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Walk down memory lane
Fluoroscopes & QA: 1895-1980
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Learning Objectives

• Review of analog fluoroscopic technology
– Fluoroscopic screen

– ZnCdS Image Intensifier
• Optical viewing

• Analog Video

• Film Acquisition (direct & indirect)

• Review of medical physics QA 
– In context of c 1970 equipment

– Different needs in 2020?
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Early Fluoroscopes

1896
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Gas X-Ray tubes needed continuous QA
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Screen fluoroscopes are simple !

June 2018Not found
June 2018
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Current fluoroscopes are complex

Configuration

Table Side Control Radiation Use Display

The operator is an integral component
of  the system’s many control loops
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Fluoro screens were brightness limited
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Screen fluoro testing

• Beam Confinement
– Regulations required 

visible field edges

• Radiation Measurements
– Dose rate limits

– HVL

• Minimum SSD

• 5 minute fluoro timer
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Image Intensifiers increased brightness

© S. Balter 2018SB1807 – AAPM - 10

Initially small FOV and direct optics
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Viewing means improved over time
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Analog Interventional Systems
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Image Intensifier support technology
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Optical control of dose-rate
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QA needs c 1975
• Generators had open loop controls

– Images stored on direct or indirect photographic film

– Dose rate limits / 5 minute timer

• Minimum HVL
– Filters could and did fall out of collimator

• Beam confinement
– Spot film field size > Image intensifier input size

• Image intensifier
– Known deterioration over time

– Spatial resolution
• Defocusing and gas had strong influences on MTF

• Influence of stray magnetic fields.

– Contrast resolution
• Gas buildup in image intensifier

• Dust, etc. along optical chain

– Automatic dose rate control (optical sensor)
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Reproducibility requirements

1950 1964
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Film - Digital 
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Image intensifiers were unstable
• Photocathode efficiency declines over time

• Optical diaphragms used to set dose rates.
– If full aperture for fluoro, then change II

• Spatial resolution and distortion limits
– Distortion due to changes in environment

– Electronic focus in II

– Optical lenses in output path

• Contrast sensitivity decreases over time
– Internal: gas, defocused electrons.

– External: dirt build up in optical path

– Vingetting in electro/optical path elements
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Image intensifier distortions

© S. Balter 2018SB1807 – AAPM - 20

HVL: Filters did fall out of collimator

Added Filter Slot

Gap between
tube and
collimator

Added Filter Slot
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Stray radiation measurements needed
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AAPM Report 4 (1977)
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AAPM Report 4 (1977) Contents
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Some available tools c late 1970s
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NEMA XR-21 Phantom (2000)

Standard withdrawn 2017
(limited applicability to FP)
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Little has changed 

NYS Guide 2004
– Standard output data

– Exposure rates

– Collimator

– Fluoro 5 min timer

– Half-value-layer

– KV and mA accuracy

– Spatial resolution

– Low contrast

AAPM Report 4 (1977) 
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Little may change 

NYS Guide 2004

• Standard output data

• Fluoro exposure rates
acquisition not mentioned

• Collimator

• Fluoro 5 min timer

• Half-value-layer

• KV and mA accuracy

• Spatial resolution

• Low contrast

NYC Proposal 2017

• Standard output data

• Fluoro exposure rates
acquisition not mentioned

• Collimator

• Fluoro 5 min timer

• Half-value-layer

• KV and mA accuracy

• Spatial resolution

• Low contrast

• Monitor performance

• Radiation protocols
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Regulations do not assure Best Practices !

• Necessary initial testing
– Comprehensive acceptance testing

– Post commissioning testing

• Unnecessary periodic tests
– Half-Value-Layer

– Quantitative scatter measurements

• Missing from most current regulations
– Detector uniformity

– Accuracy of integrated radiation indicators

– Output matrix for the most common procedure

– Protocol review for all (common) procedures 
for each system
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Current and future IEC Standards

Required by current IEC standards in IFU
• Scatter radiation fields

• Outputs under standard test conditions

• Accuracy tolerances (may have regulatory impact)

Expected in future IEC standards
• AAPM TG 190 basis for verifying radiation displays

• NEMA XR-27 implementation – including protocol auditing

• Real time skin dose maps – including calibration protocol

• Tools for reject and repeat analysis

• Physicist level test procedures for use in a hospital
– Associated test tools (may come with system)

– Nominal results of testing
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My timeline review ends when digital fluoro arrives.

• Digital Video

• Digital Image Storage

• Digital Subtraction Angiography

from a Philips slide c 1085


