorded in 10-bit pixel depth




Bl . & S 5% 2.30 - HEREREZ 20mR - 5B :
ARFE/BEEE - 2B SERM ?

2.0 MR ERERM ?

L=10  X&z=#r KERE ?

=2BR1ER 1023 - BEERWRIZVEE (MR) ?

> w N



Bl . & S 5% 2.30 - HEREREZ 20mR - 5B :
ARFE/BEEE - 2B SERM ?

2.0 MR ERERM ?

L=10  X&z=#r KERE ?

=2BR1ER 1023 - BEERWRIZVEE (MR) ?

1.5 =4x%x10%"23) =200
2. , vailue

> w N

E Image
I Histogram

-
(M)
o
€
=]
z
S
o
(@]
5
2
=
o

AlERERELN® 511
3. 1024
511 =
k=1/400
4.1023 = 1024 xlog;((1/400 x 200 x E) + 511
E=632mR

X lOglo(k X 200 X 20) + 511



E
EEE S 65 - EUFHHR L BRMBWE - HYE
BT ?

Image
Histogram

/

®
o
=
=
e
e
>
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=
&
>
O

2

o

L=1023 x (S,-S,) / (Q,-Q,)



B REBEWRANRIERES

Manufacturer Exposure indicator Symbol TUnits Exposure dependence, X Detector calibration conditions

name
Fujifilm S value S Unitless 20078 o X (mE) 80 kVp. 3 mm Al “total filtration”™ 5=200 @
1 mR
Carestream Exposure index Mbels 300=2X 80 kVp. 1.0 mm Al+0.5 mm Cu; EI=2000
@ 1 mR
Agfa Log of median of foil Bels =2 400 zpeed class, 73 kVp + 1.5 mm Cu; 1gh=
histogram 1.96 @ 2.5 uGy
Konica Sensitivity number S Unitless For QR =k, 200/8 o X(mR) QR =200, 80 kVp, 5=200 @ 1 mR
Cancn Reached exposure Unitless ightness = cq, Contrast=c). REX o Xl
value Contrast= 10
REX =106 @ 1 mR
Unitless 80 kVp, 26 mm Al HVL =8.2 mm Al DFEI

=15

Brightness = 16

1

EXP=2000@ 1 mR
Uncompensated UDExp uGvair UDEzxp o X (uGy) 80 kVp. standard filtration, no grid
detector exposure kerma

Compensated detector CDExp uGvair  CDExp o X (uGy) Not available

exposure kerma
Detector exposure DEI Unitless DEI =ratio of actual exposure to expected exposure scaled by technique and system parameters. Net available
index Expected exposure values can be edited by user as preferences.
3 Dose indicator Unitless  Net avatlable Not available
Imaging Accutech Unitless 2f: = X(mR) Hygt(mR) 80kVp+1mm Cu
Drynamics
Philips Exposure index Unitless 10007 {pGy) RQA5 7T0kV, - 21 mm AL HVL=7.1 mm
Al
Siemens Exposure index uGvar  X(uGy)=EL100 RQAS. 70kV +0.6 mm Cu HVL =68 mm
kerma Al
Alara CR Exposure indicator / Mbels  EIV+300=2X E (‘Ll Gy) Sp ee d Clagg RQAS5, 70kV, + 21 mm AL HVL =
value IgM = 19607 + log| ——— | + log( s => EIV=2000

1CReo Exposure index N Unitless Exposure index o log[X (mR)] 2 . 5 40 0 ImR @ 80kVp+1.5mm Cu=>0




Dose area product (DAP, kerma area product)

X-ray source

v

lon chamber of DAP meter

ot

DAP2=d2 X a2

DAP1=DAP:

DAP HVECEE B AL Fy Gy-cm?



VASCULAR-INTERVENTIONAL

Europe

E. Vano

R. Padovani . -
J. Kotre Preliminary reference levels 2003

A. Dowling

M. Toivonen in interventional cardiology
S. Kottou
1V Tsapaki
S. Willis

K. Faulkner Diagnostic Reference Levels (DRLS)
for Cardiology

Table 3 Preliminary reference levels proposed

PTCA

DAP (Gyxcm?) @
FT (min)

No. of frames




Catheterization and Cardiovascular Interventions 83:729-738 (2014)

Patient Exposure to X-rays During Coronary Fran ce

Angiography and Percutaneous Transluminal Coronary
Intervention: Results of a Multicenter National Survey 201 4

Jean-Louis Georges, “ mp, msc, Loic Belle,” " mp, Cecile Ricard,” mse,

Simon Cattan,” mo, Franck Albert,” mp, Jean-Lou Hirsch,” Mo, Jacques Monsegu,” mpo,
Alain Dibie,” mo, Khalife Khalife,” mo, Christophe Caussin,” mo, Carlo Maccia,’ pho,
Bernard Livarek,'“ mpo, and Michel Hanssen,” mo,
on behalf of the RAY'ACT investigators

« To update reference values for the main radiation dose

parameters for coronary angiography (CA) and
percutaneous coronary intervention (PCI).

Multicenter, nationwide French survey, with retrospective
analysis. Radiation parameters registered for 33,937 CAs
and 27,826 PCls performed at 44 centers during 2010.

Updated diagnostic reference \yakeee=ate established.
KAP35 Gy cm2Jor CA an or PCI.




REVISTA ESPANOLA DE

CARDIOLOGIA

AHEAD OF PRINT CURRENT ISSUE ARCHIVE SUPPLEMENTS

('.l Previous Article | Vol 67. Num 01. January 2014 | Next article ')l

Initial Results From a National Follow-up Program
to Monitor Radiation Doses for Patients in
Interventional Cardiology

Median values at the

SCUH in 2013
CA: 31 Gy cm?
PCl: 54 Gy cm?
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X-Ray Beam

Color-Coded
Skin Dose
Distribution

Peak Skin
Dose

FOV Peak Skin
Dose




HMIREISIE : Deviation index

@ Medical Physics

Current Issue | Authors |

An exposure indicator for digital radiography: AAPM Task Group 116
(Executive Summary)

o . a) VAl
S. Jeff Shepard®’ and Jihong Wang

VOI {Segmented, for-processing pixelvalues) DeV |ndex mGy sz

4.8 30
3.0 20
1.0 10
-3.0 5

Y :

KINL"
Original Pixel Value (Q) -6.0



F9ZL IR A =
AVERAGE (M EAN) GLANDULAR DOSE

Procedures:

1. Determine the beam quality
(HVL)

2. Make at least 4 exposures for

/ ACR phantom using clinical

mode

3. Record the readouts from dose
meter

4. Calculate the mean value of
the exposures (readouts)

IERE (23]
BTrERERT .

AECER
——
L R I R
FERMmmA) 034 | o3



BTN ESRBEERE

23

24

25

26

27

BLE A

EBMEERE (mAs)

80

80

63

63

50

IFEZ&EE (mR) :
RBW|EE, E(0a)

522.2

608.5

556.3

625.7

561.7

FEZ¥EE (mmAl)

0.30

0.32

0.33

0.34

0.35

ATz =/ NEERE ( mmAl)

0.26

0.27

0.28

0.29

0.30

B ZBRAEEE ( mmAl)

0.35

0.36

0.37

0.38

0.39

HERR

Passed

Passed

Passed

Passed

Passed

RTHNESBIEESRE

28

29

L

EBMEERE ( mAs)

50

40

EESEA (mR) :

REwWAE, E(0a)

629.6

559.6

FEZ¥EE (mmAl)

0.37

0.38

BEf & NEERE ( mmAl)

0.31

0.32

B ZRZEEE ( mmAl)

0.40

0.41

HER R

Passed

Passed




Conversion factor (K) table for Mo/Mo

HVL of 26 kVp = 0.34 mmAl
Find K=172

AGD = Exposure X K

AGD using 26 kVp
=172 x686.6 / 1000 = 118.1 mrac

E-NER
BE_NERE
BDNEE
EINER
WIERT
FiE
BEEE
BEEZH
HEER




TDI (CT dose index)

Procedures:

1. Find the routine CT scan protocols (i.e adult abdomen, adult head, ...) and the scan
parameters

2. Setup the phantom and align it with the bore center of the gantry

3. Make at least 5 exposures with axial scan mode (change the ion chamber positions —

center and 4 peripherals) and using the parameters found in step 1
Record the readouts



Computed Tomography Dose Index
* Weighted CTDI : CTDI,,

B

CTDIlOO,center

CTDIlOO, P2
CTDIlOO, P3

4



RIEETEERNS

T-CE-L g

CTDI,,, =
N-T « Multi-slice scanner
- £=8.7 mGy/R (if readout in R) — 120 kVp, 400 mA,
C: calibration factor for 0.8-s scan, 4x2.5
i electrometer (1.3-2.?) mode
: average measured value B .
L: active length of pencil ion R E_eadmg >40 MR
chamber (100 mm or 160 mm) ¢ 5TE.:
N: actual number of data 8.7 x1.0x 0.54 x100
channels (axial) CTDlg, = 4x25

=47 mGy

T: nominal slice width (axial)

g » CTDI

CTD!30.centar




CTDI , = %-CTDI . +§-CTDI , (m&Y)

CTDI,, = CTDIW (MGy)
Pitch
DLP=CTDI,,, -total scan length

E=k-DLP s

(mGy cm)



Computed Tomography Dose Index

Volume CTDI: CTDI

vol

_ 4 mm
In axial scan :
Example: _ o _
Slice thickness = 4 mm Pitch=4+(4+1)=0.8
Inter-slice gap =1 mm
1 mm



Bl : BBk FERVBIESTE CTDL, LUK CTDI,
the scan pitch are: brain=0.624, abd=0.641)

. XA SR AR BB 5B
mAsEEfE] 250 | 113 |
| HXRE@mm)| 25 | 40 |
| ME-—mGy)| 500 [ 112 |
1.11 |
ME= (mGy)| 498 | 1.11

~ N

=
FH
B
“h

1.00 1.00
RRHUE
CTDIc (mGy

1.11
0.004

N

| |
] B B
S { Rt ot

0.003

5
=5
)

2.79
2.18
1.94

2.25
£ BIME (mGy 2.53

L WE (mGy
THME (mGy
ZfIME (mGy

VIV

|
|
|
|
|
Passed |
|
|
|
|
|

||



Bl - B N ERIEERETE CTDI, MK CTDI,,

~ N

R A BREP AR AREED
P =
Retns Brain Routine | Abd Routine
TR BEE] 0 | 115 |

WREE(@Mm)] 25 | 40 |
ME—(mGy)l 500 | 112 |

M{E—= (mGy) 4.97 1.11

ME=(mCGy)l 498 | 1.1
1.00

=
FH
B
“h

X
1.11
-k 0.012 0.004
‘ 0.002
)

N

| |
] B B
S { Rt ot

0.003

RRHUE
CTDIc (mGy

2.79
2.18
1.94

2.25
£ BIME (mGy 2.53

EAME (mGy
T 5 ME (mGy
ERRE (mGy

VIV

|
|
|
|
|
|
Passed |
|
|
|
|
|

||

the scan pitch are: brain=0.624, abd=0.641)

X ABEER :
(5.71+5.22+5.51+5.26)/4 = 5.42
CTDI, = 5.42x 100/ 25 = 21.69
CTDIy = (50.86+21.69x2)/3 = 21.11
CTDL,, = 21.11/0.624 = 33.83

X AREER :
(2.18+1.94+2.25+2.53)/4 = 2.23
CTDI, = 2.23x100/40 = 5.58
CTDIy = (2.79+5.58x2)/3 = 4.65
CTDL,, = 4.65/0.641 = 7.25



DLP - dose length product

Dose Length Product

Table 3. Normalized effective dose per dose-length product (DLP) for adults (standard physique) and pediatric
patients of various ages over various body regions. Conversion factor for adult head and neck and pediatric
patients assume use of the head CT dose phantom (16 cm). All other conversion factors assume use of the
32-cm diameter CT body phantom?8-7?

Region of Body k(mSvmGy 'em )
0 year old 1 year old 5 year old 10 year old Adult

Head and neck 0.013 0.0085 0.0057 0.0042 0.0031
Head 0.011 0.0067 0.0040 0.0032 0.0021
Meck 0.017 D.012 0.011 0.0079 0.0059
Chest 0.038 0.026 0.018 0.013 0.014
Abdomen =& pelvis 0.049 0.030 0.020 0.015 0.015
Trunk 0.044 0.028 0.019 0.014 0.015
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sREBEZRZIEREERIRERIRIE

Proprietary Exposure Indicators and Selected Vendor Recommendations

Fuji AGFA Kodak Detectnr Exposure Action
(S Number) (lgM) (El)

> 1000 <1.45 <1250 <0.20
Underexposed: Repeat

601-1000 1.45-1.74 1250-1549 0.2-0.3
Underexposed: QC exception

301-600 1.75-2.04 1550-1849 0.3-0.7
Underexposed: QC review

150-300 2.05-2.35 1850-2150 0.71.3
Acceptable Range

75-149 2.36-2.65 2151-2450 1.3-2.7
Overexposed: QC review

50-74 2.66-2.95 2451-2750 2.7-4.0
Overexposed: QC exception

<50 >2.95 >27350 >4.0
Overexposed: Repeat if necessary

https://www.imagegently.org/Procedures/Digital-Radiography/Educational-Materials
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Underexposed direct digital radiography (DR) at 125 kVp and 4.4 mAs caused an exposure
data recognition failure. (B) Repeated exposure at 7 mAs.




Overexposed computed radiography (CR) images demonstrate loss of contrast
in skin and dense features.




automatic

detection of the collimation field






DRL — diagnostic reference level

 DRLs should be set for representative
examinations or procedures performed in the local
area, country or region where they are applied.

— NDRL (National DRL): set on the basis of wide scale
surveys of the median doses representing typical
practice for a patient group (e.g. adults or children of
different sizes) at a range of representative healthcare
facilities for a specific type of examination or
procedure.

— LDRL (Local DRL): represent the typical local practice at
a single large centre or group of healthcare facilities, set
as the third quartile of the median doses determined
from samples of patients in the different healthcare
facilities of the group.



Setup DRLs

Define DRL scale -
(national or Iocal) ‘ _» LDRL:650.19mGy.cm

Define exam types

Define patient group
(adult/child, body
size/weight)

Collect dose report data J “LI
(Dose index, DAP, CTDI, |erammscascas 1.
AGD, ...)

Flnd the 3rd quarter Of Dose length product (DLP) distribution for

chest CT and local diagnostic reference

the dataset 2 DRL level(LDRL).

Repeat setu P References: Department of Radiology,La
. . Rabta Hospital, Tunis,Tunisia 2015.
periodically

Chest DLP(mGy.cm)
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f:ontents 1. IntrOduction

Introduction

National DRLs for CT The following tables list the National Diagnostic Reference Levels (NDRLs) for the UK.
examinations

MNational DRLs for General
Radiography and
Fluoroscopy

MNational DRLs for dental
radiography

These values should be considered by employers when settings their local DRLs as
required by the lonising Radiation (Medical Exposure) Regulations 2000 (as amended).

These NDRLs supersede those previously published by the Department of Health.

The NDRLs are based on National Reference Doses (NRDs) previously published by
Public Health England (PHE). For details of how these values were obtained please
refer to the PHE reports referenced below.

The values for CT examinations are taken from PHE-CRCE-013: Doses from computed
tomography (CT) examinations in the UK (2011 Review).

The values for radiography, fluoroscopy and dental radiography are taken from HPA-




National DRLs
e CT:
— adult and pediatric
* General radiology and Fluoroscopy:
— individual radiographs on adult patients
— diagnhostic examinations on adult patients

— interventional procedures on adult patients
— diagnhostic examinations on paediatric patients

* Dental radiography



2.1 Adult CT examinations

Examination

Cervical spine .
Chest 2

Chest - high resclution

e

Chest-abdomen-pelvis =

Clinical indication

Acute stroke

Fracture

LUMg Cancer

nterstitial lung
disease

Cancer

Scan CTDl ;| per

region/technique sequence (mGy)

Post fossa a0
Cerebrum 60
Brain (whole) 60
All sequences
All sequences
All sequences

Axial

Helical

All sequences

DLP per complete
examination (mGy cm)
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Body Part and Examination No. of Examinations Percentage

RSNA
) 2 : Head
1( I 10 l ( )Q \ i CT of head and brain without contrast 223908 17.1
et material
Total 223908 17.1
Neck or cervical spine
CT of neck with contrast material 33740 2.6
CT of cervical spine without contrast 97586 7.4
material
Total 131326
Chest
CT of chest without contrast material 159909
BCAaNa .Sl ALY VA2 G T Ml M DN St PO Myl IS it C LGS PR Lisiei R ki CT of chest with contrast material 111898
PR T CT of chest pulmonary arteries with 58986
contrast material
Total 330793
Abdomen and pelvis
CT of abdomen and pelvis without 201754
contrast material
CT of abdomen and pelvis with contrast 338056
material
CT of abdomen, pelvis, and kidney 47748
without contrast material
Total 587558
Chest, abdomen, and pelvis
CT of chest, abdomen, and pelvis with 37142
contrast material
Total 37142
Grand total 1310727




CTDI_, (mGy) SSDE (mGy)  DLP (mGy-cm)

Examination i DRL ; DRL

Chest without contrast material 443
Chest with contrast material 469
Chest and pulmonary arteries with contrast material 445
Abdomen and pelvis without contrast material ) 781
Abdomen and pelvis with contrast material 755
Abdomen, pelvis, and kidney without contrast material 705
Chest, abdomen, and pelvis with contrast material




DRLs

ACRDIR  ACR-AAPM
Body Part, Examination, and Parameter (2016)*  (2013)t

Head
CT of head and brain without contrast
material
CTDI, (mGy)
DLP (mGy-cm)
Neck/cervical spine
CT of neck with contrast material
CTDI, (mGy) 19
DLP (mGy-cm) 563
CT of cervical spine with contrast material
CTDI_, (mGy) 28
DLP (mGy-cm)
Chest
CT of chest without contrast material
CTDI_, (mGy)
DLP (mGy-cm)
CT of chest with contrast material
CTDI_, (mGy)
DLP (mGy-cm)

CT of chest pulmonary arteries with
contrast material

CTDI_, (mGy)
DLP (mGy-cm)
Abdomen and pelvis

CT of abdomen and pelvis without contrast
material
CTDI_, (mGy)
DLP (mGy-cm)

CT of abdomen and pelvis with contrast
material
CTDI_, (mGy) 15
DLP (mGy-cm) 755

CT of abdomen, pelvis, and kidney without
contrast material
CTDI_, (mGy)
DLP (mGy-cm)

Chest, abdomen, and pelvis

CT of chest, abdomen, and pelvis with
contrast material
CTDI, (mGy)
DLP (mGy-cm)

NCRP (2012)*

Japan (2015)

EU (2014)"

UK (2014)*

Ireland (2012)**

Australia
(2011)1

Canada
(2016)%

The Netherlands
(2012)%

Greece (2014)




a0 NDRL B2 LDRL RY{EGRES

DRL:973.39 mGy.cm

.; Iin ]Lm.

DLP AleGv cm)

Dose length product (DLP) distribution for abdomen and pelvis CT (AP) and local
diagnostic reference level(LDRL). References: Department of Radiology, Rabta
Hospital,Tunis,Tunisia 2015.




