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C. Scat ter Radiatio n: Effect of FiltrationC. Scat ter Radiati on: Effect of Filtration
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MANAGING PATIENT DOSEMANAGING PATIENT DOSE

Total Patient Entra nce ExposureTotal Patient Entrance Exposu re

OPERATOROPERATOR & STAFF STRAY RADIATION DOSE& STAFF STRAY RADIATION DOSE

0.1% of Primary Radiation Dose to Patient @0.1% of Primary Radiation Dose to Patient @
1 Meter1 Meter from the Primary Entr ance at Patientfrom the Primar y Entrance at Patient

MANAGING PATIENT DOSEMANAGING PATIENT DOSE

Operation of MachineOperation of Machine

Fluor oscopy TimeFluoro scopy Time

# of Rec Images# of Rec Images

Total Patient Entranc e Exposu reTotal Patient Entran ce Exposu re

MANAGING PATIENT DOSEMANAGING PATIENT DOSE

Machin e DesignMachin e Design

Exposure RateExposure Rate

Expos ure/ImageExpos ure/Image

Total Patient Entra nce ExposureTotal Patient Entrance Exposu re

MANAGING PATIENT DOSEMANAGING PATIENT DOSE

Machine DesignMachine Design Operation of MachineOperation of Machine

Expos ure RateExpos ure Rate Fluor oscopy TimeFluoro scopy Time

Expos ure/ImageExpos ure/Image # of Rec Images# of Rec Images

Total Patient Entranc e Exposu reTotal Patient Entran ce Exposu re
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1 HVL @ 70 KVP

Large Adult

Adult

5 year

1 year

Neonate

PATIENT IMAGING CHALLEN GESPATIENT IMAGING CHALL ENGES

5 cm

A.A. Patient Ages: Neonate to 21 year and Beyon dPatient Ages: Neonate to 21 year and Beyo nd
or Adult Append ages!or Adult Appendages !

PATIENT IMAGING CHALLEN GESPATIENT IMAGING CHALLE NGES

B. Clin ical Dynamic Range of mAs per
Frame to Maintain Fixed kVp
1. PA Pro jection

a. 9 Half Value Layers
b. Range of 512!

2. LAT Projecti on
a. 14 Half Value Layers
b. Range of 16,000!

3. Appendages (same at LAT Projection )

B.B. Clinical Dynamic Range of mAs perClin ical Dynamic Range of mAs per
Frame to Maintain Fixed kVpFrame to Maintain Fixed kVp
1. PA Proj ect ion1. PA Proj ect ion

a. 9 Half Value Layersa. 9 Half Value Layers
b. Range of 512!b. Range of 512!

2. LAT Proj ection2. LAT Pro jection
a. 14 Half Value Layersa. 14 Half Value Layers
b.b. Range of 16,000!Range of 16,000!

3.3. Appen dagesAppendages (same at LAT Proj ection)(same at LAT Proj ection)

PATIENT IMAGING CHALLENGESPATIENT IMAGING CHALLE NGES

C. Image Quality Concer ns
1. Limited Anatomic al Size

a. Magnify anatomy in image
b. Impr ove High Contrast Resolu tion

i. Image Processing: Edge
Enhancement

ii. Incr ease Matr ix Size of Digital
Image

iii. Reduce Focal Spot Size

2. Imaging Task Affe cts Required Dose

C. Image Quali ty ConcernsC. Image Quality Concer ns
1. Limi ted Anatomica l Size1. Limited Anat omical Size

a.a. MagnifyMagnify anatomy in imageanatomy in image
b.b. ImproveImprove High Contrast Resolut ionHigh Contrast Resoluti on

i. Image Processing:i. Image Process ing: EdgeEdge
EnhancementEnhancement

ii.ii. Increase Matrix SizeIncrea se Matrix Size of Digita lof Digital
ImageImage

iii.iii. ReduceReduce Focal Spot SizeFocal Spot Size

2. Imaging Task Affect s Required Dose2. Imaging Task Affe cts Requi red Dose

PATIENT IMAGING CHALLEN GESPATIENT IMAGING CHALLE NGES

C. Image Quality Concerns
3. Limited Subject Contra st

a. Elevate contrast concent rati on
i. Smaller Vessel diameters
ii. Compensate wit h concent ration

C. Image Quality Concern sC. Image Quality Concern s
3. Limited Subje ct Contrast3. Lim ited Subject Contr ast

a. Elevate con trast concentrati ona. Elevate contrast concent ration
i.i. Smaller Vessel diametersSmaller Vessel diam eters
ii. Compensate wit h concentrationii. Comp ensate wit h conc entrat ion
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PATIENT IMAGING CHALLENGESPATIENT IMAGING CHALLE NGES

C. Image Qual ity Conc erns
3. Limi ted Subj ect Contr ast

b. Limited Injections per study
i. Inject ion of chamber or great

vessel: 1 cc/kg
ii. Toxicit y: 4 - 6 mL/kg of 350 mg/cc

Iodine

C. Image Quality Concer nsC. Image Qual ity Conc erns
3. Limited Sub ject Contras t3. Limited Subj ect Contra st

b. Limited Injections per studyb. Limited Injections per study
i. Injec tion of chamber or greati. Injectio n of chamber or great

vesse l: 1 cc/kgvessel: 1 cc/kg
ii. Toxicity: 4ii. Toxi city: 4 -- 6 mL/kg of 350 mg/cc6 mL/kg of 350 mg/cc

Iodin eIodine

PATIENT IMAGING CHALLENGESPATIENT IMAGING CHALLENGES

3. Limited Subje ct Contrast3. Limited Subject Contrast
c. KVp matched toc. KVp matched to kk--edgeedge of contr ast mediaof contras t media

i. 70 kVp fori. 70 kVp for
Standar dStand ard
Filtrat ionFiltrat ion

BalterBalter

PATIENT IMAGING CHALLEN GESPATIENT IMAGING CHALLE NGES

3. Limited Subject Contrast3. Limited Subj ect Contr ast
d. KVp matched tod. KVp matched to kk--edgeedge of contrast mediaof contr ast media

i. 70 kVp fori. 70 kVp for
StandardStandard
FiltrationFiltration

ii. 55ii. 55 -- 6060 kVpkVp
forfor SpectralSpectral
FilteringFilter ing

BalterBal ter

SPECTRAL BEAM FILTRATIONSPECTRAL BEAM FILTRATION

A. Change in Quality of XA. Change in Quality of X--ray Spect rum: Matchray Spectrum : Match
Energ y of XEnergy of X--rays to Absorpti on of Contras t Mediarays to Absorptio n of Contra st Media

1. Pass 331. Pass 33 -- 44 keV44 keV
XX--raysrays

2. Atte nuate2. Attenuate
a. < 33 keV Xa. < 33 keV X--raysrays

DoseDose
b. > 40 keV Xb. > 40 keV X--raysrays

Contr astContrast
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SPECTRAL BEAM FILTRATIONSPECTRAL BEAM FILTRATION

B. Required StepsB. Required Steps
1. Based on most recent atten uatio n data1. Based on most recent attenuation data

a. Add Filtera. Add Filter
b. Maximize Tube Currentb. Maximize Tube Current
c. Reduce High Voltagec. Reduce High Vol tage

2.2. Excessi ve Pulse Widths are temptin g toExcessive Pulse Widths are temptin g to

allowallow use of heavier filte ruse of heavier filter

PATIENT IMAGING CHALLENGE SPATIENT IMAGING CHALL ENGES

C. Image Quality Concerns
4. Freeze Patient Motion With Pulsed

Fluor osc opy
a. Pulse Width Ranges

i. Pediatrics: 1 - 5 msec
ii. Adult s: 3 - 10 msec

C. Image Quality ConcernsC. Image Quali ty Concerns
4. Freeze Patient Motion With Pulsed4. Freeze Patien t Motion With Pulsed

FluoroscopyFluorosc opy
a.a. Pulse Width RangesPulse Width Ranges

i. Pediatric s: 1i. Pediatri cs: 1 -- 5 msec5 msec
ii. Adults: 3ii. Adults: 3 -- 10 msec10 msec

PW 2.4 msPW 2.4 ms
Displa yed 7.5 fpsDisplay ed 7.5 fps

PW 7.4 msPW 7.4 ms
Disp layed 7.5 fpsDispla yed 7.5 fps

AFFECT OF PULSE WIDTHAFFECT OF PULSE WIDTH

PW 2.4 msPW 2.4 ms
Displayed 7.5 fpsDisplayed 7.5 fps

PW 7.4 msPW 7.4 ms
Display ed 7.5 fpsDisplay ed 7.5 fps

AFFECT OF PULSE WIDTHAFFECT OF PULSE WIDTH
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SPATIAL BEAM SHAPINGSPATIAL BEAM SHAPING

A. Circular & Recti linea r Shutt ersA. Circular & Recti lin ear Shut ters
B. Electronic Indicators of PositionB. Electronic Indicator s of Pos ition
C.C. Equalization Filter s: Att enuat ion CompensationEqual ization Filt ers: At tenua tion Comp ensat ion

1. Linea r & Rotati onal Movement1. Linear & Rotational Movement
2. Shaped2. Shaped Tapered LeadTapered Lead -- Acrylic BladesAcrylic Blad es
3. Interchang eable3. Interchan geable
4. Less Integ ral Dose4. Less Integral Dose

D. Tight CollimationD. Tight Col limation
1. Scat ter Reduced1. Scat ter Reduced
2.2. Less Integ ral DoseLess Integral Dose

PATIENT IMAGING CHALLEN GESPATIENT IMAGING CHALLE NGES

D. Patient Doses Below 70 kVp Are Excessive
1. Newborn (Appendage) Fluor o Frame

a. 70 kVp & 0.01 mAs: 0.046 mR
b. 45 kVp & 0.08 mAs: 0.20 mR

2. Newborn (Appendage) Cath Frame
a. 70 kVp & 0.1 mAs: 0.48 mR
b. 45 kVp & 0.8 mAs: 2.0 mR

3. Newborn (Appendage) DSA Recorded Image
a. 70 kVp & 3 mAs: 14 mR
b. 45 kVp & 24 mAs: 110 mR

D. Patient Doses Below 70 kVp Are ExcessiveD. Patient Doses Below 70 kVp Are Excessi ve
1. Newborn (Appendage)1. Newborn (Appendage) Fluor o FrameFluor o Frame

a. 70 kVp & 0.01 mAs: 0.046 mRa. 70 kVp & 0.01 mAs: 0.046 mR
b. 45 kVp & 0.08 mAs: 0.20 mRb. 45 kVp & 0.08 mAs: 0.20 mR

2. Newborn (Appendage)2. Newborn (Appendage) Cath FrameCath Frame
a. 70 kVp & 0.1 mAs: 0.48 mRa. 70 kVp & 0.1 mAs: 0.48 mR
b. 45 kVp & 0.8 mAs: 2.0 mRb. 45 kVp & 0.8 mAs: 2.0 mR

3. Newborn (Appendage)3. Newbor n (Appendage) DSA Recorded ImageDSA Recorded Image
a. 70 kVp & 3 mAs: 14 mRa. 70 kVp & 3 mAs : 14 mR
b. 45 kVp & 24 mAs: 110 mRb. 45 kVp & 24 mAs: 110 mR

MANAGING PATIENT DOSEMANAGING PATIENT DOSE

MACHINE DESIGNMACHINE DESIGN

Exposure RateExposure Rate

Expos ure/ImageExpos ure/Image

Total Patient Entra nce ExposureTotal Patient Entrance Exposu re

VARIABLE
RATE

PULSED
FLUOROSCOPY

VARIABLEVARIABLE
RATERATE

PULSEDPULSED
FLUOROSCOPYFLUOROSCOPY
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Fluoro sco pyFluor oscopy –– Pulsed vs. Continuou sPulsed vs. Continuous

Pulsed Fluoro - 30pps
(Disp layed at 7.5 fps)

Continuous Fluo ro
(Displ ayed at 7.5 fps)

GENERATOR CONTROLSGENERATOR CONTROLS
A. Variable Rate Pulsed Fluoro scopy

1. Image Qual ity vs Radiat ion Dose
a. Proper Pulse Rate Balances Tempo ral

Infor mation Loss vs Patient Dose

A. Variable Rate Pulsed Fluoro scop yA. Variable Rate Pulsed Fluoro scop y
1. Image Qual ity vs Radiation Dose1. Image Qual ity vs Radiation Dose

a.a. Prope r PulseProper Pulse RateRate Balances TemporalBalances Temporal
Information Loss vs Patient DoseInformation Loss vs Patient Dose

Archer & WagnerArcher & Wagner

Continu ousContinuous

30 pulses/s30 puls es/s

15 pulses/s15 pulses/s

7.5 pulses/s7.5 puls es/s

GENERATOR CONTROLSGENERATOR CONTROLS

A. Variable Rate Puls ed Fluor osc opy
2. Tube Current

a. Minimum: 10 mA
b. Maximum: 100 mA

3. Limi ted Range High Voltage
a. Std Filtration: ~ 70 kV
b. Spectr al Filtrati on: ~ 55 - 70 kV

A. Variable Rate Pulse d Fluorosc opyA. Variable Rate Puls ed Fluor osc opy
2. Tube Current2. Tube Current

a. Minimum : 10 mAa. Minimu m: 10 mA
b. Maximum: 100 mAb. Maximum : 100 mA

3. Limited Range High Voltage3. Limi ted Range High Voltage
a.a. Std Filtratio n:Std Filt ration: ~ 70 kV~ 70 kV
b.b. Spectra lSpectral Filtration :Filtration: ~ 55~ 55 -- 70 kV70 kV

GENERATOR CONTROLSGENERATOR CONTROLS

A. Variable Rate Pulsed Fluo roscopy
4. Preferred Modu lation of Techn ique

Factor s
a. Starting Values

i. 65 - 70 kVp
ii. 3 msec

b. Modulation Hierarchy
i. Tube Current

ii. Pulse Width (limi ted range)
iii. High Voltage

A.A. Variab le Rate Pulsed FluoroscopyVariab le Rate Pulsed Fluoroscopy
4. Preferred Modula tion of Techniqu e4. Preferred Modu lation of Technique

FactorsFactors
a. Starting Valuesa. Star ting Values

i. 65i. 65 -- 70 kVp70 kVp
ii. 3 msecii. 3 msec

b. Modulatio n Hierarchyb. Modulation Hierarchy
i. Tube Currenti. Tube Current

ii. Pulse Width (limi ted range)ii. Pulse Width (limit ed range)
iii. High Voltageiii. High Volta ge
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kVp (upper left), Pulse Width (upper midd le), Spectral Filte r
thickne ss (upper right), mA (lower left) and patient entrance dose .
Belanger 8/1/06
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CONTROL OF IMAGE RECEPTOR EXPOSURECONTROL OF IMAGE RECEPTOR EXPOSURE

B. Image Receptor Entrance Exposure (IRE)
1. Operator Select able: Task Oriented

a. Low (Half of Normal )
b. Normal
c. High (Double of Normal )

2. Bewar e of Marketing Strategies
a. Two level systems
b. “ Machine cuts exposure in half ”

i. Relative to what?

B. Image Receptor Entrance Exposure (IRE)B. Image Receptor Entrance Exposure (IRE)
1.1. Operator Selectable: Task OrientedOperat or Selectable: Task Orie nted

a.a. Low (Half ofLow (Half of NormalNormal ))
b.b. NormalNormal
c.c. High (Double ofHigh (Double of NormalNormal ))

2.2. Beware of Marketing StrategiesBeware of Marketing Strategies
a.a. Two level systemsTwo level systems
b.b. ““ Machine cuts exposure in halfMachine cuts exposure in half””

i. Relat ive to what?i. Relat ive to what?

CONTROL OF IMAGE RECEPTOR EXPOSURECONTROL OF IMAGE RECEPTOR EXPOSURE

B. Image Receptor Expos ure
3. What should “ NORMAL” IRE be?

a. No Absolute Standa rd
i. Imaging Task
ii. Equipm ent Design
iii. Operato r Preference?

b. Structure Other Exposures Relative to “No rmal ”
c. Acc eptance Test Machine to Verify Struc tured

Expo sure Values

B.B. Image Receptor Exposur eImage Receptor Expos ure
3.3. What shoul dWhat should ““ NORMALNORMAL ”” IRE be?IRE be?

a.a. No Absolute StandardNo Absolute Standard
i.i. Imaging TaskImaging Task
ii.ii. Equipmen t DesignEquipment Design
iii.iii. Operat or Preference?Operat or Preference?

b.b. Struc tur e Other Exposur es Relative toStructure Other Exposures Relative to ““ Norma lNormal ””
c.c. Accepta nce Test Machine to Veri fy Struc turedAcceptance Test Machi ne to Veri fy Structure d

Exposu re ValuesExposure Values

CONTROL OF IMAGE RECEPTOR EXPOSURECONTROL OF IMAGE RECEPTOR EXPOSURE

B. Image Receptor Entran ce Exposure
3. What shoul d “ Normal ” be?

d. Minimum IRE
i. Good Image Quali ty
ii. Diameter of Vessel to Image
iii. Cont rast Conc entration in Vessel
iv. IRE αααα 1 / p2c2D2

p = precision
c = concentration of contr ast
D = diameter of vessel

v. Reduced Perceived Noise (p2) Impr oves IQ

B.B. Image Receptor Entran ce ExposureImage Receptor Entra nce Exposure
3.3. What shouldWhat should ““ NormalNormal ”” be?be?

d.d. Minimum IREMinimum IRE
i.i. Good Image Qual ityGood Image Quali ty
ii.ii. Diameter of Vessel to ImageDiameter of Vessel to Image
iii.iii. Contrast Concent ration in VesselContra st Concentr ation in Vessel
iv. IREiv. IRE αααααααα 1 / p1 / p22cc22DD22

p = precisionp = precision
c = concentration of contr astc = concentration of contra st
D = diameter of vesselD = diameter of vessel

v. Reduced Perceiv ed Noisev. Reduced Perceived Noise (p(p22) Improves IQ) Improves IQ
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CONTROL OF IMAGE RECEPTOR EXPOSURECONTROL OF IMAGE RECEPTOR EXPOSURE

B. Image Recepto r Entra nce Exposure
3. What should “Normal ” be?

e. Maximum IRE
i. Perceived Noise Determi ned by System

Noise
ii. System Noise = [QM2 + EN2]0.5

QM = Quantum Mottl e
EN = Electronic Noise

iii. Want QM > EN
iv. Excessive IRE Degrades Image Quality

for large patien ts

B.B. Image Receptor Entra nce ExposureImage Recepto r Entr ance Exposure
3.3. What shouldWhat should ““ NormalNormal ”” be?be?

e.e. Maximum IREMaximum IRE
i. Perceived Noise Determi ned by Systemi. Perceived Noise Determi ned by System

NoiseNoise
ii. System Noise = [QMii. System Noise = [QM22 + EN+ EN22]]0.50.5

QM = Quantum Mottl eQM = Quantum Mottle
EN = Electronic NoiseEN = Electron ic Noise

iii. Want QM > ENiii. Want QM > EN
iv.iv. Exces sive IRE Degrades Image QualityExcessive IRE Degrade s Image Quality

for large patientsfor large patients

CONTROL OF IMAGE RECEPTOR EXPOSURECONTROL OF IMAGE RECEPTOR EXPOSURECONTROL OF IMAGE RECEPTOR EXPOSURE

23 cm FOV @ 80 kVp
Standard Filtration

30 Pulses per Second

Operat ional Mode Normal IRE Range (nGy/p )
Standard Fluoro (II) 15
Standard Fluoro (Flat Panel ) 25 - 35
Digital Angiography 450 - 900
Digital Subtraction Angi o 4,500 - 9,000
Cardiac Digital 100 - 150

23 cm FOV @ 8023 cm FOV @ 80 kVpkVp
Standard FiltrationStanda rd Filtration

30 Pulses per Second30 Pulses per Second

Operational ModeOperational Mode Norma l IRE Range (Normal IRE Range (nGy/pnGy/p))
StandardStandard Fluo roFluoro (II)(II) 1515
StandardStandard Fluo roFluoro (Flat Panel)(Flat Panel) 2525 -- 3535
Digita l Angio graphyDigital Angiography 450450 -- 900900
Digita l Subtraction Angi oDigital Subtraction Angio 4,5004,500 -- 9,0009,000
Cardiac DigitalCardiac Digital 100100 -- 150150

CONTROL OF IMAGE RECEPTOR EXPOSURECONTROL OF IMAGE RECEPTOR EXPOSURE

B. Image Receptor Entranc e Expo sur e
4. Reduced Variable Rate Pulsed Fluoro scop y

a. Reasons for Rejection
i. Temporal Resol ut ion Loss
ii. Increase in Perceived Noise

B.B. Image Receptor Entr ance ExposureImage Receptor Entranc e Exposure
4.4. ReducedReduced Variable Rate Pulsed Fluor oscopyVariable Rate Pulsed Fluor oscopy

a.a. Reason s for RejectionReasons for Reject ion
i.i. Tempor al Resolut ion LossTemporal Resolut ion Loss
ii.ii. Increase in Perceiv ed NoiseIncrea se in Perceived Noise

Arche r & WagnerAr cher & Wagner

CONTROL OF IMAGE RECEPTOR EXPOSURECONTROL OF IMAGE RECEPTOR EXPOSURE

B. Image Recepto r Entrance Exposure
4. Variable Rate Pulsed Fluorosc opy

b. Increased Percei ved Noise With Decreased
Pulse Rates,

NOT LOSS OF TEMPORAL RESOLUTION

is the Prim ary Cause of Reject ion of Low
Pulse Rate Fluo roscopy

B.B. Image Receptor Entrance Exposur eImage Receptor Entran ce Exposure
4.4. Variable Rate Pulsed FluoroscopyVariable Rate Pulsed Fluoroscopy

b.b. Increased Perceived Noise With DecreasedIncreased Perceived Noise With Decreased
Pulse Rates,Pulse Rates,

NOT LOSS OFNOT LOSS OF TEMPORAL RESOLUTIONTEMPORAL RESOLUTION

is the Prim ary Cause of Rejection ofis the Primary Cause of Reject ion of LowLow
Pulse RatePulse Rate FluoroscopyFluoro scop y
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NoiseNois e -- RandomRando m

30 Frames/sec

Where are the 3’s?

NoiseNoise -- RandomRandom

15 Frames/sec

Where are the 3’s?

NoiseNois e -- RandomRando m

8 Frames/sec

Where are the 3’s?

NoiseNoise -- RandomRandom

4 Frames/sec

Where are the 3’s?
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CONTROL OF IMAGE RECEPTOR EXPOSURECONTROL OF IMAGE RECEPTOR EXPOSURE

B. Image Receptor Entranc e Expo sur e
4. Variabl e Rate Pulsed Fluor oscopy

c. Structu red Exposures Relati ve to “ Normal ”
i. IRE / Frame αααα (30/Pulse Frequency) 1/2

• Less frame integrati on by eye
• IRE / Frame Increased as Pulse Rate

Decreases
• Intro duces ALARA vs ALAP!

B.B. Image Receptor Entr ance ExposureImage Receptor Entra nce Exposure
4.4. Variable Rate Pulsed Fluor osc op yVariable Rate Pulsed Fluor oscopy

c. Structu red Exposures Relati ve toc. Structured Expos ures Relativ e to ““ NormalNormal ””
i.i. IRE / FrameIRE / Frame αααααααα (30/Pulse Frequency)(30/Pulse Frequ ency) 1/21/2

•• Less frame integ rati on by eyeLess frame integrati on by eye
•• IRE / Frame Increased as Pulse RateIRE / Frame Increased as Pulse Rate

DecreasesDecreases
•• IntroducesIntroduces ALA RAALARA vsvs ALAP!ALAP!

PERCIEVED NOISE PHANTOMPERCIEVED NOISE PHANTOM

Baby Ben Travel Alarm byBaby Ben Travel Alarm by WestclockWestclock

Uniform BackgroundUniform Backg round
Perceived Nois ePerceive d Noise

Rotat ing GearRotat ing Gear
HC Motio nHC Motion

SpringSpring
LC MotionLC Motion

AUFRICHTIG PRINCIPLEAUFRICHTIG PRINCIPLE

IR Exp/frame = XIR Exp/fram e = X Patient Exp RatePatient Exp Rate ReducedReduce d 4X4X

AUFRICHTIG PRINCIPLEAUFRICHTIG PRINCIPLE

IR Exp/frame = XIR Exp/fram e = X vsvs 2X2X Patient Exp RatePatient Exp Rate Reduc edReduced 2X2X
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AUFRICHTIG PRINCIPLEAUFRICHTIG PRINCIPLE

IR Exp/frame = XIR Exp/fram e = X vsvs 2X2X Patient Exp RatePatient Exp Rate Doub ledDouble d

CONTROL OF IMAGE RECEPTOR EXPOSURECONTROL OF IMAGE RECEPTOR EXPOSURE

B. Image Recepto r Entrance Exposure
4. Variable Rate Pulsed Fluoroscopy

c. Structu red Exposures Relati ve to “Norma l”

i. EERIR/Frame αααα (30/Pulse Frequency) 1/2

ii. New relation shi p for < 7.5 pul ses /sec

B.B. Image Receptor Entrance Exposur eImage Receptor Entran ce Exposure
4.4. Variable Rate Pulsed FluoroscopyVariable Rate Pulsed Fluor oscopy

c. Structured Exposure s Relati ve toc. Struc tured Expo sures Relativ e to ““ NormalNormal ””

i.i. EERIR/FrameEERIR/Frame αααααααα (30/Puls e Frequency)(30/Pulse Freque ncy) 1/21/2

ii.ii. New relation ship for < 7.5 pulses/secNew relatio nship for < 7.5 pul ses/se c

Exposure/FrameExposure/Frame αααααααα ConstantConstant

AUFRICHTIG PRINCIPLEAUFRICHTIG PRINCIPLE

IR Exp/frame = 2XIR Exp/fram e = 2X Patient Exp RatePatient Exp Rate Reduce dReduced 7.5X7.5X

CONTROL OF IMAGE RECEPTOR EXPOSURECONTROL OF IMAGE RECEPTOR EXPOSURE

B. Image Recepto r Entrance Exposure
5. Structured Exposur es Relative to “No rmal ”

a. “ Spectral Beam” Filteri ng
i. Greater Effecti ve Energy of Beam
ii. Less X-rays @ same Exposure
iii. Quantum Mott le Increases
iv. Doub le Exposure wrt Standard Filtration

– ALARA vs ALAP!

B.B. Image Receptor Entra nce ExposureImage Receptor Entrance Exposu re
5. Structured Exposure s Relative to5. Structur ed Exposur es Relative to ““ NormalNormal ””

a.a. ““ Spectral BeamSpectral Beam ”” Filter ingFiltering
i.i. Greater Effective Energy of BeamGreater Effective Energy of Beam
ii .ii. Less XLess X--rays @ same Exposurerays @ same Exposur e
ii i.iii. Quant um Mottle IncreasesQuant um Mottle Increases
iv.iv. Double Exposure wrt Stand ard FiltrationDoub le Exposure wrt Standard Filtra tio n

–– ALARAALARA vsvs ALAP !ALAP!
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CONTROL OF IMAGE RECEPTOR EXPOSURECONTROL OF IMAGE RECEPTOR EXPOSURE

B. Image Recept or Entra nce Exposure
5. Structured Exposures Relat ive to “ Normal ”

b. Func tion of FoV Change
i. Old equipment wi th fixed apertu res

– Expo sure αααα 1/FoV2

– Expo sure Rate Quadruples wi th a 11
cm FoV vs a 22 cm FoV

– Excessive Patient Dose

B.B. Image Receptor Entra nce ExposureImage Receptor Entr ance Exposure
5. Structured Expos ures Relative to5. Structured Exposures Relat ive to ““ NormalNormal ””

b. Func tion of FoV Changeb. Function of FoV Change
i.i. Old equipment wi th fixed apert uresOld equip ment wit h fixed apertures

–– Exposur eExposure αααααααα 1/FoV1/FoV22

–– Exposur e RateExposure Rate Quadrupl esQuadr uples with a 11with a 11
cm FoV vs a 22 cmcm FoV vs a 22 cm FoVFoV

–– Excessive Patient DoseExcessive Patient Dose

CONTROL OF IMAGE RECEPTOR EXPOSURECONTROL OF IMAGE RECEPTOR EXPOSURE

B. Image Receptor Entrance Exposure
4. Struc tured Exposures Relative to “ Normal ”

b. Functio n of FoV Change
ii. Newer equipment wi th image intensifiers

– Exposure αααα 1/FoV
– Exposure Rate Doubles with a 11 cm

FoV vs a 22 cm FoV
– Exposure increase reduces perc eived

noise in a sharper image
– ALARA

B.B. Image Receptor Entrance Expos ureImage Receptor Entrance Exposur e
4.4. Structured Exposur es Relative toStructured Exposures Relative to ““ NormalNormal ””

b. Functio n of FoV Changeb. Func tion of FoV Change
ii.ii. Newer equip ment wi thNewer equipment wi th image intensifiersimage intensifier s

–– ExposureExpos ure αααααααα 1/FoV1/FoV
–– Exposure RateExpos ure Rate DoublesDoubles with a 11 cmwith a 11 cm

FoV vs a 22 cm FoVFoV vs a 22 cm FoV
–– Exposure increase reduces perceivedExpos ure increase reduces perce ived

noi se in a sharper imagenoise in a sharper image
–– ALARAALARA

CONTROL OF IMAGE RECEPTOR EXPOSURECONTROL OF IMAGE RECEPTOR EXPOSURE

B. Image Receptor Entr ance Exposure
4. Structure d Exposur es Relative to “ Normal ”

b. Func tion of FoV Change
iii. New equipment with flat plate detectors

– Exposu re αααα Const ant
– Exposu re Rate Unchanged with a 11

cm FoV vs a 22 cm FoV
– Sharpn ess Primaril y Determine d by

Size of Plate ’s Pixels, not Size of FoV
– Small vs Large Plates
– ALARA or ALAP?

B.B. Image Receptor Entra nce ExposureImage Receptor Entr ance Exposure
4.4. Structured Exposures Relative toStructured Exposur es Relative to ““ NormalNormal ””

b. Function of FoV Changeb. Function of FoV Change
iii.iii. New equipment withNew equipment wi th flat plate detectorsflat pla te detec tors

–– ExposureExpo sure αααααααα Cons tantConstant
–– Exposure RateExpo sure Rate UnchangedUnchanged with a 11with a 11

cm FoV vs a 22 cm FoVcm FoV vs a 22 cm FoV
–– Sharpness Primaril y Determi ned bySharpn ess Primarily Determined by

Size of PlateSize of Plate’’s Pixels, not Size of FoVs Pixels , not Size of FoV
–– Small vs Large PlatesSmall vs Large Plates
–– ALARA or ALAP?ALARA or ALAP?

30 cm30 cm

20 cm20 cm
16 cm16 cm

12 cm12 cm

Illustra tion of FOV Change without Dose ChangeIllustration of FOV Change withou t Dose Change

How much does IQ improv e wit h magnifica tion alone?How much does IQ improve with magnifi catio n alone ?

Options for Dose Change with Field of View
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CONTROL OF IMAGE RECEPTOR EXPOSURECONTROL OF IMAGE RECEPTOR EXPOSURE

B.B. Image Receptor Entra nce ExposureImage Receptor Entr ance Exposure
5. Structured Exposures Relative to5. Structure d Exposure s Relative to ““ NormalNormal ””

a. IRE/Fr =a. IRE/Fr = IRE/FRIRE/FRNN * (30 / Pulse Frequency)* (30 / Pulse Frequency) 1/21/2

b.b. IREIREspectr alspectral fil terfilte r = 2 x IRE= 2 x IRENN

c.c. IRE(FoVIRE(FoV)) αααααααα 1/FoV (Image Intensi fier)1/FoV (Image Intensif ier)
d.d. IRE(FoVIRE(FoV)) αααααααα Constant (Flat Plate)Constant (Flat Plate)
e. 1/2 xe. 1/2 x IREIREhighhigh == IREIREnormalnormal

f.f. IREIREnormalnorma l == IREIRElowlow x 2x 2

ANIMAL VCUG STUDY RESULTSANIMAL VCUG STUDY RESULTS
Ward VL, Barnewolt CE, Strauss KJ, et.al. Radiology 2006; 238: 96-106.

Total Radiati on Expo sure Fluoroscopic Radiation Exposure

7 - 10 Fold Reduction in Skin Entrance
KERMA

CLINICAL VCUG STUDYCLINICAL VCUG STUDY

A.A. Effective DoseEffective Dose for Small Child (8for Small Child (8 -- 8.5 cm girth)8.5 cm girth)

1. Pulsed1. Pulsed FluoroFluoro (69(69 µµGyGy)) ~~ 10x10x > RNC> RNC (6(6 µµGyGy))

2. Con2. Con Fluor oFluor o (590(590 µµGyGy)) ~~ 100 x100 x > RNC> RNC (6(6 µµGyGy))

B.B. Estimated Risk s:Estimated Risks:

1. Pulsed1. Pulsed FluoroFluoro ~ 8 days~ 8 days BkgBkg Radiat ionRadiati on

2. Con2. Con Fluor oFluor o ~ 68 days~ 68 days BkgBkg Radiatio nRadiatio n

3. RNC < 1 day of background radiatio n3. RNC < 1 day of background radiation

Scatter Measuremen ts at OperatorScatter Measuremen ts at Operator ’’s Eyess Eyes

Grid InGrid In

40 cm Field of View40 cm Field of View

ContinuousContinuou s
FluoroscopyFluoroscopy



15

Scatter at Eyes wrt Filter Thickness
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Scatt erScatt er IncreasesIncreas es::
> 125% for 4> 125% for 4”” PMMAPMMA
< 30% for 12< 30% for 12”” PMMAPMMA

As Filte r Decreases toAs Filter Decreases to
NoNo AddedAdded FilterFilter

Scatter Measureme ntsScatter Measurements
at Operatorat Operator ’’s Eyess Eyes

MEASUREMENT OF MAX ESEMEASUREMENT OF MAX ESE

Ion chamb er is at the FDAIon chamber is at the FDA
measurem ent point formeasur ement point for
maximum entranc e exposuremaximum entrance exposure
rate,rate, AND at theAND at the
Interventional ReferenceIntervention al Reference
Point (IEC standard 60601Point (IEC standard 60601--22--
43).43).

These two measure mentThese two measurem ent
poi nts are not always at thepoints are not always at the
same locatio n in space.same loca tion in space.
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30 cm

Maxim um Entranc e Exposu re Rate (FDA)

38 cm

30 cm

Minimum FDA source to
end of collimator/spacer
(Less for mobile C-arm)

Maximum Entranc e Exposure Rate (FDA)

68 cm

30 cm

Minimum SID
(Less for mobile C-arm)

Maximum Entranc e Exposure Rate (FDA)
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Case of the disa ppearing spacerCase of the disappearin g spacer

Case of the disappe aring spacerCase of the disappe aring spacer Case of the disa ppearing spacerCase of the disappearin g spacer
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Patient Entrance Skin Dose
(Entrance Point at end of spacer*)

*Note: In practice, all
supplied spacers are
removed and not
utilized

MANAGING PATIENT DOSEMANAGING PATIENT DOSE

OPERATION OF MACHINEOPERATION OF MACHINE

Fluor oscopy TimeFluoro scopy Time

# of Rec Images# of Rec Images

Total Patient Entranc e Exposu reTotal Patient Entran ce Exposu re

RISK/BENEFIT ANAL YSISRISK/BENEFIT ANALYSIS
A. Questi ons thatA. Questions that MUSTMUST be An swered:be An swered:

1.1. Will the requ ested exam answer theWill the requested exam answer the
clin ical question?clin ical question?

2.2. Could aCould a nonion izingnonion izing imaging modalityimaging modality
answer the question in all or someanswer the question in all or some
inst ances?inst ances?

3.3. Does the benefit of the ionizing examDoes the benefit of the ionizing exam
outweigh the associated risk (s)?outw eigh the associate d risk(s)?

B. Canceling the ionizing exam is theB. Canceling the ionizi ng exam is the maximu mmaximu m
ALARAALARA step that can be achieved!step that can be achieved!

CONTROL OF IMAGE RECEPTOR EXPOSURECONTROL OF IMAGE RECEPTOR EXPOSURE

C. Anat omical Program Selections Cont rol
1. Acqui si tion Parameters

a. Foca l Spot Size
b. kVp, tub e current, pul se width, pulse rate, etc.
c. Image Recept or Entrance Expos ure

2. Image Proce ss ing Parameters
1. Edge Enhancement
2. Frame Integrati on (Nois e Smoothing )
3. Many Others

C. Anat omical Program Selections ControlC. Anat omical Program Selectio ns Control
1.1. Acquisition Parameter sAcquisition Parameter s

a.a. Focal Spot SizeFocal Spot Size
b.b. kVpkVp, tube current, pulse width, pulse rate, etc., tube current, puls e widt h, pulse rate, etc.
c.c. Image Receptor Entrance ExposureImage Receptor Entrance Expo sure

2.2. Image Processi ng ParametersImage Process ing Parameters
1.1. Edge Enhan cementEdge Enhancement
2.2. Frame Integratio n (Noise Smoot hin g)Frame Integratio n (Noise Smooth ing)
3.3. Many OthersMany Others
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CONTROL OF IMAGE RECEPTOR EXPOSURECONTROL OF IMAGE RECEPTOR EXPOSURE

C. Anatomical Progr am Selections Control

3. NEED TAILORED SELECTIONS
1. Girt h based
2. Limit rang e of gi rths for a given set of

technique factors

4. Do Not Assume Vendor Underst ands These
Requi rements

C. Anatomical Progr am Selections ControlC. Anatomical Prog ram Selections Control

3.3. NEED TAILORED SELECTIONSNEED TAILORED SELECTIONS
1.1. Girth basedGirth based
2.2. Limit range of girths for a given set ofLimit rang e of girt hs for a giv en set of

technique factorstechnique facto rs

4.4. Do Not Assu meDo Not Assume Vendor Understands TheseVendor Understands These
RequirementsRequirement s

TRAINING OF STAFFTRAINING OF STAFF

A. Comprehensive Training FostersA. Comprehen sive Training Fosters
1. Full Uti li zation of Equipment Design1. Full Uti li zation of Equipment Design
2. Optimum2. Optimum

ImageImage
QualityQuality

3.3. ReducedReduced
RadiationRadiation
DoseDose

TRAINING OF STAFFTRAINING OF STAFF
B. Who?B. Who?

1.1. Fluoroscopic OperatorsFluor osco pic Operators
a. Alla. All nonnon RadiologistsRadio logists
b.b. All Radio log istsAll Radiolo gists

2.2. Technologist s Should Reinforce Princip lesTechnol ogists Should Reinforce Principles
3.3. Modified forModified for

a. Nursesa. Nurses
b.b. Anesth esiolo gistsAnesthe sio logists
c.c. Other Supp ort Personnel in Procedu re RoomOther Support Personnel in Proc edure Room

TRAINING OF STAFFTRAINING OF STAFF

C. What Type of Train ing ?C. What Type of Train ing?
1.1. TrainingTraining Provided at Regular InProvided at Regular In--Servic esServic es

a. Basic Imaging Princi plesa. Basic Imaging Principles
b.b. Radiat ion Protecti on Prin ciplesRadiat ion Protection Princi ples

2.2. ““ But tonologyButtonol ogy ”” :: Unique Operationa lUnique Operati onal
Features of Imaging Equipm entFeatures of Imag ing Equipment
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TRAINING OF STAFFTRAINING OF STAFF

C. What Type of Training?C. What Type of Training?
3.3. FormalizedFormalized Credentialing Program forCredential ing Program for

all Fluoroscopic Usersall Fluor oscopic Users
a.a. Didac tic LecturesDidactic Lectures
b.b. Compet ency ExamCompet ency Exam
c.c. HandsHands --On Machine TrainingOn Machine Traini ng

Compet encyCompet ency

TRAINING OF STAFFTRAINING OF STAFF

D. Administrative IssuesD. Adminis trative Issues
1. App rove d at Highest Possible1. Approve d at Highest Possible

Adm inistrat ive LevelAdministrativ e Level
2. Annual or Bi2. Annual or Bi --Annual RenewalAnnual Renewal
3. Avoid3. Avoid ““ Grandfatheri ngGrandfatheri ng ”” ??
4. Credenti als from Another Instituti on?4. Credenti als from Another Institu tion ?
5. Web data base of credentialed users5. Web data base of credentialed users

TRAINING OF STAFFTRAINING OF STAFF

E.E. Didactic Lecture sDidactic Lect ures
1. Radiation Quanti ties & Uni ts1. Radiatio n Quantit ies & Uni ts
2. Biological Effect s of Radiati on2. Biological Effects of Radiation

a. No Warnin g Sensati ona. No Warning Sensation
b. Stochastic Injuriesb. Stochastic Injuries

Archer/WagnerArcher/Wagner TRAINING OF STAFFTRAINING OF STAFF
E.E. Didactic LecturesDidactic Lectures

2. Biological Effects of Radiation2. Biological Effects of Radiation
b. Stoch asti c Injuri esb. Stochastic Injuri es
c. Determin istic Injuriesc. Deterministic Injuries

1. Thresho ld/Latent Periods1. Threshold/L atent Periods
Archer/WagnerArcher/Wagner
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TRAINING OF STAFFTRAINING OF STAFF
E.E. Didactic LecturesDidactic Lectures

3. Techniques that3. Techniqu es that
a.a. ImproveImpr ove Image QualityImage Quality
b.b. ReduceReduce Radia tion DoseRadiat ion Dose Archer/WagnerArcher/WagnerArcher/Wagn erArcher/Wagn er

TRAINING OF STAFFTRAINING OF STAFF
E.E. Didactic Lectur esDidactic Lectu res

5. Provide5. Provide PracticalPrac tical Examp les: Personnel Posi tioni ngExamples: Personnel Posit ioning
Arc her/WagnerAr cher/Wagner

TRAINING OF STAFFTRAINING OF STAFF
E.E. Didactic LecturesDidactic Lectures

5. Provid e5. Provide PracticalPractical Examples: Personnel Positi oningExamples: Personnel Posi tioni ng

BalterBalte r

TRAINING OF STAFFTRAINING OF STAFF
E.E. Didac tic LecturesDidactic Lectures

4. Shatter4. Shatter ComfortComfor t of Denial!of Denial!

Arc her/Wagn erArcher/W agner

Arc her/Wagn erArcher/W agner
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TRAINING OF STAFFTRAINING OF STAFF

F. Competency ExamF. Competency Exam
1.1. Multi ple Choice ExamMultiple Choice Exam

a. Web based?a. Web based?
b. Prac tical applicati ons of topi csb. Practica l applicati ons of topic s

i. Didactic Lecturei. Didactic Lectur e
ii. Web based Curriculumii. Web based Curriculum

2. Other Format?2. Other Format ?

TRAINING OF STAFFTRAINING OF STAFF

G. HandsG. Hands --On Machine TrainingOn Machin e Training
1. One on One1. One on One
2. Proper mani pulation2. Proper manipulation

of each controlof each cont rol
3. Checkli st for each3. Checkl ist for each

machinemachine
4.4. ““ ChirpieChirpie ””

TRAINING OF STAFFTRAINING OF STAFF
G. HandsG. Hands --On Machine Trainin gOn Machine Training

1. Last1. Last --ImageImage --HoldHold
a. Last Video Frame of Fluoro Contin uouslya. Last Video Frame of Fluoro Continu ous ly

display ed after release of Fluorodisp layed after release of Fluoro
b.b. High Perceived NoiseHigh Perceived Noise

2. Fluor o Store Mode2. Fluoro Store Mode
a. Store Fluoroscop ic Video Frame on Disca. Store Fluorosc opic Video Frame on Disc

i. High er Perceived Noisei. Higher Perceived Nois e
ii. Less Patien t Dose than Recorde d Imageii. Less Patient Dose than Recorde d Image

LIH vs. LIVE FLUORSCOPYLIH vs. LIVE FLUORSCOPY

Low Dose (No Frame
Integration)

Low Dose (Maximum
Frame Integration)
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TRAINING OF STAFFTRAINING OF STAFF

G. HandsG. Hands --On Machine TrainingOn Machine Training
3. Last3. Last --Fluor oFluoro --Loop Playback/StoreLoop Playback/Store

a. Last 10 second sequence of Live Fluo roa. Last 10 second sequence of Live Fluoro
displayed in repeatable loop after releasedispla yed in repeatable loop after releas e
of Fluoroscop yof Fluorosco py

b. No loss of image quali tyb. No loss of image qualit y
c. Images can be archiv edc. Images can be archived
d. Teaching Aidd. Teaching Aid
e.e. Downsid e:Downside: Fill up of hard disc storageFill up of hard disc storage

REAL TIME DOSE INFORMATION FORREAL TIME DOSE INFORMATION FOR
THE FLUOROSCOPIC OPERATORTHE FLUOROSCOPIC OPERATOR

A. GOALSA. GOALS
1. Allows1. Allows Inform ed RiskInform ed Risk--Benefit DecisionsBenefit Decisions

Duri ng StudyDuring Study
2. Document2. Document IndividualIndividual Clinica l ExposuresClinical Exposure s
3. Allows3. Allows ManagementManageme nt of:of:

a. Radiatio n Risk s to Patients and Person nela. Radiation Risks to Patients and Perso nnel
b. Changes in Equipment Performa nceb. Changes in Equipment Performance

CLINICAL MEASUREMENTSCLINICAL MEASUREMENTS

B. Addition al ReadingB. Additional Reading
BalterBalter S,S, ShopeShope TB, Fletcher DW,TB, Fletcher DW, KuanKuan
HM,HM, SeisslSeissl H.H. ““ Techniques to EstimateTechniques to Estimate
Radiation Dose to Skin Durin gRadiation Dose to Skin During
Fluor osopicallyFluor osopical ly Guided ProceduresGuided Procedures ””
2002 AAPM Summer School Proceeding s2002 AAPM Summer School Proceedin gs

CLINICAL MEASUREMENTSCLINICAL MEASUREMENTS

C. Fluorosco py Time LimitationsC. Fluoroscopy Time Limitations
1. Fluor o Dose Rates Vary Over Wide Range1. Fluor o Dose Rates Vary Over Wide Range

a. Patient Sizea. Patient Size
b. kVpb. kVp
c. mAc. mA
d. Beam Orientat iond. Beam Orientati on
e. FoVe. FoV
f. Source Skin Distancef. Source Skin Distance
g. Spectral Beam Filtr ationg. Spectral Beam Fil trat ion

2. Dose from Recorded Images Igno red2. Dose from Recorded Images Ignored
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CLINICAL MEASUREMENTSCLINICAL MEASUREMENTS
D. Cumulative DoseD. Cumu lative Dose

1.1. DAPDAP
a.a. IsocenterIsoce nter
b. Dose Reference Pointb. Dose Reference Point
c. KERMA cham berc. KERMA chamber
d. DAP chamberd. DAP chamb er
e.e. ““ WedgeWedge ”” FilterFilter
f. Collimator Bladef. Collimato r Blade
g. Reduced Dose Areag. Reduced Dose Area

BALTERBALT ER

CLINICAL MEASUREMENTSCLINICAL MEASUREMENTS

D. Cumulative DoseD. Cumulative Dose
2.2. DoseDose --AreaArea --Product (DAP)Product (DAP)

a.a. Integ ral of Dose Across Entir e BeamIntegral of Dose Across Ent ire Beam
b.b. Indicat ion of IntegralIndicat ion of Integral

DoseDose ----Stocha stic RiskStochastic Risk
c. No Table Topc. No Table Top AttenuAttenu --

ationation Correct ionCorrect ion
d.d. Inaccur ate Skin DoseInaccurate Skin Dose

BALT ERBALT ER

CLINICAL MEASUREMENTSCLINICAL MEASUREMENTS

D. Cumulative DoseD. Cumu lative Dose
2.2. DoseDose --AreaArea--Product (DAP)Product (DAP)

e.e. Can notCan not
predictpredict
risk ofrisk of
deter mindetermin --
isticistic
in juryin jury

Archer & WagnerArcher & Wagner

Arche r/WagnerAr cher/Wagner

CLINICAL MEASUREMENTSCLINICAL MEASUREMENTS
D. Cumulative DoseD. Cumulative Dose

3. Calcul ated Patient Expos ure3. Calculated Patient Exposure
a. PEMNETa. PEMNET®®

i. Advantagesi. Advantag es
•• 5% Accuracy5% Acc uracy
•• Database ProvidedDatabase Provided
•• RealReal--Time Display sTime Displays

ii. Disadvantagesii. Disadvan tages
•• Addit ional CablingAddition al Cabling
•• Noise Free Interface sNoise Free Interfaces
•• Involved Calib rationInvo lved Calibra tion
•• Database MaintenanceDatabase Maintenan ce
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CLINICAL MEASUREMENTSCLINICAL MEASUREMENTS

D. Cumulative DoseD. Cumulati ve Dose
4. Curr ent Cumulat ive Skin Dose Appro ach4. Current Cumula tive Skin Dose App roach

a.a. Entrance Dose atEntra nce Dose at IInternat ionalnternational RReferenceeference
PPoint defined by IECoint defined by IEC

b.b. IRPIRP 15 cm toward focal spot from15 cm tow ard focal spot from isocenterisoc enter
c.c. Mandated by CDRH on New Equipme ntMandated by CDRH on New Equipme nt

5. Future5. Future
a.a. DICOM DoseDICOM Dose
b.b. HeaderHeader ModiModi --

ficationsfica tions forfor
Fluoroscop yFluor osco py Archer/WagnerArcher/Wagner

CLINICAL MEASUREMENTSCLINICAL MEASUREMENTS
E. Peak Skin Dose (PSD)E. Peak Skin Dose (PSD)

1. Peak Skin Dose1. Peak Skin Dose ≠≠ Cumulative DoseCumulative Dose
a. Entr ance Port Moves During Exama. Entrance Port Moves During Exam

i. Beam Orientationi. Beam Orientation
ii. Field of Viewii. Field of View

b. Dose for Portb. Dose for Port
i. Oni. On--TimeTime

ii.ii. Patient SizePatient Size
iii.iii. BeamBeam

Orient ationOrient ation
c. Overl ap of Portsc. Overl ap of Por ts

Arc her/Wagn erArcher/W agner

CLINICAL MEASUREMENTSCLINICAL MEASUREMENTS
E. Peak Skin DoseE. Peak Skin Dose

2. Derived Patient Expos ure2. Derived Patient Exposure
a.a. CareGraphCareGraph®®

iii. Disadvan tagesiii. Disadvantages
•• No Long er AvailableNo Longer Available
•• Skin Modeled to OneSkin Modeled to One

Standard Adult Bod yStandard Adult Bod y
iv. Advantagesiv. Advantages

•• More Flexib le than FilmMore Flexible than Film

BalterBalter

CLINICAL MEASUREMENTSCLINICAL MEASUREMENTS
E. Peak Skin DoseE. Peak Skin Dose

3. X3. X--Ray FilmRay Film Dosim etryDosimetry
a.a. Advanta gesAdvantages

i. Dose Distributio ni. Dose Distribution
ii. Universal with any Unitii. Universal with any Uni t

iii. Quantitative Dose Infoiii. Quantitative Dose Info
b.b. Disadvantag esDisadvantages

i. Limited Rangei. Limit ed Range
ii. Factors Aff ecti ng Film Sensi tivityii. Factors Affecting Film Sensit ivity

iii. Position ingiii. Positio ning wrtwrt to the patientto the patient
iv. Noiv. No RealReal--TimeTime FeedbackFeedback

BalterBalter
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CLINICAL MEASUREMENTSCLINICAL MEASUREMENTS

E. Peak Skin DoseE. Peak Skin Dose
4.4. Radiochro mat icRadiochro matic FilmFilm (GAFCHROMIC XR(GAFCHROMIC XR--Type R)Type R)

a. Chemical Radiati on Sensors that Changea. Chemical Radiation Sensors that Change
Color in Response to ExposureColor in Respon se to Exposure

CONCLUSIONSCONCLUSIONSCONCLUSIONS

A. Imaging Equi pment Needs to be Configu red for
1. Wide dynamic range of mAs
2. Freeze patient moti on with short pulse widths
3. Carefu lly control subject contras t wit h limited

range of kVp
4. Balance image qual ity needs against increas ed

patient radiation dose wi th proper entrance
exposure to image recept or.

A.A. Imaging Equipment Needs to beImaging Equipment Needs to be ConfiguredConfigured forfor
1.1. Wide dyn amic range of mAsWide dynamic range of mAs
2.2. Freeze patien t moti on wit h short pulse widthsFreeze patie nt motion with short puls e widths
3.3. Carefully control subject contrast wit h limitedCarefully con tro l subje ct contrast with limi ted

range of kVprange of kVp
4.4. Balance image qual ity needs against increas edBalance image quali ty needs against increa sed

patient radiation dose wi th proper entrancepatient radiatio n dose wit h proper entranc e
expos ure to image recept or.exposure to image receptor.
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CONCLUSIONSCONCLUSIONSCONCLUSIONS

B. Imaging Equipment Must be Both:
1. Acceptance Tested &
2. Commi ssion Tested

C. Operational Issue s Must be Address ed:
1. Al l users must be trained

a. Core Knowledge
b. Equipment Specif ic Controls
c. Real Time Patient Dose Informatio n

2. Risk/Benef it to Patient evaluated realtime

B.B. Imaging Equipment Must be Both:Imaging Equipment Must be Both:
1. Accept ance Tested &1. Acceptance Tested &
2. Commission Tested2. Commission Tested

C. Operational Issues Must be Addressed :C. Operational Issue s Must be Addressed:
1. All users must be tra ined1. Al l users must be trained

a. Core Kno wledgea. Core Knowledge
b. Equipment Speci fic Controlsb. Equipm ent Specif ic Cont rol s
c. Real Time Patient Dose Informatio nc. Real Time Patient Dose Informatio n

2. Risk/Benefit to Patient evaluat ed2. Risk/Benefit to Patient evaluated realtim erealtim e


