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Eisenberg RL. Radiology: An Illustrated History 1992 Mosby—Year Book
http://www.nytimes.com/2010/08/01/health/01radiation.html?_r=4&ref=health&pagewanted=all

http://www.nytimes.com/2009/10/16/us/16radiation.html



2006: Nearly 50% of U.S. annual exposure 
was from medical sources



– Radiography 86%
– CT 9.5%
– Fluoroscopy 3%
– Nuclear imaging 1%
– Interventional procedures 0.5%

Ionizing radiation procedures account for the majority 
of pediatric imaging examinations

…but CT accounts for 84% 
of U.S. per capital medical 
radiation dose in children

Relative percentages of ionizing radiation 
examinations performed across the age range up 
to 18 yrs:



Annual individual (per capita) effective dose 
from diagnostic and interventional medical 

procedures was estimated to have been 
- 2.9 mSv in 2006 
- 2.3 mSv in 2016: 20% decrease

Estimated average annual individual ED in U.S. from diagnostic and 
interventional patient radiation exposures (mSv) (from NCRP)



What is (May be) Monitored?
Radiation Dose Indices1

All: 
- number/type of examinations
- effective dose

Radiography : Kar Pka,EI, DI (AGD mammography) 
Fluoroscopy : time, Kar Pka
CT : CTDIvol, DLP, SSDE
Nuclear Medicine : administered activity

1file:///C:/Users/frush943/Downloads/Gress-2017-Aapm------------medical-physics-pra.pdf  
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https://www.itnonline.com/chart/radiation-dose-management

Medical Imaging Radiation 
Monitoring Products
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Please don’t



In July 2015, TJC mandated that:

1. “The [hospital/practice] documents the radiation dose 
(CTDIvol or DLP) on every study produced during a 
computed tomography (CT) examination. The radiation dose 
must be exam specific, summarized by series or anatomic 
area, and documented in a retrievable format.”, and 

2. “The [hospital/practice] reviews and analyzes incidents 
where the radiation dose (CTDIvol or DLP) emitted by the 
computed tomography (CT) imaging system during 
diagnostic CT exams exceeded expected dose ranges 
identified in imaging protocols.”

1. Retrievable format

2. Review exams exceeding expected ranges

3. Compare doses to benchmarks

4. Radiation safety designee



… “updated the interpretive 
guidelines for the hospital Conditions 
of Participation (CoPs) for the below 
to reflect current accepted standards 

of practice”

CT: pages 58-64



Volume 262: Number 2—February 2012



Regulatory oversight… and
• Advances in what (imaging technology)

– Including artificial intelligence

• Advances in how (application) 
– e.g. limiting multiphase exams 

• Advances in when (justification)
– e.g. clinical decision support (NDSL CareSelect Imaging™)

Principles of Radiation 
Protection
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• Monitoring technology and programs that provide value
– represent voices from multiple stakeholders 
– generic metrology, efficient, adaptable (avoid data-drowning)
– beyond current dose indices: organ dose? risk? quality…  

• Defining what that value is (how do we use this?)
– including benchmarks
– in context to current understanding of risk
– promoting benefit of imaging

Coming Together
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U.S. CT Diagnostic Reference Levels
Radiology 2017 Radiology 2021



Benchmarks: DRLs
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EUCLID: pursue 
indication-based DRLs

Goske et al 
Radiology 2013 (268) 
Diagnostic Reference Ranges 
For Pediatric Abdominal CT

“The concept of DRRs addresses the 
balance between the patient’s risk 

(radiation dose) and benefit 
(diagnostic image quality).”



Appendicitis: Simulated Dose (mA) Reduction

There is a “Too Low…”

Original 50% mA Reduction 75% mA Reduction
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“DRLs have reached a stage where 
there is an evident need

of introducing image quality 
evaluation process linked to dose

evaluation as both go hand-in-hand”

Monitoring Beyond Dose

“… there remains a need to optimize CT 
protocols by considering both image quality 
and radiation dose levels … In my opinion, 

such image quality metrics must be 
quantitative and not subjective.”



Competitive Landscape 2019

Product name Data 
Access

Data
Integrity

Analysis 
Used

Metrics and Informatics

Dose
Quantitative 

Quality 
Assessment

Bayar Radimetrics Yes Limited Basic Basic  None
GE DoseWatch Yes Limited Basic Basic None
Imalogix Yes Limited Basic Basic None
DoseM Yes Limited Basic Basic None
NovaDose Yes Limited Basic Basic None
DoseMonitor Yes Limited Basic Basic None
DoseTrack Yes Limited Basic Basic None

Leading market radiation dose monitoring products focus on dose 
and basic analytics ONLY: NOT QUALITY (

Courtesy Ehsan Samei



Chest CT Noise Dose Resolution
Size Range (cm) NRL NRR DoRL DoRR RRL RRR
21-25 10.8 7.6 3.3 2.1 0.46 0.06
25-29 9.8 6.8 5.2 2.5 0.47 0.06
29-33 10.2 5.7 7.7 3.7 0.48 0.08
33-37 10.5 6.4 11.1 7.3 0.48 0.10
37-41 10.6 7.6 15.0 12.4 0.47 0.10

Abd-Pelvis CT Noise Dose Resolution
Size Range (cm) NRL NRR DoRL DoRR RRL RRR
21-25 6.9 2.1 5.3 1.6 0.46 0.08
25-29 7.7 2.4 6.7 2.5 0.46 0.09
29-33 8.2 2.7 8.8 3.6 0.46 0.10
33-37 8.4 3.3 11.8 5.0 0.46 0.11
37-41 8.0 3.9 14.7 8.0 0.45 0.12

Noise, dose, resolution reference levels and ranges:
L = median; R = Range 25% - 75%

Smith et al, JMI 2021 true CT diagnosis reference is dose + quality



https://www.iaea.org/sites/default/files/position_statement_final_endorsed.pdf
https://www.aapm.org/org/policies/documents/EffectiveDose_FAQ.pdf

Recurrent Imaging and Cumulative Effective 
Dose (CED): Generating Dialogue

Contemporary issues in radiation protection in medical imaging: BJR Sept 2021
https://www.birpublications.org/toc/bjr/current

https://www.iaea.org/sites/default/files/position_statement_final_endorsed.pdf
https://www.aapm.org/org/policies/documents/EffectiveDose_FAQ.pdf
https://urldefense.com/v3/__https:/www.birpublications.org/toc/bjr/current__;!!OToaGQ!6C5N95UtYnL2tOMiryZBxa6ncZA5LusSBwL1fapyyl37_Rp12pPNQUugo4m2BdovdWI$


• General threshold discussed is > 100 mSv
• Recent reports in adults vary:

• “0.6–3.4%”
• “Up to 1.9%”
• “0.5%”

• Children:
• “0-0.08%”

• In adults and children, oncology population most often
• In children, migration of imaging to MR and US
• “Bang for the buck”?

Recurrent Imaging and CED1

1 Br J Radiol 2021; 94: 20210478



• What above and beyond current RP requirements and 
recommendations?

• Investment in designing guidelines for situations where 
recurrent imaging is likely: beyond current justification?

• Use at the individual patient point of care? 
“There is no simple or uniformly applicable approach to these 

challenging and often nuanced clinical decisions. The 
complexity and variability of the underlying disease states and 

trajectories argues against alerting mechanisms based on a 
simple cumulative dose threshold. 

Awareness of imaging history may [encourage] physicians and 
patients to … identify those populations of frequent flyers that 

might benefit from alternative imaging strategies.”

Recurrent Imaging and CED and 



• U.S. doses have fallen
• Monitoring impact: attribution?
• Opportunities and challenges 

with how to do this, avoiding…

https://postermuseum.com/collections/rock-
music/products/the-beatles-abbey-road-crossing-753

He say, "one and 
one and one is 

three"
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