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[ Fluoroscopy technology today
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Fluoroscopy technology today:

(=Imaging technology )

—Image quality, a matter of taste?
—Dose & image quality

—Verification of technical image quality
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ALARA, we have come a long way....

ARA
WITH AN ILINCH X-RAY IMAGE INTENSIFIER
AR T

ALARA: As Low As Reasonably Achievable

vs technology & state of the art....

Present day
interventional
X-ray system

=
=
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state of the art:

Definition:

developed stage of technical capability at a given time as regards products,
processes and services, based on the relevant i findings of science,
technology and experience

[SOURCE: ISO/IEC Guide 2:2004, 1.4]
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Technology vs state of the art...

Technology advancing....

« Image intensifier

« Continuous fluoroscopy

* Grid Controlled Fluoroscopy
* High power x-ray tubes

~ Metal ceramic tubes

— Spiral groove bearing

Cu filtration

Dynamic Flat panel detector
CRT monitor to LCD technology
Rotational Angiography
Cone Beam CT

Video integration

Minimal evasive /hybrid OR
Advanced image processing

timeline

From imaging as an option
to imaging as a must
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& (non-exhaustive ist)

NEMA XR-31-2016 “Standard Attributes on X-ray Equipment for
Interventional Procedures”.

Requirements On Attributes

* Dosimetric Indications
 Added Filters

* Range of Air-Kerma Rates in Fluoroscopy
* Last-lmage-Hold (LIH)

« Virtual Collimation

« Stored Fluoroscopy

* Variable Pulsed Fluoroscopy Rate
« Digital X-ray Imaging Device

“This standard was developed by the Interventional Group of the X.Ray Imaging Section of the Medical
Imaging & Technology Alliancs (MITA), a division of NEMA.

AL e of the approval of e standard, b Inrventonal Group wes compsed of the following
members

st ticamcaro

enttineers
imotca Hadical Sytams
Zen magig, i

s I st Thaapy Sy, s Heshcre PHILIPS




7/28/2018

What are the elements presented in the XR-31 standard?
“an agreed baseline that equipment should have”

+ Dosimetric Indications integrated into the equipment that are displayed at the working position of the
operator and are exportable

*+ Added Filters with a thickness of not less than 0.3 mm Cu or equivalent that can be optionally inserted
into the x-ray beam

+ Range of Air Kerma Rates in Fluoroscopy with at least three selectable dose rates
+ Last-Image-Hold (LIH) that displays the most recently acquired image after termination of irradiation

+ Virtual Collimation providing a graphical display of the position of the collimator blades on the LIH image
while the collimator blades are adjusted, without irradiation

+ Stored Fluoroscopy and replay of at least 300 frames of the most recent fluoroscopic-imaging sequence
+ Variable Pulsed Fluoroscopy Rate of at least three selectable pulsed fluoroscopy rates

+ Digital X-ray Imaging Device as the image receptor of the equipment, as defined in IEC 62220-1-3:2008
(flat detector technology)
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Trends in technology?
(non-exhaustive list)
+ Increased attention to dose levels / “big” data approach
— Radiation Dose Structured Reporting (RDSR)
facilitating tooling for dose (patient & staff) analysis
— User Quality Control Mode (UQCM) facilitates protocol auditing ‘
— These standards will facilitate doing Dose Reference Level (DRL) studies .

+  Attention to contrast usage (acute kidney injury)

+ Multimodality use & integration / easy image registration
+ Advances in image processing, Ul design, workflow improvement, Al

+ Surgery is moving into minimal invasive procedures
- Hybrid OR high end systems
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Fluoroscopy technology today:
~Imaging technology Clinical protocol development
[—Image quality, 2 matter of tas‘te?]
Welcome to multi-parameter space.....
—Dose & image quality
What are the relevant parameters?
—Verification of technical image quality
» U — PHILIPS

Clinical protocols?

Application:
* Cardiac

* Neuro

* Vascular

Techniques:
* Pediatric

*  Fluoroscopy

* (cine) exposure
« Digital subtraction angiography
* Roadmap

Image uided The

PHILIPS

Basic clinical image run properties:

PULSED DSA*
FLUOROSCOPY

-

“Digital subtraction Angiography

Uve Image

Low dose fechnique Higher dose technique than

Higher dose technique than cine

All applications Cardiac applications Vascular applications

Used for navigating fo region of Used for diagnostic purposes (always stored)

interest (can be stored)

Sometimes used with confrast puffs Always used with contrast
Several EPX seftings per clinical area

No legal requirement on max dose value

Severalfluoro levels per clinical area

Legal requirement on max dose:
10R/min
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Requirements on image quality

« Dependency on clinical task

Elements of Image Quality

* Resolution

25,
* Contrast
Vascular DSA . "
Pediatric * Dynamic Imaging Image [ o,
* Noise B Quality H
‘ * Artifacts %
Cardiac exam
EP treatment Noise
PHILIPS 2 [ S —. PHILIPS
[ >
. . . &0 . . 050
High resolution requires o High contrast requires Comrat
Resolution
| |
I I I 1 [ I I I |
Geometry Detector Image Monitor Technique Object Detector Image Monitor
Processing

fF

Processing

edge
‘enhancement

Smal focal spot size Small Pixels

Proper size for
viewing distance

Look UpTable

Collimation

[ Closeso | [ LargeMarrix |
:
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High resolution, dynamic imaging requires Dyndmaging Lower noise requires No
lise
| |
[ T I | [ I I I !
Generator Object Detector Image Technique & Object Detector Image Monitor
& X-ray tube Processing geometry Processing
a\ )
MK
ol
Anatomy (eg. Refresh light Adaptive
the RCA moves Recursive
. faster and farther Filtering Higher mAs | [Thinobiee | [ mgnboe | Adaptive Extra Bright
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What is the “best” set of parameters

given a certain clinical task?

dose | )

1Q

Required image quality

Justified patient dose
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Fluoroscopy technology today:

—Imaging technology

—Image quality, a matter of taste?

[-Dose & image quality ]

—Verification of technical image quality
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Dose & image quality example:

Protocols & design influences

Advanced image processing

Advanced image processing; building blocks
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Spatial Noise Reduction: “content-aware Image Processing”

noise : blur

7 roise.. blur
content awareness

TODR or CD Mam phantom excellent for Quality Assurance
TODR or CD Mam Not appropriate to quantify performance of content-aware lgo used for
fi. Adult Cardio
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Comparative 1Q and dose reduction on cine runs

~Example of cine acquisitions - -
i i ctio®

AlluraCarky




Comparative 1Q and dose reduction on cine runs
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- Example of cine acquisitions -

Patientinfo.

AluraCariy

Dose & image quality example:

The clinical user;

Guidance, Ul challenge and awareness

Operator adjustments to extend safe working

Image Guided Therao - ystem,Pilps Hestncare

‘ Reduce SID ‘

PHILIPS

Pre

feedback

Operator adjustments to extend safe working Change

fluoroscopy

feedback

Preered s ACE 2007y . G, Uity o e Ao, USh
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Dose Awareness

Operator actions affect the prediction

A “speedometer” for dose rate
Actual and predicted ai kerma rat N
Operator sees predicted dose rate while selecting views
settings. Operator actions modify the prediction S
Operator can mdiy projecion,tabl height, SID, fluoro riodg
and other parameters to minimize dose r

and

A “fuel gauge” for accumulated
skin dose -~

Prdiced skindose by body zone N
Sate working time remaining i tis projection N
Safe working time can be extended

Safe working time
Predicted s time remaining
Operator can budget time, plan procedurs
e tme Is extended when modifications reduce dose rate

PHILIPS

. RAO-cranial  LAO-cranial
DoseWise \ /
Dose information / communication 0% }? A
LIS SRS RIS A
* Live Display .
alale 3
« 10 different Body Zones ‘.]] i ]f [P- ]-'
« graphical representation of
percentage of the AK rate RAO-caudal  LAO-caudal

* Real time dose information

Bod del
* Accumulated dose 9dy zone moae

Dose per zone

« Patient dose report
« Archived in RDSR dose report
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aperture  modulation

Typical Reference Air Kerma (Rate) Values
Dose & image quality example: ! —

|nStrUCtI0nS For Use; tube  collim. PMMAslabs grid  FD detector

o =t
- 0, 4l 5
Provide guidance and awareness i ’_ -

International standardization:

standardized reporting
of dose related data in IFU

in accordance with IEC 60601-2-43:2010 203.5.2.4.5.101c.

Protection Against Sti Radiati
rotection Rgalst Stray Radlation Fluoroscopy technology today:

Isokerma Maps

Zone of Occupancy / radiation shield

—Imaging technology

—Image quality, a matter of taste?

—Dose & image quality

[—Ver\ﬂcat\on of technical image quahty]

(IEC60601-1-3 / IEC60601-2-54) I PHILIPS

PHILIPS
Verification: Does the system do what it needs to do? !
+ Whole lifecycle! Lo dﬁ\’\a
« Evidence based: o Spec\i‘g ’
— in development process )
. . 2l — during system submission (CSA, UL, FDA, DEKRA, etc...) o 9(0“\‘ o0l
A manufacturer point of view; — - during manufacturing 13 ped®
— during the handover etc etc efc...... W“‘BK
— during operation.....
Method, measurements, framework A aoce
of
= Pe‘;‘s\a“d
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Highly regulated domain: System calibration & verification:
or%
o s
L — System calibration: S€
FRCR: Physics Lectures Establish the parameter values needed for correct operation
Diagnostic Radiology within spec. within the designed calibration framework.
— System verification:
Assure the correct operation by measuring performance
under typical operating conditions.
Quality Assurance
in Paediatric Radiological
Procedures
Lo9
@
A
Gonfgenial 4 Gonfetial as
PHILIPS PHILIPS

System calibration; some details:

— Tube conditioning:
+ tube vacuum, arcing, check if ok

— Tube adaptation
+ measure le=f(If)\@kV and polynome fit

— Detector entrance plane adjustment
« Shutter position in relation to flat detector plane Flat Detector
— Detector front end calibration

+ Greyscale to xray dose calibration
« Uniformity of image (gaincorrection etc)

— Tube yield calibration
+ X-ray output = f (kV, filtration)

— EDL calibration

L Note: Geo adjustments not
« fluo exposure (“10R/min”), correction factor

nmentioned here!

Goriidertial 5

System calibration & verification:

— System calibration:
Establish the parameter values needed for correct operation
within spec. within the designed calibration framework.
W
— System verification: = (anc®
Assure the correct operation by measuring performance
under typical operating conditions.

Goriidertial a5

Technical verification of image quality & dose behavior?

* Not at clinical protocol level

 But rather at technical level

eg Quality Assurance

+ Functioning of automatic exposure control (AEC)

+ Programmed dose levels, dose limitation
mechanism

N + Dose indication accuracy

« Alignment of system

Technical resolution at system level

[r—

PHILIPS

PHILIPS
System verification; modular/staged approach:

« always
. + semi- automated
+ Main:

— System dose behavior
— Monitor behavior ?e@(mame

+ Additional:
— Dose display
— X-ray alignment
— X-ray tube
— Generator
— Monitor (additional)

e "
oSNC + additionally
o™ P\eg“\a\ow + manual

Coficential W
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Modular/staged approach:
— Level 1 (always)
— Lower level (additional & in case of error)

Defined toolset
— Aluminum phantoms (20; 5; 2.5 mm)

— Copper phantoms (1.5 and 0.5 mm) Q

— Lead cover g
="M

— Funk 38 linepair phantom

— Star Phantom -
— Monitor Testimages (performance and legal)
— Unfors Xi or X2 meter: Dose(rate); kV; HVL; Light; mAs

TR
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Verification, Acceptance & Constancy Testing: System calibration & verification framework: @@})

« Part of several processes:

Regular system
assembly
in manufacturing

Operations IRETTElRET
P in field
Maintenance
Operations / Service org. in field

Service org.

Part of DHR, annual reporting, acceptance reporting etc...

Confidential S0
PHILIPS PHILIPS
QA & System Performance g -
Verification:
Manufacturing Field Service
maintenance
system status
DHA wear out . .
patoimages system status End-user point of view;
reporting
regulatory reporting constancy
dose  Hospital use system status
X " constancy
image quality vacM
wear out
performance Quick check
Confidential Prifps Healfcare, Nowmber 2013, 1Q & physics PHILIPS Confidential Prifps Healfcare, Nowmber 2013, 1Q & physics
PHILIPS

Quality Assurance in the life cycle:

The life cycle of X-ray imaging[

Clinical use <

Installation

Commissioning Critical examination

(on behlfof nstaler)
Acceptance ]
(on behaf of purchaser)

‘Source: Tim Wood, Clin. Scient. NHS Trust UK; “Lecture 8 - Qualty assurance’

Corficential Pt Fosncar, Nvore 2015108 pyics

systems e |
; Replacement . —
Disposal Equipment
specification o
Maintenanceand Tender ‘:\36\3\‘0“?99‘5
routine QA M NN )
Critical examination/ SO
commissioning  Purchase contract RS

User Quality Control Mode: NEMA XR 27-2012

NEMA XR 27-2012:
The essence:

UQCM will provide controlled access for:

~ X-ray dose related constancy testing

— Export of images

— Auditing dose information in exam protocols
— Radiation dose structured reporting (RDSR)
— Cal. factor for CAK in RDSR
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And finally, yes you have heard it before..... Guidance! [ E ecng P |
e | from WSS |
= o (e |
patient and staff dose
xu IMAGE WISELY®
" @ http://rpop.iaea.org  ({)IAEA
PHILIPS PHILIPS

Reducing patient dose

- The ALARA principle -

Increase distance tube-patient Lower SID Prefer non steep angles Store fluoro
, _\/ R =X
— C V e
Use collimation Prefer lower fluoro flavor  Reduce number of images  Reduce fluoro time

PHILIPS

Gorfental

Reducing staff dose

Beside reducing patient dose,

o

Use lead shielding. Keep distance if possible If possible, step out of
during acquisition. the examination room

during acquisition.

PHILIPS

Gorfental

(Not) the end...

IS ANY PART
MISSING THEN 7,

Thanks for
your attention!
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