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Conventional Fluoroscopy

Digital Fluorosco ‘
Portable Fluoroscopy
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Clinical scenarios

Thickness increased -
SID increased -2

FOV increased -

Shutter used in FOV - ©

Object occupancy In
FOV increased -
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ncrease mA
ncrease kV
Decrease mA
Decrease kV
Holding kV
Holding mA

Stud 28944
MR




P& R ERE
Automatic Brightness Control

Higher dose
Better contrast
detectability

Less contrast
detectability
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Tube voltage (kV)
www.ncbi.nim.nih.gov/pmc/articles/PMC3097666/







Pulsed fluoroscopy
Peak = 800%
X-ray on 25%

Pulsed fluoroscopy average = 200%
For these settings

Continuous fluoroscopy = 100%
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Ref : Fluoroscopic Frame Rates: Not Only Dose, Stephen Balter, AJr 2014
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Standard adult abdomen :
19 mm Aluminum block x 2
0.5 mm Copper plate
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Standard adult abdomen :
250 mm Acrylic block
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RES-MESH 16 - 60 L/in
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Low contrast detectability test :

1 mm Aluminum plate with holes

(1, 3, 5, 7 mm in diameter)

between 2 x 19 mm Aluminum blocks
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System Safety Evaluation
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System Safety Evaluation
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= Image Intensifier related artifacts :

mVelling Glare
m Degrades object contrast at output phosphor

m Vignetting
m Fall-off in brightness at periphery

m Blooming
= Diffuse image, larger than original

m Pincushion Distortion
m Geometric nonlinear magnification

m S Distortion




Vignetting S distortion
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Image Intensifier only Image Intensifier only

Pincushion distortion Bad Pixel Artifact

Image Intensifier only

Flat Panel only
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System Safety Evaluatlon
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Automatlc Exposure Control Constancy
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MCardiac * Angiography= -

SID = source-imager distance

SSD = source-surface of object distance
FOV = field of view
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[Z&)) = BE{AE (CV, covariance)
wEEZ  SD

SA T35/ mean

SD = standard deviation
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Collimation Evaluation [FEF]
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1 SELE e
A : focal spot of x-ray tube

Example 1 :
SID = [A-F] = 100cm
SED = [A-G] = 20cm

Example 2 :
SID = [A-F] = 100cm
SED = [A-G] = 40cm

[A-G] : [A-F] = [D-E] : [B-C] [A-G] : [A-F] = [D-E] : [B-C]

20:100 = [D-E] : [B-(] 40:100 = [D-E] : [B-C]

[B-C] = [D-E] x 5 ) E[B_C] = [D-E] x 2.5

[BIE1RE=5

W

(EIEZE(=2.5

C

F : image receptor plane
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3. BEIRE/R~+1.27cm
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&

SID=100cm
SED=40cm
E1E&E=2.5

iy

-2 L=E TN
0.4cm->[ZERI B 1%
Wt E RS SEE R &
1.27-0.4=0.87cm

. [BEREHTEEEAZE
BEWEEEES
0.87/x25=2175cm

. #27%Z2.125/100=2.175%
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» 20cm
Q~Q 100cm
go 107cm
& g:: SID=100 cm
& FRD=50cm

T} (focus-ruler distance)
K EZE =2

EHE+=0.02

= BEEWEE  +0.1cm BRTIRE - £BEWERE=0.05mm

mZE8B72EE=0.05x0.02 =0.1%
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+1.00
+0.75

MERC#ESR (cm)
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Spatial Resolution [ 4F]
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Resolution Phantoms

TYP 1-83
CN XXXX 0.XXmmPB
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30 fps

FRNTREE
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FOV ({ inch 8 cm )
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EEE (k)
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EBEA (mA)
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ZEHFE ( lp/mm )
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BRIssE TR % 100 umByERIERIzs - BHZEE
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I

K EERER :
100 um = 0.1 mm - 10 lines per mm
- 5 line-pairs / mm

ASOE RS .
> 5x1.414 =7.07 line-pairs / mm




ACR R/F QA Phantom

CONTRAST-DETAIL TEST OBJECT
006 005 004 003 002 0.015 Hole Depth (in)

.. 2 NN Y| w32 diatin
Q \_/ () (_/’ )

O O O O O ' 5/32

O O O O 7/64

@] O O O - 5/64

HIGH CONTRAST MESH LOW CONTRAST HOLES
LINES PER INCH IN ALUMINUM DISK
A-80 HOLE DEPTHS
B-12 - 0.068
C-16 - 0.049
D-20 -0.035
E-24 -0.025
E-30 -0.018
. - -0.0126
Test Plate Object ﬁ_gg e - 0.0091
1-60 -0.0063

istributed lgy: 0.0040
25 cm Meshes arranged in 1 inch Gap b

incremental order Aluminum Disk
Lines angled at 45° 0.080" thick

Hole Diameter = 0.375"
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Display settings:
window center (or “level” ) = 1024,
window width = 100

1074-974 = 100 (window width)
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Display settings: window center(level) = 1024, window width = 100
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Display settings: window center(level) = 2048, window width = 4096
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SE&IERE (DICOM 3.14 GSDF Test)
GSDF = Grayscale Standard Display Function




SE&IERE (DICOM 3.14 GSDF Test)
GSDF = Grayscale Standard Display Function
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HVL Measurement Fluoroscopic mode

* Attenuators
Al plates

o

Al plates 30 cm

Attenuators

Use “Dose Rate” (i.e: mR/min, mGy/s) for HVL calculation.



Radiographic mode
(added filter: 0.1 mmCu+1mmAl)

kVp mAs

70 80 LFS

mm Al kVp

0.0 72.39

5.0 73.39

5.5 73.57

Fluoroscopic mode

kVp mAs

70 80

kVp

71

71

71




¥-Ray Tube Voltage Minimom HVL
(kilovolt peak) (mm of aluminum)

De=zigned Meazured Operating [Specified Dental I - Other X-Ray IT - Other X-Ray
Operating Range Fotential Systems 1 Sv=stems 2 Svstems 3

30
40
50

1 Dental x-ray systems designed for use with intraoral image receptors and manufactured after December 1, 1980.
2 Dental x-ray systems designed for use with intraoral image receptors and manufactured before or on December 1, 1980,

and all other x-ray systems subject to this section and manufactured before June 10, 2006.
3 All x-ray systems, except dental x-ray systems designed for use with intraoral image receptors, subject to this section and

manufactured on or after June 10, 2006.

https:/ /www.accessdata.fda.gov/scripts/cdrh/cfdocs/ cfefr/ cfrsearch.cfm?cfrpart=1020&showfr=1
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160

140
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100
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40 60 80
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FOV { inch 2 cm )

6 inches

EEE (k)

65

E®|A ( mA)

5.3

BEE B TIE ( mm Al)

1.8

HEsS

o R

FOV { inch 2 cm )

EEE (kV)

EET ( mA)

HEE B TIE ( mm Al)

it

IE®H

FOV ( inch 2 cm )

6 Inches

EEE (kY

75

EET (mA) B
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HEE B TIE ( mm Al)
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o fREIE

FOV ( inch B cm )

EEE (k)
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HEE B TE ( mm Al)

it




| g i B

1. 70 kVp#r & {7 = & k& (HVL) = 1.8 mmAl

2.80kVp#srE # Xk (HVL) = 2.9 mmAl
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Exposure Rate valuatlon
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Attenuation Phantom




ACR R/F QA Phantom

ABDOMEN CHEST
SIDE VIEW (overtable tubes) (horizontal tubes)

FLUORO SPOT _

(undertable tubes) —

4.1 em 4.1 em
Total Acrylic
(19.3 cm) 7.6 cm 7.6 cm

Al (4.6mm) [ | 7.6 em 76 cm

i,
. |
Air Gap ==t

Test Object Plate (3/8 in) *

TOP VIEW
st 5B/ \IRFRFEIREERLA
Re B RS R TE 382 K Entk t4
052Kl /7S -
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%1 A (SID)
%q———B (SICD) ———»|
|«— C(SDD :
Focal Spot %
|
I
Radiation
SensarTeIecior Examination Table
Distances; Image Receptor

A: Source-to-lmage Receptor Distance. (SID)

B: Source-to-lso Center Distance. (SICD)

C: Source-to-Detector Distance (SDD) located at Patient

Exposure Reference Point. (PERP)

B (SICD)

C (SDD)

Image Receptor Housing

Support Table

Radiation
Sensor/Detector
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FOV ( inch 2 cm )
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SEEFRF (fps)
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1 mm Pb
2 mm Pb
3 mm Pb
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Exposure Rate Evaluation
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0.5 T BAMFITF B 2R
m PIFEP 0
m FERRA A ST BRI B Ror AL e
B XF ST R TR
() B4 # Mo RFHEFERE (FDA) 553 it fe
\@.] a2 30 cmjw ©
(2) # & A% "%'il-’iﬁé‘ (IEC) 2 ¥ B & @ g ? v (
isocenter) AX%# 3 %15 cm/k e
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m EXxp fr/s
= Frame rate per second

30

rmal
m Fluo Norma

= Fluoroscopic mode | 19:29
B [Ime 1484.90

= Fluoroscopy time AP 184522
m AK mGy

_ IRP : Interventional Reference Point

m Alr Kerma PERP : Patient Entrance Reference Point

m DAP mGym2 Cumulative Air Kerma

= exposure at IRP/PERP
m Dose-Area Product



Effective Dose
=Weighted Average
of Organ Doses
Peak Skin Dose/
Maximal Skin Dose
; (PSD/MSD)
15am 1 , =Maximum ESD

IRP
(Interventional 25 32 B
Reference Point)

Effective Dose
(Estimated by
multiplying DAP/KAP
by conversion factor)




PERP of FDA and IEC

|H| Legalian o lsacarier
I__—_l;l Lecabiom of [ELs IRP g
(@) Location of FDA's Dose Point ycaplor

Isocanber

SAD :
Source-Axis Distance
(generally 100 cm)

=
<
("]
i
=
=

Thin Patiani Thick Prtiam

IEC 60601-2-43 ( "Particular requirements The cumulative air kerma is available
for the basic safety and essential on most interventional C-arm X-ray
performance of X-ray equipment for equipment since 2006, when it
interventional procedures” ) became mandated by the FDA.
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EEE (k)

65

@7 (ma) MAS

38

EEEFHE ( fps )

N/A

EENEEH I8 ( cm )

35

&
FEcTEEN ~iF8 ( cm )

25

(N Vi / £#=EE
B e =

1.96

HETEMTEERE (RE mGy)

1.87

EEZELEMTEEHE (RE mGy )

0.95

SMETE (R % mGy )

1.21

EELANERWTEER (%)

-21.49%

BIE

EEE (kY )

EEA ( mA )

EEERE (fps)

EENEEN F8 ( cm )

&
FEcTEEN ~F8 (om )

(HIRErEER N SE=EnEs
Bl ipeE) 2

FHRGERTSEEHE (RE mGy)

EEZELEMTEEHE (R mGy )

SMBETE (R % mGy )

L1

SELIREEBETEER (%)




MRS EMARERTR

AISEEE - 2500 mGy (@ 25 cm)

2230 . N
50 cm SZR-E5RERE = 50-15=35cm
* 252
25 cm SZHRHEZE = 2500 x T 1275.51 mGy

30 QS ey e

Normal 14849 —1275.51
1275.51 = 0.1642

Ry~ " Passed
1484.90 gy s

, SENISERUMEEEREES
DAP 184522 BB =5 zg—kﬂuﬁi

miGycm’
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