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Learning objectives

• To understand the concept of DRLs and ADs
• To be aware of DRLs and ADs for the 10 most common pediatric CT 

exams in the USA
• To learn how to use published DRLs to help optimize dose at local level



Outline

• Concept of DRLs and ADs
• ACR CT Dose Index Registry
• Adult DRLs
• Ped DRLs
• How to use?



DRL CONCEPTS

• Diagnostic Reference Level (DRL) – first proposed in 1990 by ICRP, typically set at the 
75th percentile of the dose distribution from a survey conducted across a wide user 
base

• DRLs are investigation levels 
• Not regulations 
• Not legal standards of care
• Do not apply to individual patients

• DRLs identify exams where levels of patient dose are unusually high
• If DRLs consistently exceeded, conduct review of procedures and equipment for 

optimization
• If not optimized, take action to reduce dose

• Overriding clinical objective - achieving acceptable image quality or adequate 
diagnostic information, consistent with the medical imaging task





Achievable Dose (AD)

• ADs can be used with DRLs to assist in optimizing image quality and 
dose.

• ADs are set at approximately the median (50th percentile) of the study 
dose distribution, i.e., half of the facilities are producing images at lower 
doses and half are using higher doses. 

• Further information on ADs is available in the National Council on 
Radiation Protection and Measurements (NCRP) Report 172.



Definition of AD and DRL

• DRLs and ADs are part of the 
optimization process. 

• It is essential to ensure that 
image quality appropriate for 
the diagnostic purpose is 
achieved when changing patient 
doses.

• Optimization must balance 
image quality and patient dose.



American College of Radiology – National Radiology Data Registry

https://nrdr.acr.org/Portal/Nrdr/Main/page.aspx



American College of Radiology (ACR) – CT Dose Index Registry 
(DIR)

https://nrdr.acr.org/Portal/Nrdr/Main/page.aspx



ACR CT Dose Index Registry

• A tool for quality improvement 
so facilities can review dose 
indices and optimize protocols
Collects and compares dose 
index information across 
facilities
Fully automated; uses standard 
methods of data collection and 
processing

CT DIR launched in May 2011



ACR CT Dose Index Registry – REPORT SNAPSHOT

https://nrdrsupport.acr.org/support/solutions/articles/11
000044333-dir-executive-summary-and-qcdr-preview



Develop diagnostic reference levels (DRLs) and achievable doses (ADs) for 
the 10 most common adult CT examinations in the United States as a 

function of patient size using the ACR CT Dose Index Registry



What about PED DRLs?

• We started working on analyzing DIR Data from the 10 commonly performed 
examinations in the US performed between January 2016 and December 2020 on 
patients younger than 18 years

• Median values - CTDIvol, DLP, and SSDE - for each facility by size and by age
• The 50th and 75th percentiles for these median values were then determined
• Head exams were grouped by age only

• Uncertainly in the size estimation due to the inconsistent presence of shoulders 
in the field of view

• SSDE not calculated
• Body examinations were grouped by age and size (effective diameter)
• All analyses were done using SAS software, Version 9.4 (SAS Institute Inc., Cary, 

NC, USA).



PED DRLs - 2021





Adult Head 49       57
Neck 15       20



Adult Abd/pel w/o    13     20
Adult Abd/pel w       13     19







Process of determining DRL

Example of audit cycle and 
optimisation flow chart 

(fig. from ICRP-135) 



How to use this information?



How to use this information?

The lower level of the diagnostic 
reference range is chosen as the 25th 
percentile of the estimated patient 
radiation dose, below which reduced 
image quality may not be diagnostic; the 
upper level is set at the 75th percentile of 
estimated patient dose, above which the
dose may be in excess



Limitations

• DIR uses automated data collection process 
• Clinical images or indication information not submitted
• Exam code mapping is manual process 
• Use of dose reduction techniques not collected in the DIR. 
• ICRP 135 methodology using facility median dose indices to develop DRLs. This 

gives equal weight to each facility irrespective of size and volume.



Advantages

• This work provides DRLs and ADs for the 10 commonly performed CT pediatric
examinations performed in the US from the DIR representing a broad
representation of geography and practice types.

• This is the first time national pediatric DRLs and ADs have been developed as a
function of both patient age and size.

• This will enable facilities to effectively compare their patient dose indices to
national benchmarks and work to optimize their CT protocols resulting in an
appropriate dose for diagnostic purposes.



THANK YOU

• As of 10/27/2021, this work has been published online in Radiology
• https://pubs.rsna.org/doi/10.1148/radiol.2021211241

• ACR press release
• https://www.acr.org/Media-Center/ACR-News-Releases/2021/New-Radiation-

Diagnostic-Reference-Levels-for-Top-10-Pediatric-CT-Exams

• kkanal@uw.edu – my email

https://pubs.rsna.org/doi/10.1148/radiol.2021211241
https://www.acr.org/Media-Center/ACR-News-Releases/2021/New-Radiation-Diagnostic-Reference-Levels-for-Top-10-Pediatric-CT-Exams
mailto:kkanal@uw.edu
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