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X-Ray Clinical Imaging Applications: Variety & Key
Cons iderations

Perfo rmance Metrics for Clinical Imaging

Modern X-Ray Imaging Syst em Design:
�Acqu isition, Processing and Display

Key Points to Consider in the Purchasi ng Process

Implement ing Quality Assurance & Pitfa ll s to Avoid

Outline
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Cardiova scul ar:

Fluoro X-ray Systems under discussion

R&F “ fluoro ”
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Anatomy/o bj ect of interest : radiographi c attenuation , size, moti on:
�Bone: spine : verte broplast y, needle placem ent
�GI tract with barium cont rast
�Blood vesse l or Heart chamber with iodine con trast
�Guidewire , cathete r, stent

• Backgroun d anatomy : attenuat ion varia tion s, motion
�Thorax : large attenuat ion variations, rapid cardiac motio n
�Abdome n: more uniform attenuation, less motion
�Crani um: large attenuat ion variatio ns, little motio n

• Attenuati on range : from pediatric to obese adult.
�AP thorax: 6cm (ped) to 32cm (large adult) and growi ng, equiv alent to

~9HVLs of ~3cm, ~500:1 diff erence in attenuation.
�LAT thorax present s greater range and challenge

Range of Needs and Conditions is huge:
>> Need for Flexibility, Automation, Preset Protocols

X-Ray Clinical Imaging Applications:
Variety & Key Considerat ions:
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•Imaging Dose Eff ic iency:

�X-Ray Source Efficiency

�Image Detector Eff iciency

•Dynamic Range

•Tempor al Response

•Image Arti facts

Performance Metrics for Clinical Imaging:

A Comprehens ive Set of Relevant IQ Measures
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~ Clinical ImageQuality

Dose

Imaging Dose
Efficiency

Objectives:
•MaximizeImagingDoseEfficiency: Bestclinical image quality for anydose
level clinicianchooses to use,tailoredto intendedapplication.

•Providerangeof Dose/IQselectionsto operator to fi t application needsand
preferencesof clinicians.

•ProvideDoseReadout/Feedback: clinicianawareness for decision making.
•Automatetheprocessasmuch aspossible.

Consistent wit h ALAR A (As Low As Reasonably Achievable)DosePrinciple

Benefit

Cost
=

Opti mization Problem Statement:

Clinical Objective

Risk
= =

Caveat:
• Dose= DoseRatex Time,alternately Dose/Exposurex Number of

Exposures.
�Needto considerimpact of ImageQuality on fluorotime,numberof

exposuresrequiredto achieve clinical goals

Performance Metrics: Clinical Image Quality & Dose
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Performance Metri cs for Clinical Imag ing:

• Visual ize contras t diffe rences from thin
to dense anatomy.

• No Blo omin g in thin anatomy: robust,
forgiving to di fficultie s with posi tioning,
collimati on, contour filters, etc.

Wide Dynamic Range: High min/ max
signal range from image detecto r plu s
specialized image processing to prese nt
informat ion effec tivel y on displ ay.

•High defini tio n of moving obj ects
•Good rendering of dyna mic events

Temporal Response: Fast Readout, low
lag, range of frame rates & exposure times

Clinical BenefitsRequir ement

• High Image Quali ty: Objec t detectability
• High Dose Efficien cy

Image Detector Effi cienc y (DQE): High X-
Ray Conversi on Effic ienc y, Low Readout
Noise

• High Dose Efficie ncy
• High fluoro penetration capabil ity for

large patients

X-Ray Source Eff icie ncy: High cont inuous
power capabi lity , range of spectral filters

A Comprehen sive Set of Relevant IQ & Dose Effic iency Measures
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Performanc e Metrics: XRT: Spectral Filtrat ion
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• Softer radiation does not contribute significantly to image
• Spectral filtration eliminates this radiation before it reaches the patient
• Requires higher XRT power to be effective
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DQE=1.0 DQE = 0.5 DQE = 0.25

CNR = 5 CNR = 3.5 CNR = 2.5

Better Image, Same Dose
Same Image, Lower Dose

Perfor mance Metri cs: Detector: Importanc e of DQE

DQE (Detective Quantum Effici ency) is judged the best ind ex of objec t
detectability in contra st & dos e-limi ted imagi ng, as in real cli nical
imaging.

Optionsenabled
by higherDQE:
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Pediatric Imaging
Protocol

4 msec max pulse
width

30 Frames/Sec

Perform ance Metrics: Tempor al Response: Value
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ModernX-RayImagingSystemDesign

• XRT/SourceAssembly

• ImageDetector

• Automatic ExposureControl

• Imagingmodes: fluoro, dynamicrecord, Digital Spot,DSA,
Rotational/3D

• Imageprocessing& Display

• ProcedureProtocol Driven CustomizationandControl
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Collimator with variab le Spect ral Filtration:

• Contour Filters
• 0.1, 0.2, 0.3, 0.6 & 0.9mm Copper filters
• Rectangular Blades

X-Ray Tube:

• 3200 Watt continuous fluoro capability
• Metal envelope for reduced off focus radiation
• 0.3, 0.6, 1.0 Focal Spot (0.3 for DSA)

X-Ray Source Assembly: X-Ray Tube & Col lim ator
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DigitalDigital
Flat Panel Detect orFlat Panel Detecto r

ImageImage
Intensifi erIntensi fier

OpticalOptical
IrisIris CameraCamera

Anal ogAnalo g
ProcessingProcess ing

& A/D& A/D

“ Birthr igh t”
• Bright ness & MTF Uniformit y

Acro ss Entire Image
• No Veiling Glare
• No Geometric Distortion
• No Earth Field Distortion

Design-Dependent:
• 5-10x Impr ovement in

Dynamic Range: depends on
imaging mode and DFP &
Electr onics Design

• Radiographic DQE: Typically
better

• Fluoro DQE: Depends on
Detector & Electronics Design

Image Intensifier Chain

Detecto rs: Image Intensi fier /TV >> Flat Panel
DFP Benefits:
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Detector DQE: Flat Panel vs II/CCD
•200u Pixel 40x40cm Flat Panel
•State of the Art 40cm Image Intensi fier + 1k x 1k CCD

40cm Flat Panel has Signifi cant Adv antag e in DQE

Detecti ve Quantum Efficienc y
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Detector: DFP: Binning in Larger FOVs
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Native 200x 200micronphotodiodes
Summed400x 400 micronpixel (in blue)

Binning Principle:
•ScanAdjacent Linesin Pairs
•Digitally addadjacent columnsin pairs

PerformanceImplications:
•4X signal/pixel: betterSNR
•Limiting SpatialResolution 1.25 instead of
2.5 lp/mm (comparable to II/Vid eo)

•GoodDQE at lower dosesusedin LFOV
imaging,exceeding II/Vid eo chain

•Reducedimageprocessing,storageand
displayrequirements.

Bin ning Enables LFOV Imagin g at Requi red Rates
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Innova 2100Fluoro DQE @1 uR/Fr
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To understa nd how well
an image chain works we
must conside r:

�The DQE curve of
the image chain
�The spatial
frequency content of
the obj ect bein g
imaged

Spatial frequency content
of a stent.

Note that there is
progressively less signal at
higher frequencies,
particularly beyond 2
lp/mm.

• The spectrum of the stent extends over a wide range of spatial frequencies.
• Therefore, the DQE response over this same range of spatial frequencies is
important to determining the quality of the image.

• Response at a single spatial frequency, e.g., spatial resolution limit, doesn’t tell the
story.

DQE(f) at fluoro level
radiation exposure of
8 nGy/Fr (1 uR/Fr)

Detector DQE: X-Ray Detect or/Imaging Chain



5

AAPM 2006: Digital Fluoroscopic Imaging: Acquisition, Processing and Display. Abstract ID: 26-5971-9361. Belanger

II/Video Chain Transfer
Function

Lung

Soft Tissue

Spine, Diaphragm

Digital Detect or Transfer
Func tion

• DFP Provides 5-10x Improvement in Dynamic Range of Captured X-ray
Information.

• Display Dynamic Range Must Be Addressed Independently (later in this
presentation)

• Higher Dynamic Range Can Reduce Retake Rates (no burnout/blackout) and is
More Forgiving to Errors, Hence it is Dose Conservative

Detector Dynamic Range: DFP Versus II/TV
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ModernX-RayImaging SystemDesign

• XRT/SourceAssembly

• Image Detector

• Automatic Exposure Control

• Imaging modes: fluoro, dynamicrecord, Digital Spot,DSA,
Rotational/3D

• Image processing & Display

• ProcedureProtocol Driven Customizationand Control
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Image Data fro m Detector : Possi bilities
� Aver age
� Area-Loca tion Weight ed
� Histogra m

Exposure Con trol Algorit hm: Possibilities
� Autom atic selec tion of kVp, mA, puls e

width, foc al spot, spec tral filter &
detector dose as a funct ion of imag e
sign al from detector and effective
patient attenuation (calc ula ted from x-
ray techni que, SID, othe r syst em
parameters )

Patient

XRT Generator

Auto Ex

Desirab le Objectives :
• Maximi ze Imaging Dose Effic iency: Best clinical image quali ty for

any dose level clini cian choos es to use, tailored to intended
applicatio n, capitaliz ing on com ponent characteri st ics.

• Provide range of Dose/IQ selecti ons to operato r to fi t applicati on
needs and preference s of cli nicia ns.

• Provide Dose Readout/Fe edback: clinician awareness for
decision makin g.

• Auto mate the proc ess as much as possible.

Detector

TotalTotalOff

TotalRateOn

DAPSkin DoseExposure

Automatic Exposure Control Systems
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Fluoro: 30 PPS, Norma l Detail, 'Sma rt IQ' Trajectory
EPT Technique Pat Dose Det Dose
Cm kVp pw mA pk Filt R/min mR/min
15 73 8.0 8.3 0.2 0.41 3.6
20 73 8.0 27.4 0.2 1.29 3.6
25 77 11.8 36.6 0.1 4.16 3.6
30 95 12.4 34.3 0.1 10.00 3.6

Patient

XRT Generator

Auto Ex

Detector

Effective Brightness is calculated from
digital image

kVp
mA
Pulse width
Spectral Fil ter
Focal spot

Algorithm Calculates Effective Patient
Thickness (EPT), based on:
•Effective Brightness
•kVp, mA, Pulse Width
•Spectral Filter
•FOV, SID, Grid In/Out

Using new EPT, Determines Technique
& Spectral Filter for next exposure from
trajectory table, and sends to generator.

Automatic Exposure Cont ro l System s:
“Traje ctory ” Table-Based

Benefits: Flexibility, Optimization, Upgradeability
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Clinical Objectives

Anatomy, Motion

System Capabilities

Physics Model

Optimization
Algorithm

Regulatory Requirements

Fluor o: 30 PPS, Norma l Detail, RDL Traject ory
EPT Technique Pat Dose Det Dose
Cm kVp pw mA pk Filt R/min mR/min
15 79 8.0 9.2 0.2 0.60 6.0
20 79 8.0 34.0 0.2 2.05 6.9
25 92 10.9 38.4 0.1 9.94 9.4
30 120 12.5 32.1 0.0 10.00 7.1

Flu oro : 30 PPS, Low Detai l, IQ Plus Traje ctory
EPT Techniqu e Pat Dose Det Dose
Cm kVp pw mA pk Filt R/min mR/min
15 79 8.0 9.2 0.2 0.60 6.0
20 79 8.0 34.0 0.2 2.05 6.9
25 92 10.9 38.4 0.1 9.94 9.4
30 120 12.5 32.1 0.0 10.00 7.1

Cine: 30 PPS, Normal Detai l, IQ Plus Traje ctory
EPT Technique Pat Dose Det Dose
Cm kVp pw mA pk Filt R/min mR/min
15 79 8.0 9.2 0.2 0.60 6.0
20 79 8.0 34.0 0.2 2.05 6.9
25 92 10.9 38.4 0.1 9.94 9.4
30 120 12.5 32.1 0.0 10.00 7.1

Fluoro : 15 PPS, Norma l Detai l, IQ Plus Trajector y
EPT Technique Pat Dose Det Dose
Cm kVp pw mA pk Filt R/min mR/min
15 79 8.0 9.2 0.2 0.60 6.0
20 79 8.0 34.0 0.2 2.05 6.9
25 92 10.9 38.4 0.1 9.94 9.4
30 120 12.5 32.1 0.0 10.00 7.1

Fluoro: 30 PPS, Normal Detail, 'Sma rt IQ' Traje ctory
EPT Technique Pat Dose Det Dose
Cm kVp pw mA pk Filt R/min mR/min
15 73 8.0 8.3 0.2 0.41 3.6
20 73 8.0 27.4 0.2 1.29 3.6
25 77 11.8 36.6 0.1 4.16 3.6
30 95 12.4 34.3 0.1 10.00 3.6

Auto Exp Contro l
Traject ories

Autom atic Exposure Contro l Syst ems:
“Trajectory ” Table-Based: Trajecto ry Design Process
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Object Contrast: Difference in x-ray intensity due to the
presence of the stent or other device, iodine in artery, barium in
colon, etc.
Background Noise: Normal statistical variation in background
intensity due to finite number of x-rays used to image

Image Quality =
Cont rast (more is better)

Noise (less is better)

Cost = Patient Skin Dose

= CNR

Design Strate gy: One of several pos sibilities:
• Maintain near-cons tant CNR over range of patient thickness (wit hin

limit s)
�Sig nifica nt dose saving s on small patients & shallow angles

• Provide several levels of CNR (and therefore dose) to Operator :
�Operator chooses level of IQ req uired for proc edure: via pro toco ls,

tables ide control, ini tial sy stem setup (trajec tory family)
• Minimize patient dose requi red to achie ve selected CNR by optimi zing

x-ray techni que and fi ltra tion.
• Pedia tri c: Limit Puls e width to 4 mSec max in fluoro and digital cardiac

record

Con sist ent with ALARA (As Low As Reasonabl y Achievable) Dose Princi ple

Automatic Exposure Cont ro l System s: “T rajector y” Table-
Based: Typical Optim izat ion Crit eria
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Independent cont rol of:
• kVp
• mA
• Pulse Width (primary & Grid)
• Spectral Filter
• Focal Spot

Withi n lim its of:
•XR Tube: filament, power, etc.
•Generator: Power, cont ro l
ranges

•Regul ations

Patient Thickness Contro l
Range:

• From 0 cm (bare table) to
>40cm of PMMA effecti ve
patient thi ckness (EPT)

Target Values:
• kVp: 60-80 kVp for Iodine

imaging
• Pulse Width: 4 mSec max for

peds

kVp (upper left), Pulse Width (upper middle), Spectral
Filter thickness (upper right), mA (lower left) and
patien t entrance dose as a func tion of EPT in cm of
PMMA for one fluoro Auto Ex traject ory.
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Automa tic Exposu re Control Systems: “ Trajectory ” Table-Based:
Sample Traj ectories for One Operati ng Mode of Pediatri c Angiogr aphy
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• Mode Select ion 1

• Mode Selection 2

• Mode Selection 3

• Mode Selection 4

• Mode Selection 5

Fluoro 30fps Cardia c Dyn 5 fps DSA

Normal : 21.8
Low : 9.4

Normal : 25.2
Low : 10.4

Normal : 14.9
Low : 5.7

Normal : 18.7
Low : 7.7

Normal : 9.7
Low : 4.0

Normal : 91.2
Low : 32.4

Test conditions:
• Patient Entrance Dose
• 20 cm FOV
• 20 cm PMMA phantom
• Reference: Operator

Manual

Normal : 91.2
Low : 35.2

Normal : 91.2
Low : 32.4

Normal : 32.4
Low : 14.3

Normal : 32.4
Low : 14.3

Typical Dose Leve ls : Fluoro (mGy/min), Card iac & Innova Chase (µGy/fr ) and DSA (mGy/fr )

• Fluoro Levels : 5:1 range in dose rate, @ 30 fps: (20:1 with 15 and 7.5 fps)
• Mode 2 and Mode 5 Trajectories have 5R/min limit in Fluoro Low Mode.
• Cardiac Record Levels : 6:1 range in dose/frame
• Dynamic 5 fps: 2:1 range in dose/frame
• DSA: 4:1 range in dose/frame

Normal : 2.0
Low : 1.0

Normal : 2.0
Low : 1.0

Normal : 2.0
Low : 1.0

Normal : 1.0
Low : 0.5

Normal : 1.0
Low : 0.5

L
o

w
ee

r
D

o
se

Normal : 293
Low : 146

Normal : 293
Low : 146

Normal : 293
Low : 146

Normal : 293
Low : 146

Normal : 293
Low : 146

Automatic Exposure Cont ro l: “T rajecto ry” Table-Based:
Trajectory “Family ” Option s Example
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Balanced Minimize
Frame Rate Dose/IQ Dose

30 10.4 10.4
15.0 7.8 5.2
7.5 5.2 2.6

Balanced Minimize
Frame Rate Dose/IQ Dose

30 100% 100%
15.0 75% 50%
7.5 50% 25%

Two Options Seen on Current Systems :

1. Balanced Dose/IQ : Follows “Aufrichtig” or “Square Root”
Scale: Maintains static object detectability.

2. Minimize Dose: Dose rate drops directly with fluoro frame
rate.

Data for
GE Innova

2100 in
mGy/min

Best choice may depend upon application and user:
�Select lowest frame rate tolerated by user for application
�Select lowest usable dose at selected frame rate

Automatic Exposu re Contr ol : Options for Dose
Change with Frame Rate
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Scintillator

Output Phosphor

Patient

Electron Trajectories

X-Rays

FOV: 40

I I : As FOV is reduced, II sensitivity decreases,because a smallerinputarea
of thescintill atoris being projected to thesameoutputphosphor area.

�RequiredII entrance dosegoesup inversely with area,or…

�Compensations& compromisesmustbemade(videocamerairis), and …

�Smaller FOV’s may operate at higher than optimal entrance doses

FOV: 17

Scintillator

Patient

X-Rays

FOV: 17
FOV: 40

PhotodiodeArray

DFP: Flatpanel Sensitivity is
independentof FOV, becauseit
depends only on thesizeof the
detector elements,which is fixed:

�Free to choosethe optimal
dose for eachFOV.

�No compromiseswith FP

Automatic Expos ure Contro l: Option s for Dose
Change with Field of View: DFP vs II
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30 cm

20 cm
16 cm

12 cm

Illustration of FOV Change without Dose Change

How much does IQ improve with magnification alone?

Automatic Exposu re Contr ol : Options for Dose
Change with Field of View
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30
cm

20
cm

16
cm

12
cm

Illustration of FOV Change with Dose Change

How much does IQ improve with magnification + dose?

Dose Increase with 1/Area

Dose Constant

Between
thetwo

Dose Increase from
30 cm

6x

2.5x

1x

Dose Increase with 1/Length

Automatic Expos ure Contro l: Option s for Dose
Change with Field of View
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DoseRate Change with FOV
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NoChange

1/AreaChange

1/LengthChange

Actual Change

Differ ent Phi losophies :

1/Area: Assume that sma ller FOV indica tes need
for better CNR and keep perceived Contrast/Nois e
Constan t

No Change : Accommodate Clini cians’ Visi on Only

1/Length : Split the difference between the two
above

GE Philosophy is Clos e to 1/Length.

Most manufacturers change less than 1/Area wi th FOV

Automatic Exposu re Contr ol : Options for Dose
Change with Field of View
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ModernX-RayImaging SystemDesign

• XRT/SourceAssembly

• Image Detector

• Automatic Exposure Control

• Imaging modes: Fluoro, Dynamic Record, Digital Spot,
DSA, SubtractedBolusChase,Rotational Angio/3D/CT

• Image processing & Display

• ProcedureProtocol Driven Customizationand Control
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Rotational Angio/3D/CT on Flat Panel Angio graph y System s

Rotational
Acquisition

Automatic
3D Recon

3D Display
In Several Formats

3D Images

Cross -sections

Vascular, bone and soft tiss ue 3D imaging in the intervention suite
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MIP Volume Rendering Sagittal cro ss-secti on

Coronal cross -sectionAxial cro ss-sectionObl ique cross -sectio n

Both 3D views and cross -sectio ns
Can be automatically creat ed at 3D volume loading

Rotational Angio/3 D/CT on Flat Panel Angio grap hy System s
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Sagitta l cross -sectio n Full screen axial cro ss-section

Axial cro ss-sectionObl ique cross -section

Coronal cross -secti on

Rotational Angio/3D/CT on Flat Panel Angio graph y System s

Both 3D views and cross -sect ions
Can be automatically created at 3D volume load ing
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Acquisition and Reconstruction Protocols

• ~5 second acquisition
• One or two spins (for subtract ed)
• ~200o at 35-40o/s
• ~150 frames
• 3D recon in 2563 and/or 5123

• Display: MIP, VR, MPVR, etc.

“Classical ”
“3D ” Mode

“CT ” Mode

• ~5, 10 & 20 second acquisition
• One single non -subt racte d spin
• ~200o at ~40, 20 and 10o/s
• ~150, 300 or 600 frames
• 3D recon in 2563 or 5123

• Display: MPVR ( + MIP, VR, etc. )

Vascular, bone and
soft-tissue 3D imaging

Increased contrast senstivity for
bone and soft-tissue imaging

Rotational Angio/3 D/CT on Flat Panel Angio grap hy System s

Evolution toward better “ CT” Capabilities:
�Longer effective exposure times than CT in somecases
�Higher spatial resolution capability than CT
�Low contrast sensitivity lessthan CT
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�Typical Reconstruction Algor ithm Elements and Attributes :

• Full cone -beam tomographic reconstruction
• Based on Feldkamp algorithm
• Compensa tion/cali brat ion for “ Open Gantr y”

dynamic mechanical behavior
• Processi ng of truncate d views
• Beam harde ning corr ection
• Ring artefacts removal
• Parallel implementation
• Reconstru cti on time depends prim ari ly on

matrix, e.g., 2563, 5123.

Rotational Angio/3D/CT on Flat Panel Angio graph y System s

Your CT knowledge shou ld be transferrabl e!
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ModernX-RayImaging SystemDesign

• XRT/SourceAssembly

• Image Detector

• Automatic Exposure Control

• Imaging modes: fluoro, dynamicrecord, Digital Spot,DSA,
Rotational/3D

• Image processing & Display

• ProcedureProtocol Driven Customizationand Control
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Classic Contras t/Latitude Tradeoff

Desir ed Behavior

Image Proc essing: Dynamic Range Management

Breaking the Contrast/Latitude Constraint
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Digital detector dynamic range covers the entire range of
exposure levels; more than can be displayed without
processing!

Simple Display LUT Can Mimic Look of
Film...

… or many differen t looks such as a
soft -tissue look
…or a Bone Look

Im
ag

e
B

ri
g

h
tn

es
s

X-ray Detect ed

Spine,
Diaphragm

Lung,
Skin Line

Soft Tissue

Spine,
Diaphragm

Lung,
Skin LineSoft Tissue

Dense
Breast

Skin Line

Typical
Breast Mass

Spine,
Diaphragm

Lung,
Skin LineSoft TissueDense

Breast

Skin Line

Typical
Breast Mass

Spine,
Diaphragm

Lung,
Skin Line

Soft Tissue

�Digital Spot Example: Simple Display LUT
Image Proces sing: Dynamic Range Management

But one LUT can’t do it all at once.
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Reconstruct
•Weighte d Addition

Decom pose
•Spatially filter

...

An

A1

A2

Transform
•Select Weights

Raw Input Processed Image

�Digital Spot Example: Multiresolution Processing
Image Proc essing: Dynamic Range Management

Get all the desired
information in one

image
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�Realtime Processing in Periph eral Runof f Sequence

Bolus Chase: Unsubtracted

•No contour/bolus filters used

•Manually pan table to follow
contrast bolus.

•AutoEx automatically adjusts
technique on the fly.

•DRM handles wide dynamic
range of image data from
detector

Wide Dynamic Range + DRM:

• More diagnostic info in one run

• Robust: fewer retakes?

Image Proces sing: Dynamic Range Management
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Advan ced Fluoro Noise Reduction (FNR)

What is it?
•Temporal averaging of image data to reduce quantum noise (fluoro-
only application)

What is advanced?
•Motion compensation is integrated into the algorithm:
reduces lag effects in the presence of anatomical motion

•Level of filtering is matched to frame-rate

Results:
•Significant improvement in clincial image quality > opportunity to
reduce dose.

•Sufficient noise reduction to allow (in certain cases) use of a last-
image hold in lieu of acquiring a spot image

Image Proces sing : Fluor o Nois e Reduction
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Impact of Motion Compensa tion at 30 fps
none

16 frame recursive averaging
no motion compensation

16 frame recursive averaging
with motion compensation

Image Proc essi ng: FNR Motion Compensat ion

Motion Compensa tion is a Clear Benefit
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ModernX-RayImagingSystemDesign

• XRT/SourceAssembly

• ImageDetector

• Automatic ExposureControl

• Imagingmodes: fluoro, dynamicrecord, Digital Spot,DSA,
Rotational/3D

• Imageprocessing& Display

• ProcedureProtocol Driven CustomizationandControl
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kVp, mAs ,
Focal spot

collimati on
spectral filter

table

patient

detector

Feedback signal

Algorithm

X-ray
generatorX-ray tube

Proto col Selecti on:
•Acqu isit ion Mode
•Low/Norm/High Dose
•Trajec tory “ Family ”
•Frame Rate
•FOV

FOV

Realtime Digital
Image Processing:

DRM
FNR

Edge Enhance

Image Processing Can Use Protocol & Exposure Information for Optimization:
�Beware of Interactions when Testing

Procedure Protocol -Driven Customi zation and Control

Auto ExposureControl

Posit ioner :
•SID
•Grid In/Out

Operato r Controls :
•Low/Norm/ High Dose
•Frame Rate
•Flu oro /Record Mode

Acq Mode
Dose Traj
FR, FOV

DRM Contrast
FNR Streng th
Edge Enhance

kVp, mA, PW,
spectral filt er,

focal sp ot

•Average
•Locatio n Weigh ted
•Histog ram
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�Syst em Features for Dose Reduction
Pre-defined Procedure Protocols (fit dose & technique to procedure)

Automatic Spectral Filters

Pulsed, Variable Frame Rate Fluoro (linked to Procedure Protocols)

Virtual Collimation, Virtual Panning

Adjustable Contour (Wedge) Filters in Collimator

Last Image Hold

Fluoro Loop Replay & Store (with DICOM & DVD Record)

Auto or Manual Grid removal

Patient Contouring (Automatic Minimization of patient-detector distance)

Dose reporting

Procedure Protocol -Driven Cust omiz ation and Control

The More Automatic/Programmable, the Better
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Key Points to Consider in the Purchasing Process

• Applications breadth required by clinical
department, both today and looking out ~5 years.

• Procedure/protocol capability/flexibility/performance
provided by equipment

• Imaging/Dose performance provided by equipment
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• Prioritizeby keyclinical procedural needs.

• Work with Supplier’s Field Service Engineerand Applications
Specialists throughinstallationandcustomertrainingto fully
understandcapabilities andoptimize to clinical needsand
preferences.

• Perform full verificationtestsetat installation

•Consider “standardized” procedures:

•Manufacturer’s

•IEC 61223-3-1

•SCA&I?/NEMA XR-21 (Cardiac)

• Perform keyfunctional& performancechecksat periodicintervals.

Implementing Quality Assurance & Pitfalls to Avoid
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Thank You!


