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_ R R X-Ray Clinical Imaging Applications:
Fluoro X-ray Systems under discussion Variety & Key Considerat ions:

Anatomy/o bject of interest : radiographi ¢ attenuation, size, moti on:
Cardiova SCUl ar: R&F “ f|u0r0 » »Bone: spine : verte broplast y, needle placem ent

»>Gl tract with barium cont rast
»>Blood vessel or Heart chamber with iodine con trast
»Guidewire , catheter, stent

» Backaroun d anatomy : attenuat ion variation s, motion
»Thorax : large attenuat ion variations, rapid cardiac motio n
>Abdome n: more uniform attenuation, less motion
»Cranium: large attenuation variatio ns, little motio n

 Attenuati on range: from pediatric to obese adult.

»AP thorax: 6¢cm (ped) to 32cm (large adult) and growi ng, equivalent to
~9HVLs of ~3cm, ~500:1 diff erence in attenuation.
»LAT thorax present s greater range and challenge

ge of Needs
>> Need for Flexibilit
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Performance Metrics for Clinical Imaging:

sImaging Dose Efficiency:

=X-Ray Source Efficiency

=Image Detector Efficiency
Dynamic Range
*Tempor al Response

eImage Arti facts

A Comprehens ive Set of Relevant IQ Measures
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Performance Metrics for Clinical Imaging:

Requir ement

X-Ray Source Efficie ncy: High continuous
power capabi lity , range of spectral filters

Image Detector Efficiency (DQE): High X-
Ray Conversi on Efficiency, Low Readout
Noise

Wide Dynamic Range: High min/max
signal range from image detector plus
specialized image processing to prese nt
information effectively on displ ay.

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

Clinical Benefits

« High Dose Efficie ncy
+High fluoro penetration capabil ity for
large patients

+High Image Quality: Object detectability
+High Dose Efficien cy

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

+No Bloomin g in thin anatomy: robust,
forgiving to difficultie s with positioning,
collimati on, contour filters, etc.

+High defini tion of moving objects
*Good rendering of dynamic events

A Comprehen sive Set of Relevant IQ & Dose Efficiency Measures
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Perf

Opti mization Problem Statemen:

nce Metrics: Clinical Image Quality & D

Berefit _ Clinical Objective _ Clinical ImageQuality _ Imaging Dose

Cod Risk

ectives:

Dose

Efficiency

*Maximize ImagingDoseEfficiency: Bestclinicalimage quality for anydose
levelclinicianchoose to use tailoredto intenrdedapplication.
*Providerangeof Dose/IQsédectionsto operato to fit applicaion needsand

preferencesf cliniciars.

*ProvideDoseReadow/Feedbeck: clinicianawarenesfor decisbn making.
« Automatethe processasmuch aspossitle.

Caveat

« Dose= DoseRatex Time, alternatdy Dose/EXx

Exposures.

» Needto consterimpact of ImageQuality on fluorotime, numberof
exposuresequiedto achiee clinical goals

Consisentwith ALAR A (As Low As Reasnably Achievable)DosePrinciple
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Performanc e Metrics: XRT: Spectral Filtrat ion
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Spectrum at patient entrance

Spectrum after 25 cm Water

Energy (keV)

= regular filration === 0.2 mm Cu additional filration

= regular filtration

Energy (keV)

=——0.2 mmCu additional filtration

« 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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Perfor mance Metrics: Detector: Importanc e of DQE

DQE=1.0 DQE =0.5 DQE =0.25

CNR=5 CNR =35 CNR =25,

@

Optionsenabled Better Image, Same Dose
by higherDQE:  Same Image, Lower Dose

DQE (Detective Quantum Effici ency) is judged the best ind ex of object
detectability in contra st & dos e-limited imaging, as in real clinical
imaging.
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ModernX-RaylmagingSystemDesign

* XRT/SourceAssemiy
« ImageDetector
« Automatc ExposureControl

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

* Imageprocessing Display

* Procedire Proto®l Driven CustomizatiorandControl
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Perform ance Metrics: Tempor al Response: Value

Pediatric Imaging
Protocol

4 msec max pulse
width

30 Frames/Sec
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X-Ray Source Assembly: X-Ray Tube & Collim ator

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)

Collimator with variable Spectral Filtration:

« Contour Filters
+ 0.1,0.2, 0.3, 0.6 & 0.9mm Copper filters —
+ Rectangular Blades —
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Detectors: Image Intensi fier/TV >> Flat Panel Detector DQE: Flat Panel vs II/CCD

DFP Benefits: +200u Pixel 40x40cm Flat Panel
“Birthr ight” «State of the Art 40cm Image Intensi fier + 1k x 1k CCD
* Bright ness & MTF Uniformit y Detective Quantum Efficienc y
Image Intensifier Chain Across Entire Image
* No Veiling Glare
* No Geometric Distortion
» No Earth Field Distortion

Design-Depende
* 5-10x Improvement in
Dynamic Range: depends on
imaging mode and DFP &
Electr onics Design

} « Radiographic DQE: Typically

Digital
Flat Panel Detecto r

better L 18

- Fluoro. DOE: Depends on Spatial Frequency (cyelesimm)
Detector & Electronics Design

m Flat Panel has Significant Advantage in DQE
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Detector: DFP: Binning in Larger FOVs Detector DQE: X-Ray Detector/Imaging Chain

1Mo Z100Fuoro DQE @1 uRF

Native 200x 200 micron photododes

Summed400x 400 micronpixel (in blue;
R . AT ) 1o understa nd how well DQE(f) at fluoro level
Blnmng_PrlnapIe._ _ —_— ot cgonside ph radiation exposure of
*ScanAdjacent Linesin Pairs | .

> 8 nGy/Fr (1 uR/Fr)
+Digitally addadjacent columnsin pars thl'}i12§3Ec?wZ:\n/e o

) . »The spatial
Performancelmplicatiol | frequency content of
*4X signd/pixel: betterSNR | the object being
«Limiting SpatialResdution 1.25 insteal of imaged

2.5Ip/mm (compaabe to 1I/Vid e0) S l P [ | Note thatthere is

Spatial frequency content
of a stent.

*GoodDQE at lower doseausedin LFOV E!'Oﬁfe?Sively less signal at
imaging, exceading 1/Vid eo chain igher frequencies,

+Reducedimage processing,storage and E)?mﬁr'a”y beyond 2

displayrequirements. «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.

Bin ni ng En les LFOV |mag|n g at Reqw red Rates +Response at a single spatial frequency, e.g., spatial resolution limit, doesn't tell the
story.
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Detector Dynamic Range: DFP Versus II/TV

1I/Video Chain Transfer Digital Detector Transfer

Function Function
I

Modern X-RayImaging SystemDesign

Skin Line
Lung

Soft Tissue .
Automatic Exposure Control

Video Signal
Detector Signal

Spine, Diaphragm

X-Ray Intensity X-Ray Intensity

« 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
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o Automa ofo e 0 0 e
Automatic Exposure Control Systems aie ofo ble-Based
ective B z a ed fro
D " Image Data from Detector : Possi bilities — digita =
\EIEC Or,r > Aver age . o
. :ﬁ'i:t?)irzcri“ e Welgited) Y Algorithm Calculates Effective Patient
tien! 9 U Thickness (EPT), based on:

Auto Ex Exposure Control Algorit hm: Possibilities Auto ~Effective Brightness
» Autom atic selection of kVp, mA, pulse *kVp, mA, Pulse Width

width, focal spot, spectral filter & *Spectral Filter
detector dose as a function of image *FOV, SID, Grid In/Out
signal from detector and effective

XRT —Generator patient at_tenuation (calculated from x- = enerato N PT Dete S o
ray technique, SID, other system & Spectra T A OERE (e
Desirab le Objectives : parameters ) P ajectory table, a ends to generato
+ Maximi ze Imaging Dose Effic iency: Best clinical image quality for A
any dose level clini cian choos es to use, tailored to intended Pulse
applicatio n, capitalizing on component characteri stics. e e e T TS X —
+ Provide range of Dose/IQ selections to operato r to fit applicati on 0 0 m KVp W mA Pk Fil Rimin_|_mRimin
needs and preference s of clinicia ns. > 2 20 1 ps 120 041 &
« Provide Dose Readout/Feedback: clinician awareness for 5 7 118 | 366 ) 416 6
5 154 [ 343 | 01 | 1000 o

decision making.
+ Automate the proc ess as much as possible.

P o A o 8 1</ <>|>]]




Autom a po e ontro e
e e e e e D e
a 0 ab d a 0 D g 0
Obiective
A 0 otio
e apab e
Req orv Requireme
P ode
/\ (0] 0 0
ectorie
[Fluor - 30 PP, Normal Detaf, ROL Trajector
Op 0 [Fludro 30 PPS, Low Detail. 10 Plus Trajecio
Cine: 30 PPS. Normal Detal- 10 Plus Traje o
A 0 [Fluoro : 15 PPS, Normal Detail, 1Q Plus Trajector y.
[Fluoro: 30 PPS, Normal Detail, "Smart 1Q" Traje ctory
EPT Techniaue Pl Dose | Dot Dose
Cm 5 1 pw [ mApk [ Fi [ Rmn | mRmn
T &) 50 [ 55 10 02 G
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Automa tic Exposu re Control Systems: “Trajectory " Table-Based:
Sample Trajectories for One Operati ng Mode of Pediatri ¢ Angiogr aphy

Independent cont rol
*kVp
*mA
«Pulse Width (primary & Grid)
*Spectral Filter
*Focal Spot
Within limits_of
Tube: filament, power, etc
rator: Power, control

+Regulations

kVp (upper left), Pulse Width (upper middle), Spectral
Filter thickness (upper right), mA (lower left) and
patient entrance dose as a function of EPT in cm of
PMMA for one fluoro Auto Ex traject ory.

tient Thickness Control
Range:

*From 0 cm (bare table) to

>40cm of PMMA effecti ve

patient thickness (EPT) Note log scale

rget Value
+kVp: 60-80 kVp for lodine
imaging
*Pulse Width: 4 mSec max for
peds

e . s 88

reqdose (mGyimin)

P EEER

Fidre s @)
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Automatic Exposure Control Systems: “T rajector y” Table-
Based: Typical Optimization Criteria
i 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

Contrast (more is better)

Image Quality =
ge Q ¥ Noise (less is better)

Cost = Patient Skin Dose
Design Strate gy: One of several pos sibilities
+Maintain near-cons tant CNR over range of patient thickness (within
limit s)
> Significa nt dose saving s on small patients & shallow angles
+Provide several levels of CNR (and therefore dose) to Operator:
> Operator chooses level of IQ required for proc edure: via protocols,
tables ide control, initial system setup (trajec tory family)
+Minimize patient dose required to achie ve selected CNR by optimi zing
x-ray techni que and filtration.
+Pediatric: Limit Pulse width to 4 mSec max in fluoro and digital cardiac
record

w As Reasor
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Automatic Exposure Control: “Trajecto ry” Table-Based:
Trajectory “Family ” Option s Example

Typical Dose Levels: Fluoro (mGy/min), Cardiac & Innova Chase (uGy/fr) and DSA (mGy/fr)

Fluoro 30fps Cardiac Dyn 5 fps DSA

Normal : 2.8 Normal : 91.2 Normal : 293 Normal
Low : 9.4

+ Mode Selection 1 Low : 32.4 Low : 146 Low

. 252 Normal : 91.2 Normal : 293  Normal
* Mode Selection 2 1104 Low : 352 Low : 146 Low :

1149  Normal : 91.2 Normal : 293 Normal
* Mode Selection 3 &y Low : 32.4 Low : 146 Low

Loweer Dose

* Mode Selection 4 : Normal : 32.4 Normal : 293  Normal
Low : Low : 14.3 Low:146  Low

* Mode Selection 5 : Normal : 32.4 Normal : 293  Normal
Low : 143 Low:146  Low

Test conditions:

« Patient Entrance Dose

+20 cm FOV

« 20 cm PMMA phantom

+ Reference: Operator
Manual

« 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
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Automatic Expos ure Contro |: Option s for Dose

oma PO e Co ol: Optio or Dose
ange ame Rate Change with Field of View: DFP vs Il
0 Optio een o e e I1: As FOV isreduce, Il sensitivity decreass,becaus asmallerinputareal
Output Phosphor of thescintill atoris being projected to thesameoutputphoghor area.
R A o JA e R K
Bala d Do Q ollo g’'o qua 00 .
>Required|l entrance dosegoesup inversely with area, or...
ale a a a 0]0][S aetectao
»Compensatbns& compomisesmustbe made(videocanerairis), and ...
e e e e e e Eledron Trajettoie / |
Do Do ale arops d oro Ira SRR >Smaller FOV’s may operate at higher than optimal entrance doses
Scintllator
Baanced | Mnimize | Balanced | Minimize Seintlalor 3
Frane Rete | Dose/lQ Dose Dose/lQ Dose LI (e 1 e
EY) 100% 100% 104 104 0 el !DFP. Flatpané Sensitivty is
78 3 (0[0) independenof FOV, becaseit
150 % 5% B . depend only on the sizeof the
7.5 50% 25% 5.2 2.6 . detecor elemerts, which is fixed
»Freeto choosethe optimal
Be oice ay aependa upon application and e dose for eachFOV.
ele owe ame rate tolerated b er 10r appilicatio >No compromiseswith FP
ele owe able dose at selected frame rate
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Automatic Exposure Control: Options for Dose Automatic Expos ure Contro |: Option s for Dose
Change with Field of View Change with Field of View
lllustration of FOV Change with Dose Change

lllustration of FOV Change without Dose Change
12 cm 30 20 16 12 Dose Increase from
cm cm cm cm 30cm

@ 6x
With UNE

30cm LVl 4
X'
Doga\(\

Dose Increase with 1/Length Betwea
thetwo

D,
Ose Con&‘an[

How much does IQ improve with magnification + dose?

How much does IQ improve with magnification alone?

AAAPM 2006: Digital Fluoroscopic Imaging: Acquisition, Processing and Display. Abstract ID: 9361. Belanger

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




Automatic Exposure Control: Options for Dose

Change with Field of View
T~

Differ ent Philosophies :

1/Area: Assume that smaller FOV indicates need
for better CNR and keep perceived Contrast/Nois e
Constant

No Change: Accommodate Clinicians’ Vision Only

1/Length : Split the difference between the two
above

GE Philosophy is Close to 1/Length.
Most manufacturers change less than 1/Area with FOV
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Rotational Angio/3D/CT on Flat Panel Angio graphy System s

Vascular, bone and soft tiss ue 3D imaging in the intervention suite

3D Images

Cross -sections

3D Display
In Several Formats

Rotational
Acquisition
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Automatic
3D Recon

Modern X-RayImaging SystemDesign

* Imagng modes: Fluoro, Dynamic Recod, Digital Spot,
DSA, Subtractedolus Chase,Roteional Angio/3D/CT
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Rotational Angio/3 D/CT on Flat Panel Angio grap hy System s

MIP Volume Rendering Sagittal cross-section

Oblique cross -sectio n  Axial cro ss-section Coronal cross -section

Both 3D views and cross -sectio ns
Can be automatically created at 3D volume loading
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Rotational Angio/3D/CT on Flat Panel Angio graphy System s Rotational Angio/3 D/CT on Flat Panel Angio grap hy System s

Oblique cross-section  Axial cross-section Acquisition and Reconstruction Protocols

“Classical ” “CT” Mode

~5 second acquisition 10 & 20 second acquisition
One or two spins (for subtract ed) One single non-subtracted spin
~200° at 35-40°/s ~200° at ~40, 20 and 10°/s
~150 frames ~150, 300 or 600 frames

3D recon in 2562 and/or 5123 3D recon in 2563 or 5123

« Display: MIP, VR, MPVR, etc. « Display: MPVR (+MIP, VR, etc.

Vascular, bone and Increased contrast senstivity for
soft-tissue 3D imaging bone and soft-tissue imaging
Evolution toward better “CT” Capabilities:
»Longer effective exposuretimesthan CT in somecases
Both 3D views and cross -sections »Higher spatial resolution capability than CT
Can be automatically created at 3D volume loading >Low contrast sensitivity lessthan CT
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Sagitta | cross -section  Coronal cross -secti on Full screen axial cro ss-section

Rotational Angio/3D/CT on Flat Panel Angio graphy System s . _
Modern X-RayImaging SystemDesign

»>Typical Reconstruction Algor ithm Elements and Attributes :

Full cone -beam tomographic reconstruction

Based on Feldkamp algorithm

Compensa tion/cali bration for “Open Gantry”

dynamic mechanical behavior

Processi ng of truncate d views

Beam harde ning corr ection

Ring artefacts removal

Parallel im plementation * Image prmessi@ & Disp|ay
Reconstru ction time depends prim arily on

matrix, e.g., 2563, 5123,

Your CT knowledge should be transferrabl e!
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Image Processing: Dynamic Range Management

Classic Contras t/L atitude Tradeoff

Desired Behavior

Breaking the Contrast/Latitude Constraint
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Image Processing: Dynamic Range Management
Digital Spot Example: Multiresolution Processing
Transform
Decompose Select V
y fi

-Spa

Addition

Raw Input Processed Image

Get all the desired
information in one
image
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Image Proces sing: Dynamic Range Management

Digital Spot Example: Simple Display LUT
Digital detector dynamic range covers the entire range of
exposure levels; more than can be displayed without
processing!

Soft Tissue

Skin Line

X-ray Detected

...or a Bone Look

But one LUT can’t do it all at once.

361. Belanger

Image Proces sing: Dynamic Range Management
»Realtime Processing in Periph eral Runoff 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 dlagnostlc info in one run

*Robust: fewer retakes?
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Image Proces sing : Fluor o Nois e Reduction Image Processing: FNR Motion Com pensat ion

Advan ced Fluoro Noise Reduction (FNR)

What is it? none
«Temporal averaging of image data to reduce quantum noise (fluoro-
only application)

Impact of Motion Compensa tion at 30 fps

16 frame recursive averaging 16 frame recursive averaging
with motion compensation no motion compensation

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

Motion Compensation is a Clear Benefit
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. ) Procedure Protocol -Driven Customi zation and Control
ModernX-RaylmagingSystemDesign

Pre Selecti on
Auto ExposureControl cqu sition Mode
*Average
Feedback signal *Location Weigh ted a
*Histog ram +Frame Rate
*FOV

Acq Mode
Dose Traj
FR, FOV

DRM Contrast

FNR Streng th

Edge Enhance

detector Algorithm
Fov

patient ( .

Fluoro/Record Mode

collimati on —, l

spectral filter Realtime Digital

. . . X-ray Image Processing
* Procedire Proto®| Driven CustomizatiorandControl D WD *Kvp_ e DR
N FNR

Focal spot Edge Enhance

Image Processing Can Use Protocol & Exposure Information for Optimization:
»Beware of Interactions when Testing
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Procedure Protocol -Driven Customiz ation and Control Key Points to Consider in the Purchasing Process

»System Features for Dose Reduction
Pre-defined Procedure Protocols (fit dose & technique to procedure)
Automatic Spectral Filters  Applications breadth required by clinical
Pulsed, Variable Frame Rate Fluoro (linked to Procedure Protocols) department, both tOday and IOOkmg out ~5 years.

Riitalieciimatiopiialeanning « Procedure/protocol capability/flexibility/performance

Adjustable Contour (Wedge) Filters in Collimator provided by equipment
Last Image Hold . . .
) *Imaging/Dose performance provided by equipment
Fluoro Loop Replay & Store (with DICOM & DVD Record)
Auto or Manual Grid removal
Patient Contouring (Automatic Minimization of patient-detector distance)
Dose reporting
The More Automatic/Programmable, the Better
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Implementing Quality Assurance & Pitfalls to Avoid

Prioritize by key clinical procedual needs.

Work with Suppier’s Field Servie Engineerand Applications
Spedaalists throughinstallationandcustometrainingto fully
understandapatilities andoptimize to clinical needsand
prefererces.

Peform full verificationtestsetatinstallation

«Consicer “standardizetprocedurs:
*Manufacturers
+|[EC 612233-1
*SCA&I?/NEMA XR-21 (Cardiag

* Paform keyfunctional& peiformancechecksat periodicintervals.
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