Interventonal Fluorascopy
Imagirg Equipment:

Whatto Know Before You Buy

Jack T. Cusma,

Mayo Foundation andClinic

Fluoros®@py: ImageDetector
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Intervenional Fluoroscopy

TecdhnologyTurning Point?
ProductDevelopnentCycle
5-7 years
PurchaseCycle
approx7 years

Need to maximize technol@y investment
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InterventionaFluoroscopy Intervenional Fluoroscopy

EPDor L1.? Clinical Requirements

Proceduretypesto be performed
Neurovascular
Cardiac
Peripheralvascular
Pediatric
Diagnatic vs. Intervenion

Detecbr is only acomponent
Imposescondraints alongwith bendits
Needto look atall factors
Technologyoptions
Localrequiranents
Workflow needs
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Clinical Functionality

Field-of-View
Fewer optionswith FPD
20x20cm
30x30cm
30x40 cm
40x40cm
3to5 FOV choices

Not acircle!
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Clinical Funciondity

Field-of-View
Fixed pixel size
0.15,0.18,0.20 mm
Fixed spatialresolution?
Binning?
Dependenbn acyisition rate
Imageprocesing modification
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Clinical Functionality Clinical Functondity

Acquisition Rates

Vasalar Applications
<=7.5frames/se&

Cardiac
15 and 30 frames/sec

Pediatric
60frames/se

Biplane

Effectson spatal resoluton

Q—w MAYQ CLINTC

Acquisttion Matrix andPixel Size

Not all resolutionsavalablein all FOV
e.g. 30x40cm detector
2480x1920@ full resoltion, full FOV
.154mm pixel (?)
2x2 binning -> .308 mm
4x4 binning -> .616 mm
Depemison Fluoro vs. Record,framerate,
FOV, installedoptions!
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Clinical Functionality

Acquistion Matrix andDisplayZoom

Reducel FOV -> Smallermatiix
Mag 3 on 30x40 detector
16x16cm (22 cm FOV)
1024 x 1024acquied matrix
1X zoomto display
Mag 4
11x11cm (16 cm FOV)
720x 720 acqured matrix
1.4X zoomto display
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Flat PanelSpdial Resoluion
AN

1024x 1024
3.3-35Ip/mm
0.184mm pixel
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Clinical Functondity

Acquision Matrix andDisplayZoom- I.I.

30cml.l.

22 cm FOV
1024x1024acquied matrix
0.15 mm pixel
1X zoomto display

16 cm FOV
1024x1024matrix
0.11 mmpixel
1X zoomto display
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[.1./CCD Spatal Resolution

1024 x 1024
4.3-45Ip/mm*
0.110 mm pixel
(* 5in. FOV)
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MTF FD and lITV

FD:30x40
— =—ITV 38 cm

TV 28 em
—TV 17 em
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Figure 5: MTF cwrves of FIY and 11TV

Bruijns, SPE 2002

SystemContrastResolutia/Detection

Determining Factors
X-ray detectomaterial, e.g.Csl
X-raytubecapabilities
Systemnoise(vs. X-ray doe)
Dynamic range
Degradatiorprocesses
Scatterradigion
I.I. veiling glare
[ELEET]
Imegeprocessing
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Clinical Funciondity

Acquisttion Matrix andDisplay Resolution
Imageprocessingalso a factor

Multiple processigoptions
Edgeenhanceent
Noise redudion
Dynamicrangemadification
Potentialto degrale displayedsharpnessieail
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Threshold ContrastDetail Detectability

Bruijns, SPE 2002
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Flat PanellmagingSystems

ImageProcesing
Spatal frequencyenhanement
Noisereduction
Contrastequalization
“DynamicRangeReductior?
Digital magnification
Independendf specfic detector
Possibie artifacts
Edgeartifacts - “halo”
COMES A e IICCD vs. FPD, 4/05vs. 9/05
urr

70 yr old female,63 kg
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ImageProcessing FPDvs. II/CCD

Function of Entire Sysem



Flat PanellmagingSystems

ImageProcesing(cont d)
Modifications?
Not all canbe changedin postprocessimy
Must be setbefare acquisition
Archivedimages
Limited choices
Third-party review systans
Degradedlisplay.
Differentalgonthmsinterac
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DQE - Flat Panelvs. |.l.

DGE (@ low apatisl rsgquancy] «

Figure 13 DOE(st low spatial frequency) versus EAK

Bruijns, SPE 2002
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Flat PanellmagingSystems

Fundamentalecmical Advantages?

“ImprovedDQE’
“Greaterthan I.I.”s
Reduceradiationexpogire

Not thatsimde
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DQE of Flat Pané Detectors

Busse SPIE200L
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DQE of Flat PanelDetectas

15 2
‘Spatial Frequency [Ipmm)

Figmre f: DQE a5 funetion of Exprsare level

Kump, SPE 2001
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Radation ExposureReduction

SysemOptions
Spectralfilt ering
Radiatioroff collimation
Radiationfreepositioning
Storedganty postions
Noisereducton imageprocessing
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Flat PanellmagingSystems

Radation Exposue
Marketng claims vs. reality
Determining Fadors
Detecor dose
X-raytubecapacity
X-ray spectalfiltering
Imageprocessing
Systemoptions
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RadiationExposureReduction

SpectralFiltering
Copper- 0.1t0 0.9mm
Potentil for 10-70% reductin
Typically usedin fluoroscopy
Effectsonimagequalty?
Tubecapaity
3000- 4000 W rating
Generato capady.
1500 W limit?
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Radation ExposureReduction RadiationExposure

ImageProcesingMethods Detector Dosevs. PatientExposure

Temporalffiltering Role of spectrafiltering
Weightedsumof successie frames Canhave2-3X detectordos at sameentrance
exposureto the patient

Same dekctordosewith rediced enrance

Motion deiection
Potentialfor blurring
exposure

Primarily in fluoroscopy:. Ao sadieiion
Lesscommonin record Site visits

Interadion with otherprocessing Mostimportent for fluoroscopy.
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FPDvs. Il - AngiographyExposure FPDvs.lIl - Fluoroscoy Exposure

Skin Exposur e - Angi ograp hy Skin Expos ure - Fluoroscopy

——I1- 16 microR
——FPD - 15 microR
—=—FPD - 30 microR

——FPD - 2.9 microR

/ ——II- 2.8 microR
¥y / ——FPD - 4.5 microR

/

v

20.0 30.0 . . 20.0 30.0

Patient Thickness (cm) Patient Thickness (cm)

Entrance Exposure (R/min)
Entrance Exposure (R/min)
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InterventionalmagingSystems Intervenional ImagingSystems

FeatreLag “Stae-of-the-art’” Options
Biplaneacquisition Rotational Angiography
Largeareadetector 3-Dimersiona Remnstruction
Digital subtacion options VolumeCT
Analyticalsoftware options SysemRequrements

Not all Combinations! Cost?

Differenttimetables for eachvendor On-linevs. Off-line?
Additional Workstation?
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InterventionalmagingSystems DICOM Confamance

Connectivity
DICOM
Checkconformarce statenent

Ask questions

Actual compatiblity with Review/Stoagenetworkin
use

Testconnectivity
HIS/RIS

Modality Worklist
Modality Perforned ProcedureStep(MPPS)

Inbound
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InterventionalmagingSystems

DataRequirements
1024 x 1024ImageMatrix
LargeArea@2048(2480x1960)
16 bit acquisition
12 bits on disk
Archiveoptions
Downsizeto 512 x 5122
Storeas8 hit?

Significart impacton reviewandstorage
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Digital Angiographic DataRequiements

Imaging Parameter
Image Matrix
FrameSize
Field of View
Spatial Resolution
Acquisition Rate

Acquisition Rate
(MB/sec

ImageObjectSize
ImageObjects/Exan
AcquiredData/Exam

Exams/Day
AcquiredData/Day
Stored Data/Week
StoredData/Year

Cardiac Angiography

0 1.0MB
15-22cm
0.1-0.3mm
30-60
75-60

30-300MB
10
300-3000MB
6-8
1.8-24GB
9-120GB
450-6000GB

Vascuar Angiography
1024 x 10, 12 bit
2MB
25-40cm
0.25-0.4mm
A=1l5

4-15

2MB
50-400
100-800MB
4-6
0.4-4.8GB
0.5-12GB
25-600GB

358 Frames5122, 8 bit vs 10242, 16 bit
Onesequene:89.5MB vs 716 MB (justAP)
Retrievd: 30 frames/®cvs. 3 frames/sec
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: ; Image Storage
ImageStorage 3 g g
: + NAS RAID
+ NAS RAID p L -
: ; . * 5000exaE oulline
» 5000examsonline | 3
2000DVD it | * 2000DV7% cenadty
. capacil = ) — %
Y] DVDp:' Y - 1 | « Muti ple DVD drives
« Mutipl e rves
. = +7J,000examarchive
+70,000examarchive - .
- & = 1.3yearsstorage!!
Tenyearsstorage - == ¢
(beforeflat panels) !
Reviewat 1-3 frames/sec

Incresednetwak demands

InterventionalmagingSystems Interverional ImagingSystems

Summay Summary (Continwed)
We needto matchclinical requirements

FPDvs.l.l. - Istherestill achoice?
FPDis animportant technologicaldevebpment
in digital imaging - no goingback.
Imagequality is affectedby multiple factorsin
additionto thedetector.
Significantadvanagesalsoprovidedby Comproniseis afact of life
associdedtechnicalimprovements. )
Advanta@svs. disalvantages

and expectations.

Thereis norevolutionin physics.
Not a miracle curefor “badfluoro”
Betterimagesstill requiremorex-rays
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