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Internal structure X-ray tube
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1. 8lass envelope tube

2. Cathode

3. Anode

4. Insulating oil
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kvp
Tube current (mA)
Exposure time

field of view (Fov)
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Thickness Thorax Abdomen Spine
fem)
kW p mA  |seconds| kKVp mA  |seconds| kvp mA  |seconds
o 50 35 0.10 50 35 0.15 50 35 0.20
10 52 35 0.10 52 35 0.15 52 35 0.20
11 54 35 0.10 54 35 0.15 54 35 0.20
12 56 35 0.10 56 35 0.15 56 35 0.20
13 58 35 0.10 58 35 0.15 58 35 0.20
14 60 35 0.10 60 35 0.15 60 35 0.20
successful
test
ExXposure
15 62 35 0.10 62 35 0.15 62 35 0.20
16 E4 35 0.10 64 35 0.15 64 35 0.20
17 66 35 D.10 66 35 0.15 66 35 0.20
18 68 35 0.10 68 35 0.15 &8 35 0.20
19 70 35 0.10 70 35 0.15 70 35 0.20
20 72 35 0.10 72 35 0.15 72 35 0.20
21 74 35 0.10 74 35 0.15 74 35 0.20
22 76 35 0.10 76 35 0.15 76 35 0.20
23 78 35 0.10 78 35 0.15 78 35 0.20
24 B0 35 0.10 B8O 35 0.15 80 35 0.20
25 83 35 0.10 B3 35 0.15 83 35 0.20
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Automatic Exposure Control : AEC

Units control exposure time for a
predetermined kv and mA.

Automatic brightness control (ABC)

ion chamber position
Density control

side view

http://synapse.koreamed.org/Articlelmage/0047KJP/kjpain-26-148-g001-l.jpg
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Heat Units (HU)

Maximum heat storage capacity is related to :
anode mass x specific heat x temperature
rise.

HU = kVp X mA x exposure time (sec)
for single phase
HU = kvp x mA x exposure time (sec) x 1.35
for Three phase ¢ pulse
HU = kvp x mA x exposure time (sec) x 1.41
for Three phase 12 pulse for High frequency
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fluoroscopy is usually performed using an

average current of 1 to 5 mA at a peak
electrical potential of 75 to 125 kvp.

A timer and an alarm that sounds at the end of

5 minutes.

1 to 5 mA
5 mMins.
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Fluoroscopy - Manual

& '0 3.0 75§ 8]1924.
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Noninvasive and simple
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Noninvasive and complex
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The x-ray tube housing, assembly with
attached beam limiting device must be
constructed in such a way that
radiation leakage at 1 meter is less
than 100 mrad in any one hour when
the tube is operated at its leal:.age
technique factor
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= DRAFT REPORT FOR CONSULTATION

Table 4.1. Typical patient dose levels (rounded) from vascular surgical procedures

Relative mean radiation  Relative Reported values
dose to patient mean Entrance
o Dose-area
Procedure radiation Fluoroscopy skin dose 4 Effective Reference
roduct
0 mSv 35 dose to time (min) (mGy) P X dose (mSv)
(Gy.em”)
| | patient*®
EVAR [ F.G 21 330-850 60-150 8.7-27 (a,b)
Venous access U |
B 1.1-3.5 8-24 2.3-48 1.2 {c)
procedures
Renalivisceral [Tl
angioplasty G 204 1442 208 54 (d.e)
(stent/no stent)
lliac —— 1
angioplasty G 149 S00 223 58 (d.e)

(stent/no stent)

¥A=<] mSv  B=1 to=2 mSv ; C=2 to <5 mSv D=5 to <10 mSv :E=10 to=20:F=20 to 35 mSv :G=>35 mSv, based on effective dose
** mean value

(a) Weerakkody et al_, 2009, (b) Geijer et al_, 2005, (c) Storm et al., 2006; (d) Miller et al., 2003a ; (e) Miller et al_, 2003b ;
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The 10 leading causes of death in the world
2011

Ischaemic
heart disease

Tmillion

Stroke

G.2million

Lo
respiratary inf...

2.2million

COPD

2million

Diarrhoeal

. 1 8million
diseaszes

N

HIVIAIDS

1.Bmillion

Trachea

1.8million
hronchus, lu...

Disbetes

. 1.4million
mellitus

Foad injury

1.23million

Prematurity 1.2million

Qrmillion 2rmillion 4rmillion groillion armillion 10million

Picture from:
http://who.int/mediacentre/factsheets/fs310/en/
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Radiation levels
(millisieverts mSv)

Reduction of white blood cells
in the blood
(full body exposure)
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No clinical conditions
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(full body exposure)

MR (R

(#6) Annual amount
.. of natural radiation
) (world average)

Vomiting, nausea
(full body exposure)

6.9
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CT Scan

| | Limit of annual
exposure to
non-natural radiation
(excl. for medical
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* As Low As Reasonably Achievable
1. Justification of practice
2. Optimization
3, Dose limit
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1. Justification of practice
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ALARA

As L.ow As Reasonably Achievable.

Balancing Radiation Dose and Image Quality

34
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radiation exposure wil not increase reproductive risks {elther birth defects or miscarriage),
According to published information, the reported dose of radiation to result in an increased
incidence of birth defects or miscarage s above 200 méy,

Another important consideration s the stage of pragnancy in which the radiation exposure
occyrred:

o In the first two wesks posteonception or the second two weeks Trom the last
menstrual period, the embryo is very resistant to the malforming effects of x rays.
The erbrya Is, however, sensitive to the lethal effects of x rays, although doses

muich higher than 50 mSy are n

From the third to the eighth week of pregnancy, the embrya is In the period of early
embryonic development but is not affected with either birth defects, pregnancy loss,
ar growth retardation Unless the exposure is substantially above the 200 mésy
£xp0sLIre.

From the eighth to the fifteenth week of pregnancy, the embryo or fefus is sensitive
to the effects of radiation on the central nervous system, But hers again, the
exposure has to be very high, The threshold has been estimated to be higher than
300 m&v befare an effect can be seen on the 1§ of the developing embryo, General
diagnostic studies do not reach these levels and, therefore, these effects are rarely of
concern for patiants,

Beyond the Eoth week of pregnancy, when the fetus is completely developed, it has
become maore resistant to the developmental effects of radiation, In fact, the fetus is
probably no more vunerable to many of the effects of radiation than the mother in
the latter part of pregnancy, But the most important thing is that practically none of
the diagnostic radiological procedures will affect an embryo at this late stage of
pregnancy and certainly there is no risk for birth defects or miscarriage from the
range of exposures that occur from diagnostic studies,

The reproductive risk of nonionizing radiation, which indudes electromagnetic fields
emitted from compuiters, microwave communication systems, microwave ovans,
poier fines, cellular phones, househald appliances, heating pads and warming
blankets, airport scraening devices for metal objects, and diagnostic levels of
Ultrasound, nas been studied extensively, Two national committes of scentists
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Incarparated j

Radionuclides
13-17 Oct 2013
Betheley, CA

 47th HRS Midyear

Topical Mesting
Wuclear Pover
Radiation Safety:
Learning fram the
Fast to Proted the
Future

9-12 Feb 2014
Baton Rouge, LA

+ TAEA Meeling

International
Experts’ Meating
on Radiation
Protection after the
Fukushima Daiichi
Aecident

17-21 Feb 2014
Vienna, Austria

+ MCRP Mesting

NCRP:
Achievements of
the Past 50 Years
and Addressing
the Weeds of the
Future

9-10 March 2014
Bethesda, MD

30 September 2013
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2. Optimization
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Radiation quantities and units

Quantity Unit Determination
Exposure Coulomb per kilogram (C/kg), roentgen (R) Measurement
Dose Gray (Gy), rad Multiply exposure by f-factor or a
conversion factor
Equivalent dose Sievert (Sv), rem Multiply dose by a quality factor
Effective dose SV, rem Multiply equivalent dose by a
tissue weighting factor










A
6l cm
80 cm { i ¥
!1_ !' 60 cm b
"-!! '!,.-'r 40 cm
i 5 X l
Position 1: Position 23
SEE = 1.0 dose units SEE = 1.8 dose units
Magnification = 1.25 Magnification = 1.67

IMAGING & THERAPEUTIC TECHNOLOGY

Position 3:
SEE = 4.0 dose units
Magnification = 2.500

1033

The AAPM/RSNA Physics
Tutorial for Residents

Fluoroscopy: Patient Radiation
Exposure Issues!

41



(mGy /min):
DAP rate
(Gy-cm?/min): 5.3
Scatter rate

(mGy /hr): 6.6

http://www.aapm.org/meetings/03AM/pdf/9790-14134.pdf




Using a fluoroscope with automatic
dose-rate control: Which one of the
following configurations will result
In the greatest skin dose-rate to the
patient?

Image
receptor G 0 \
Patient O

X-ray tube gy = = %




104

Thick cblique vs thin PA geometry

Dose rate
250
Dose rate mGy/min
20-40
mGy/min 50 cm
80 em

Effect of angulations on patient dose.

ICRP ref 4834-1783-0153
May 18, 2011



Arm positioning is not easy!

ICRP ref 4834-1783-0153
May 18, 2011



Ffor routine ‘Fluoroscop'., applications,
the FDA limits the maximum ESE
Entrance skin Exposure or table-top
output to 10 R/min.




Pulsed Fluoroscopy Reduces Exposure

X ray Pulses
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Management of Radiation Exposure Received from Pulse Fluoroscopy

during Percataneous Transheptic Biliang Drainage in

Cholangiocarcinoma Patients

Varaporn Silavised®, Amornrat Mangsa, Somsak Wongsanon, Benjong Keonkaew, Eimorn Mairiang, Petcharakorn

Hanpanich
Department of Radiology, Faculty of Medicine, Khon Kaen University
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View Queue I

DAP 12001 mGycm?

03:27 | 35.094 ¢y
mA Time .14
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Tube-skin = 85 cm., tube-table = 60 cm., SID 90 cm., FD 48 cm.,
Pulse Flu. 15 fps, time Flu. 10 s

Detector-pt. DAP Air kr.(mGy)
(mGy*cm2)

0 708 1.001
> 812 1.138

10 853 1.330

15 894 1.532

20 941 1.763

25 1002 2.056 [WCTYE
30 1038 2.284 [itere

(mGy/hr):
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Biological effect
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28 m Joint Guideline: Fluorascopic or CT Guidance during Pregnancy

Dauer st al = JVIR

Table 6. Conceptus Radiation Dose Estimates from Common Fluoroscopic and Angilographic Procedures

(9,20,70,74,89,92,96,104=112)

Examination
Cardiac catheter ablation, first trimester
Cardiac catheter ablation, second trimester
Cardiac catheter ablation, third trimester

Pulmonary angiography for embalism, first trimester
Pulmonary angiography for embalism, second trimester
Pulmonary angiography for embolism, third trimeaster

Chaolecystography/cholangiography
Hysterosalpingography

Barium enama

Barium meal (upper gastrointestinal)

Small bowel study

TIPS creation, second trimester

CT, angiography of aorta {chest through pelvis)
CT, low-dose nephrostamy

Lterine fibroid embolization

Varicocele embaolization

Transureteral stent

Antegrade ureteric stent

Retrograde ureteric stant

MNephrostormy

Intravenous urogram (intravenous pyelogram)
Unenhanced CT, kidneys, uretars, and bladdear
Transcatheter embolization for pulmonary AVM
Cerebral angiography {four-vessel)

Endoscopic retrograde cholangiopancreatography

Estimate [(mGy)

0.15
0.3
0.6
0.0z
0.09
0.46
1
10
10
1.5
7
5.5
34
0.1
42
15.8
a4q
25
0.4
1.1

17.7

0.06
31

Range (mGy)

0.04=0.20

0.006=0.05
0.022-0.26
0.278=0.86
0.05=16.0
2.7-92
0.28=130
0.1-5.8

0.094=0.16

0.03=0.79

1.8=12.6

=0.5=2.2

0.01-55.9

References
9,74
74
74
105
105
105
70, 89, 92
70, 92
9, 70, B9, 104, 92, 96
9,70, 89, 92
20
106
20
107
108
108
108
108
108
108
9,108
108
110
9
9,109,111, 112

Mote.—AVM = arteriovanous malformation, TIPS = transjugular intrahepatic portosystemic shunt.



Tablel Screening time (s), dose—area product (Gv cm:}: effective dose (mSv) and

estimated risk (%) of malignancy for diagnostic cardiac imaging

Groups Number Screening time DAP (Gv cm?) ED (mSv) Risk (%) Additional risk of cancer
A COR 464 240.7(3339.114) 20.1(17.7.15.6) 44 0.011 1 1n 9000
ALVC 3288 199 (242, 120) 21.7(11.9.19.1) 48 0.012 1 n 8000
FHLVC 207 529.9 (398, 420) 32.1(203.274) 7.0 0.018 1 in 6000

e

Catiascahitesato aion osesand feime ik of meignaney .
Heart 2007 Mar. 33(3): 370-371




Annual Dose Limlts

Applicable Radlation Members
Body Organ Workers of the Public
or Tlssue (mSv) (mSv)
Whole Body 20 1
Lens of the eye 150 15
Skin 500 50
Hands 500 50
All other organs 500 50

These dose limits are based on the latest recommendations of
the International Commission on Radiological Protection (ICRP)
as specified in ICRP Publication 60 (ICRP, 1991).
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Time Relationship |

Exposure Rate
\ =1mR/hr

e

X Time = Total Exposure
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X-ray
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ENDO 5

X-ray Detector

O O

Patien 50cm 100cm
\ 270 uSv/hr 24 pSv/hr
Primary radiation Scatter radiation

X-ray tube
Exposure at
70 kV and 6mA
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R KE RE ia Fl 544
Size  Length  Widith Appilcable Body

&

S 85cm 55cm 150~160cm

M 90cm 60cm 165~170cm

L 100cm B0cm 170~180cm

XL b0 | eoon 180~185cm

Lead Vest Apron
Type:PAA 05

lead thickness:
Front: 0.35mmPb / 0.5mmPb
Back: 0.25mmPb

s
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Select Audio Clicks

Select Mode
Silent Operation

Audio Only
Audio & Vibrate
OffiOn

Headphone

Dose Alarm Light Jack

Rate Alarm Light

\ Symbol Marks

Peizo Speaker Center of Tube
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Lead glasses

Thyroid shield
Lead apron
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Fluoroscopy

Centinuous
Fluoroscopy
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