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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….
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ALARA: As Low As Reasonably Achievable

vs technology & state of the art….

Philips Technical Review: 1958/59, No. 11 331

AN APPARATUS FOR CINEFLUOROGRAPHY

WITH AN ll-INCH X-RAY IMAGE INTENSIFIER

by J. J. C. HARDENBERG. 

2017

1959

Present day

interventional 

X-ray system

state of the art:

Definition:

developed stage of technical capability at a given time as regards products, 

processes and services, based on the relevant consolidated findings of science, 

technology and experience 

[SOURCE: ISO/IEC Guide 2:2004, 1.4] 
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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

From imaging as an option 
to imaging as a must
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Technology vs state of the art….

ti
m

e
li

n
e

(non-exhaustive list)

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-Image-Hold (LIH) 
• Virtual Collimation
• Stored Fluoroscopy
• Variable Pulsed Fluoroscopy Rate 
• Digital X-ray Imaging Device
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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)

Details
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• 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, UI design, workflow improvement, AI

• Surgery is moving into minimal invasive procedures

- Hybrid OR high end systems

(non-exhaustive list)
Trends in technology?

Fluoroscopy technology today:

–Imaging technology

–Image quality, a matter of taste?

–Dose & image quality

–Verification of technical image quality
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Clinical protocol development

Welcome to multi-parameter space…..

What are the relevant parameters?

Clinical protocols?
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• Cardiac

• Neuro

• Vascular

• Pediatric
• Fluoroscopy

• (cine) exposure

• Digital subtraction angiography

• Roadmap

Application:

Techniques:

PULSED 
FLUOROSCOPY CINE

DSA*        
*Digital subtraction Angiography Live Image

Mask Image

Philips internal use only

Low dose technique Higher dose technique than 

fluoro

Higher dose technique than cine

All applications Cardiac applications Vascular applications

Used for navigating to region of 

interest (can be stored)

Used for diagnostic purposes (always stored)

Sometimes used with contrast puffs Always used with contrast

Several fluoro levels per clinical area Several EPX settings per clinical area

Legal requirement on max dose: 

10R/min

No legal requirement on max dose value

Basic clinical image run properties:
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Requirements on image quality

Cardiac exam

Pediatric

Vascular DSA

EP treatment

• Dependency on clinical task

Elements of Image Quality
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• Resolution

• Contrast

• Dynamic Imaging

• Noise

• Artifacts

Noise

Image
Quality
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High resolution requires
Resolution

Geometry

Small focal spot size

Close SID

Close OID

Detector

Large Matrix

Small Pixels

Image
Processing

edge 
enhancement

Monitor

Bright Display

Proper size for 
viewing distance
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High contrast requires

Object Detector Monitor

Extra Bright 
Monitor

Anti-scatter 
grid

Image
Processing

Image 
harmonization

Look Up Table
Low kVp

Technique

Collimation

Wedge filtering
Extended 

Dynamic Range

Contrast

Image Guided Therapy - System, Philips Healthcare14 2
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High resolution, dynamic imaging requires

Object Detector Image
Processing

Generator
& X-ray tube

Anatomy (e.g. 
the RCA moves 
faster and farther 
than the LCA)

Refresh light Adaptive
Recursive 
Filtering

15 or 30 fps

Pulse Width

Dyn. Imaging
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Lower noise requires

Object Detector Image
Processing

Monitor

Higher mAs

Closer SID

Larger
pixels

Adaptive 
Recursive 

Filters

Extra Bright

Larger focal 
spot size FOV

High DQE

Proper
Look Up Table

Thin object

Shallow angles

Technique &
geometry

Optimal 
Viewing 
Distance

Noise
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What is the “best” set of parameters 

given a certain clinical task?

Justified patient dose

characterization

localization

dose
IQ

?

01 | Clinical protocol development

Optimization of x-ray imaging: 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

1
Advanced image processing;  building blocks
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Temporal noise reductionTemporal noise reductionTemporal noise reductionTemporal noise reduction
Reduce noise by averaging with previous frames

Spatial noise reductionSpatial noise reductionSpatial noise reductionSpatial noise reduction
Reduce noise by averaging with neighboring pixels

Automatic live motion compensationAutomatic live motion compensationAutomatic live motion compensationAutomatic live motion compensation
Reduce effect of motion in subtraction imaging 

Image EnhancementImage EnhancementImage EnhancementImage Enhancement
Optimize clinical visibility/utilize all clinical information  

Spatial Noise Reduction: “content-aware Image Processing”

29

TODR or CD Mam phantom  excellent for Quality Assurance   

TODR or CD Mam Not appropriate to quantify performance of content-aware algo used for 

fi. Adult Cardio

Comparative IQ and dose reduction on cine runs
- Example of cine acquisitions -

Image Guided Therapy - System, Philips Healthcare30

Image courtesy from Dr. H. Gehlmann, UMC St. Radboud, Nijmegen, Netherlandshttp://www.clinicaltrials.gov/ct2/show/NCT01684826

AlluraClarityAlluraClarityAlluraClarityAlluraClarity

LAO 45 CRA 20, 15 fps, 20 cm FOV

DAP 2.269 Gycm2 @ 0.0270 Gycm2/frame

AK 34 mGy

Patient infoPatient infoPatient infoPatient info

F, 55 yrs, BMI 30.2 kg/m^2

smoker, hypertension, hyperlipidemia and  CAD;

Previous PCI and admitted for complaints of 

progressive angina

AlluraAlluraAlluraAllura XperXperXperXper

LAOLAOLAOLAO 45 CRA 20, 15 fps, 20 cm FOV

DAP 6.523 Gycm2 @ 0.0604 Gycm2/frame

AK 100 mGy
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Comparative IQ and dose reduction on cine runs
- Example of cine acquisitions -
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AlluraAlluraAlluraAllura XperXperXperXper

LAO 40 CRA 20, 15 fps, 20 cm FOV

DAP 5.396 Gycm2 @ 0.0545 Gycm2/frame

AK 91 mGy

AlluraClarityAlluraClarityAlluraClarityAlluraClarity

LAO 40 CRA 20, 15 fps, 20 cm FOV

DAP 2.156 Gycm2 @ 0.0247 Gycm2/frame

AK 36 mGy

Patient infoPatient infoPatient infoPatient info

M, 67 yrs, BMI 25.6 kg/m^2

hyperlipidemia; previous MI and CABG

admitted for angina and myocard ischeamia

http://www.clinicaltrials.gov/ct2/show/NCT01684826

Dose & image quality example:

The clinical user;

Guidance, UI challenge and awareness

2

Operator adjustments to extend safe working
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Presented at ACC 2007 by Dr. John Gurley, University of Kentucky, Lexington, USA

Reduce SID

Provide 

feedback

Operator adjustments to extend safe working
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Presented at ACC 2007 by Dr. John Gurley, University of Kentucky, Lexington, USA

Change 

fluoroscopy 

mode

Provide 

feedback

Dose AwarenessDose AwarenessDose AwarenessDose Awareness
Operator actions affect the prediction

3
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A “speedometer” for dose rate
• Actual and predicted air kerma rate.

• Operator sees predicted dose rate while selecting views and 

settings.  Operator actions modify the prediction 

• Operator can modify projection, table height, SID, fluoro mode 

and other parameters to minimize dose rate

A “fuel gauge” for accumulated 

skin dose
• Predicted skin dose by body zone

• Safe working time remaining in this projection

• Safe working time can be extended by

Safe working time
• Predicted safe time remaining

• Operator can budget time, plan procedure

• Safe time is extended when modifications reduce dose rate

35

Provide 

feedback

DoseWiseDoseWiseDoseWiseDoseWise
Dose information / communication

• Live Display 

• 10 different Body Zones

• graphical representation of 

percentage of the AK rate 

• Real time dose information 

• Accumulated dose

• Patient dose report
• Archived in RDSR dose report

36

RAO-cranial LAO-cranial

RAO-caudal LAO-caudal

registration

reporting

Provide 

feedback

Body zone model

Dose per zone
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Dose & image quality example:

Instructions For Use;

Provide guidance and awareness

International standardization:

standardized reporting 

of dose related data in IFU

3

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

Typical Reference Air Kerma (Rate) Values

tube FD detectorPMMA slabs

SID

~20 cm

collim. grid

aperture modulation

Protection Against Stray Radiation

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

Zone of Occupancy / radiation shield
Isokerma Maps Fluoroscopy technology today:

–Imaging technology

–Image quality, a matter of taste?

–Dose & image quality

–Verification of technical image quality
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Verification:

A manufacturer point of view;

Method, measurements, framework

Confidential Philips Healthcare, November 2013, IQ & physics

• Whole lifecycle! 

• Evidence based:

– in development process

– during system submission (CSA, UL, FDA, DEKRA, etc...) 

– during manufacturing

– during the handover etc etc etc......

– during operation.....

Does the system do what it needs to do?

42
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Confidential Philips Healthcare, November 2013, IQ & physics

Highly regulated domain:

43 Confidential Philips Healthcare, November 2013, IQ & physics

System calibration & verification:

– System calibration: 

Establish the parameter values needed for correct operation 

within spec. within the designed calibration framework.

– System verification:

Assure the correct operation by measuring performance 

under typical operating conditions.

44

Confidential Philips Healthcare, November 2013, IQ & physics

– Tube conditioning: 
• tube vacuum, arcing, check if ok

– Tube adaptation
• measure Ie=f(If)@kV and polynome fit

– Detector entrance plane adjustment
• Shutter position in relation to flat detector plane

– 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
• fluo exposure (“10R/min”), correction factor

System calibration; some details:

Note: Geo adjustments not 

mentioned here! 

Tube

Tube / Generator

Collimator

Flat Detector

System Level

45 Confidential Philips Healthcare, November 2013, IQ & physics

System calibration & verification:

– System calibration: 

Establish the parameter values needed for correct operation 

within spec. within the designed calibration framework.

– System verification:

Assure the correct operation by measuring performance 

under typical operating conditions.

46

Technical verification of image quality & dose behavior?

• Not at clinical protocol level

• But rather at technical level

e.g. 

• Functioning of automatic exposure control (AEC)

• Programmed dose levels, dose limitation 

mechanism

• Dose indication accuracy

• Alignment of system

• Technical resolution at system level

• Etc…

kVmin kVmax

mAmin

mA

mAmax

kVpreset/start

Iso-thickness curves 

and stabilisation point

d1

d2 > d1

Confidential Philips Healthcare, November 2013, IQ & physics

• Main:

– System dose behavior

– Monitor behavior

• Additional:

– Dose display

– X-ray alignment

– X-ray tube

– Generator

– Monitor (additional)

• additionally

• manual

• always

• semi- automated

System verification; modular/staged approach:

48



7/28/2018

Verification, Acceptance & Constancy Testing:

49
Confidential Philips Healthcare, Dec.14th 2014, iXR R&D, IQ&Physics dept. 

• 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)

– Lead cover

– Funk 38 linepair phantom

– Star Phantom

– Monitor Testimages (performance and legal) 

– Unfors Xi or X2 meter: Dose(rate); kV; HVL; Light; mAs

1

2 4 3

6 7

98

5

W5 B5 W2.5B2.5

N

W E

S

Confidential Philips Healthcare, November 2013, IQ & physics

System calibration & verification framework:

• Part of several processes:

Part of DHR, annual reporting, acceptance reporting etc… 

Regular system 
assembly 

in manufacturing

Handover 
in field

Maintenance
in field

Operations

Operations / Service org.

Service org.

50
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QA & System Performance

Field ServiceManufacturing

Hospital use

QA 

QA

QA

DHR

reporting

UQCM

performance

image quality

dose

wear out

system status
constancy

system status

constancy

maintenance
system status

wear out

performance

regulatory reporting

Quick check

Confidential Philips Healthcare, November 2013, IQ & physics

Verification:

End-user point of view;

Confidential Philips Healthcare, November 2013, IQ & physics

Source: Tim Wood, Clin. Scient. NHS Trust UK;  “Lecture 9 - Quality assurance”

Quality Assurance in the life cycle:

54

User Quality Control Mode: NEMA XR 27NEMA XR 27NEMA XR 27NEMA XR 27----2012201220122012

NEMA XR 27-2012: 

The essence:

55

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…..

patient and staff dose

56
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Guidance!
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http://rpop.iaea.org 
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Reducing patient dose
- The ALARA principle -
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Reduce number of images Reduce fluoro timePrefer lower fluoro flavorUse collimation

Increase distance tube-patient Lower SID Prefer non steep angles Store fluoro

Confidential Philips Healthcare, November 2013, IQ & physics

Reducing staff dose
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Beside reducing patient dose, 

(Not) the end…

Image Guided Therapy - System, Philips Healthcare61

Thanks for 
your attention!


