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Interventional Fluoroscopy

Imaging Equipment:

Whatto Know Before You Buy

Jack T. Cusma,

Mayo Foundation andClinic

AAPM 08/02/2006

Interventional Fluoroscopy

Technology TurningPoint?TechnologyTurning Point?
��ProductDevelopmentCycleProductDevelopmentCycle

�� 55--7 years7 years

��PurchaseCyclePurchaseCycle
�� approx7 yearsapprox7 years

Needto maximize technologyinvestmentNeed to maximize technology investment

Fluoroscopy: ImageDetectors

Revolution or Evolution?
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Flat PanelDetectors

ImprovedImageQualityImprovedImageQuality
��SpatialResolutionSpatialResolution

��Contrast ResolutionContrastResolution

��Dynamic RangeDynamicRange

��LowerDistortionLowerDistortion
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InterventionalFluoroscopy

FPDor I.I.?FPDor I.I.?
��Detector is only a componentDetector is only a component

�� Imposesconstraints alongwith benefitsImposesconstraints alongwith benefits

��Needto look at all factorsNeedto look at all factors
�� TechnologyoptionsTechnologyoptions

�� Local requirementsLocal requirements

�� Workflow needsWorkflow needs
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Interventional Fluoroscopy

Clinical RequirementsClinical Requirements
��Proceduretypesto beperformedProceduretypesto be performed

�� NeurovascularNeurovascular

�� CardiacCardiac

�� PeripheralvascularPeripheralvascular

�� PediatricPediatric

�� Diagnostic vs. InterventionDiagnostic vs. Intervention
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Clinical Functionality

FieldField--ofof--ViewView
��Feweroptionswith FPDFewer optionswith FPD

�� 20x20cm20x20 cm

�� 30x30cm30x30 cm

�� 30x40cm30x40 cm

�� 40x40cm40x40 cm

�� 3 to 5 FOV choices3 to 5 FOV choices

��Not a circle!Not a circle!

AAPM 08/02/2006

Clinical Functionality

FieldField--ofof--ViewView
��Fixed pixel sizeFixed pixel size

�� 0.15,0.18,0.20 mm0.15,0.18,0.20 mm

��Fixed spatialresolution?Fixed spatialresolution?
�� Binning?Binning?

�� Dependenton acquisition rateDependenton acquisition rate

�� ImageprocessingmodificationImageprocessing modification
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Clinical Functionality

AcquisitionRatesAcquisition Rates
��VascularApplicationsVascular Applications

�� <= 7.5 frames/sec<= 7.5 frames/sec

��CardiacCardiac
�� 15 and 30 frames/sec15 and 30 frames/sec

��PediatricPediatric
�� 60 frames/sec60 frames/sec

��BiplaneBiplane
��Effectson spatial resolutionEffectson spatial resolution
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Clinical Functionality

Acquisition Matrix andPixel SizeAcquisition Matrix andPixel Size
��Not all resolutionsavailablein all FOVNot all resolutionsavailablein all FOV

�� e.g. 30x40cm detectore.g. 30x40cm detector

�� 2480x1920@ full resolution, full FOV2480x1920@ full resolution, full FOV

�� .154 mm pixel (?).154mm pixel (?)

�� 2x2 binning2x2 binning --> .308mm> .308 mm

�� 4x4 binning4x4 binning --> .616mm> .616 mm

��Depends on Fluorovs.Record,framerate,Dependson Fluoro vs.Record,framerate,
FOV, installedoptions!FOV, installedoptions!
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Clinical Functionality

AcquistionMatrix andDisplayZoomAcquistion Matrix andDisplayZoom
��ReducedFOVReduced FOV --> Smallermatrix> Smallermatrix

�� Mag 3 on 30x40 detectorMag 3 on 30x40 detector
•• 16x16cm (22 cm FOV)16x16cm (22 cm FOV)

•• 1024x 1024acquiredmatrix1024x 1024acquiredmatrix

•• 1X zoomto display1X zoomto display

�� Mag 4Mag 4
•• 11x11cm (16 cm FOV)11x11cm (16 cm FOV)

•• 720 x 720acquiredmatrix720 x 720 acquiredmatrix

•• 1.4X zoomto display1.4X zoomto display
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Clinical Functionality

Acquistion Matrix andDisplayZoomAcquistion Matrix andDisplayZoom -- I.I.I.I.
��30 cm I.I.30 cm I.I.

�� 22 cm FOV22 cm FOV
•• 1024x1024acquiredmatrix1024x1024acquiredmatrix

•• 0.15mm pixel0.15 mm pixel

•• 1X zoomto display1X zoomto display

�� 16 cm FOV16 cm FOV
•• 1024x1024matrix1024x1024matrix

•• 0.11mm pixel0.11 mm pixel

•• 1X zoomto display1X zoomto display
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Flat PanelSpatial Resolution

1024x 1024

3.3- 3.5 lp/mm

0.184mm pixel
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I.I./CCDSpatial Resolution

1024 x 1024

4.3- 4.5 lp/mm *

0.110 mm pixel

(* 5 in. FOV)
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Clinical Functionality

Acquisition Matrix andDisplay ResolutionAcquisition Matrix andDisplayResolution
�� Imageprocessingalsoa factorImageprocessingalso a factor

��Multiple processingoptionsMultiple processing options
�� Edge enhancementEdgeenhancement

�� NoisereductionNoise reduction

�� DynamicrangemodificationDynamicrangemodification

��Potential to degradedisplayedsharpness,detailPotentialto degradedisplayedsharpness,detail
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SystemContrastResolution/Detection

DeterminingFactorsDeterminingFactors
��XX--ray detectormaterial, e.g. CsIraydetectormaterial,e.g.CsI
��XX--ray tubecapabilitiesray tubecapabilities
��Systemnoise(vs. XSystemnoise(vs. X--ray dose)raydose)
��Dynamic rangeDynamic range
��DegradationprocessesDegradationprocesses

�� Scatter radiationScatterradiation
�� I.I. veiling glareI.I. veiling glare
�� ImagelagImagelag

�� ImageprocessingImageprocessing
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Threshold ContrastDetail Detectability

Bruijns,SPIE 2002
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Flat PanelImagingSystems
ImageProcessingImageProcessing

��Spatial frequencyenhancementSpatial frequencyenhancement
��NoisereductionNoisereduction
��ContrastequalizationContrastequalization

�� ““ Dynamic RangeReductionDynamicRangeReduction””
��Digital magnifi cationDigital magnification
�� Independentof specific detectorIndependentof specific detector
��Possible artifactsPossible artifacts

�� EdgeartifactsEdgeartifacts -- ““ halohalo””
�� ContrastinhomogeneityContrastinhomogeneity
�� BlurrBlurr

II/CCD vs. FPD, 4/05vs. 9/05

70 yr old female,63 kg

DDO
0%

DDO
60%

DDO
100%

ImageProcessing- FPDvs. II/CCD

Function of Entire System
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Flat PanelImagingSystems

ImageProcessing(contImageProcessing(cont’’ d)d)
��Modifications?Modifications?

�� Not all canbechangedin postNot all canbechangedin post--processingprocessing
�� Must besetbefore acquisitionMust be setbefore acquisition

��ArchivedimagesArchivedimages
�� Limi tedchoicesLimited choices
�� ThirdThird--partyreviewsystemsparty review systems
�� DegradeddisplayDegradeddisplay

��Dif ferentalgorithms interactDifferent algorithmsinteract
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Flat PanelImagingSystems

FundamentalTechnical Advantages?FundamentalTechnical Advantages?
��““ ImprovedDQEImprovedDQE””

�� ““ Greater than I.I.Greaterthan I.I. ’’ ss

�� Reduceradiation exposureReduceradiationexposure

Not thatsimpleNot thatsimple
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DQE - Flat Panelvs. I.I.

Bruijns,SPIE 2002
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DQE of Flat Panel Detectors

Busse,SPIE2001
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DQE of Flat PanelDetectors

Kump,SPIE 2001
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Flat PanelImagingSystems

RadiationExposureRadiation Exposure
��Marketing claims vs.realityMarketing claims vs. reality

Determining FactorsDetermining Factors
��Detector doseDetector dose

��XX--raytubecapacityraytubecapacity

��XX--rayspectralfi lteringrayspectral filtering

�� ImageprocessingImageprocessing

��SystemoptionsSystemoptions

AAPM 08/02/2006

Radiation ExposureReduction

SystemOptionsSystemOptions
��Spectralfil teringSpectralfilt ering

��RadiationRadiation--off collimationoff collimation

��RadiationRadiation--freepositioningfreepositioning

��Storedgantry positionsStoredgantry positions

��Noisereduction imageprocessingNoisereduction imageprocessing
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RadiationExposureReduction

Spectral FilteringSpectralFiltering
��CopperCopper-- 0.1 to 0.9 mm0.1 to 0.9 mm

�� Potential for 10Potential for 10--70% reduction70% reduction
�� Typically usedin fluoroscopyTypically usedin fluoroscopy
�� Effects on imagequality?Effectson imagequality?

��TubecapacityTubecapacity
�� 30003000 -- 4000W rating4000 W rating

��GeneratorcapacityGenerator capacity
�� 1500W limit?1500 W limit?
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Radiation ExposureReduction

ImageProcessingMethodsImageProcessingMethods
��TemporalfilteringTemporalfiltering

�� Weightedsumof successiveframesWeightedsumof successive frames

�� Motion detectionMotion detection

��Potentialfor blurringPotentialfor blurring

��Primarily in fluoroscopyPrimarily in fluoroscopy

��Lesscommonin recordLesscommonin record

�� Interaction with otherprocessingInteraction with otherprocessing
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RadiationExposure

DetectorDosevs.Patient ExposureDetector Dosevs.PatientExposure
��Role of spectral filteringRole of spectral filtering

�� Canhave2Canhave2--3X detectordoseat sameentrance3X detectordose at sameentrance
exposureto the patientexposureto the patient

�� Samedetectordosewith reducedentranceSamedetectordosewith reduced entrance
exposureexposure

��Ask for specificationAsk for specification
�� Site visitsSite visits

��Mostimportantfor f luoroscopyMostimportant for fluoroscopy
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FPDvs. II - AngiographyExposure

Skin Exposur e - Angi ograp hy
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FPDvs. II - Fluoroscopy Exposure

Skin Expos ure - Fluo roscopy
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InterventionalImagingSystems

FeatureLagFeatureLag
��BiplaneacquisitionBiplaneacquisition

��Large area detectorLargeareadetector

��Digital subtraction optionsDigital subtraction options

��Analytical softwareoptionsAnalyticalsoftware options

Not all Combinations!Not all Combinations!

Differenttimetables for each vendorDifferent timetables for eachvendor
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Interventional ImagingSystems

““ StateState--ofof--thethe--artart”” OptionsOptions
��Rotational AngiographyRotational Angiography

��33--Dimensional ReconstructionDimensional Reconstruction

��VolumeCTVolumeCT

SystemRequirementsSystemRequirements
��Cost?Cost?

��OnOn--linevs. Offline vs.Off--line?line?

��Additional Workstation?AdditionalWorkstation?
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InterventionalImagingSystems

ConnectivityConnectivity
��DICOMDICOM

�� Check conformance statementCheckconformancestatement

�� Ask questionsAsk questions
•• Actual compatibilitywith Review/StoragenetworkinActual compatibility with Review/Storagenetworkin

useuse

�� TestconnectivityTestconnectivity

�� HIS/RISHIS/RIS
•• Modality WorklistModality Worklist

•• Modality PerformedProcedureStep(MPPS)Modality PerformedProcedureStep(MPPS)

�� InboundInbound

AAPM 08/02/2006

DICOM Conformance
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DICOM Conformance
Imaging Parameter Cardiac Angiography Vascular Angiography

Image Matrix 5122 , 10242 x 8 bit 10242 x 10, 12 bit

FrameSize 0.25,1.0 MB 2 MB

Field of View 15 – 22 cm 25 – 40 cm

SpatialResolution 0.1 – 0.3mm 0.25– 0.4mm

Acquisition Rate 30 – 60 2 – 7.5

Acquisition Rate
(MB/sec)

7.5 – 60 4 - 15

ImageObjectSize 30 – 300 MB 2 MB

ImageObjects/Exam 10 50 – 400

AcquiredData/Exam 300– 3000MB 100– 800MB

Exams/Day 6 – 8 4 – 6

AcquiredData/Day 1.8 – 24 GB 0.4 – 4.8 GB

StoredData/Week 9 – 120 GB 0.5 – 12 GB

StoredData/Year 450– 6000 GB 25 – 600GB

Digital Angiographic DataRequirements
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InterventionalImagingSystems

DataRequirementsDataRequirements
��1024 x 1024ImageMatrix1024x 1024ImageMatrix

�� LargeArea@2048(2480x1960)LargeArea@2048(2480x1960)

��16 bit acquisition16 bit acquisition
�� 12 bits on disk12 bits on disk

��Archive optionsArchiveoptions
�� Downsizeto 512 x 512?Downsizeto 512 x 512?
�� Storeas8 bit?Storeas8 bit?
�� Significantimpacton reviewandstorageSignificant impacton reviewandstorage

358Frames:5122, 8 bit vs 10242, 16 bit

Onesequence:89.5 MB vs 716MB (just AP)

Retrieval: 30 frames/secvs. 3 frames/sec
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ImageStorage

• NAS RAID

• 5000examsonline

• 2000DVD capacity

• Mutipl e DVD driv es

•70,000examarchive

Ten yearsstorage

(beforeflat panels)

Image Storage

• NAS RAID

• 5000exams online

• 2000DVD capacity

• Muti ple DVD drives

•70,000examarchive

1.3years storage!!

Reviewat 1-3 frames/sec

Increasednetwork demands
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InterventionalImagingSystems

SummarySummary
��FPD vs. I.I.FPD vs. I.I. -- Is therestill a choice?Is therestil l a choice?
��FPD is animportanttechnologicaldevelopmentFPD is animportant technologicaldevelopment

in digital imagingin digital imaging -- no goingback.no goingback.
�� Imagequality is affectedby multiple factorsinImagequality is affectedby multiple factorsin

addition to thedetector.addition to thedetector.
��Significant advantagesalsoprovidedbySignificantadvantagesalsoprovidedby

associated technical improvements.associatedtechnicalimprovements.

AAPM 08/02/2006

Summary(Continued)Summary(Continued)
��We needto match clinical requirementsWe needto matchclinical requirements

and expectations.and expectations.

��There is no revolutionin physics.Thereis no revolution in physics.
�� Not a miracle cure forNot a miracle curefor ““ badfluorobadfluoro””

�� Betterimagesstill require more xBetterimagesstill requiremorex--raysrays

��Compromiseis a factof lifeCompromiseis a fact of life
�� Advantages vs.disadvantagesAdvantagesvs. disadvantages

Interventional ImagingSystems
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