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Learning Objectives

1. To learn the concept of DRLs and clinical DRLs
2. Use DRLs to compare patient doses with national benchmarks
3. Use DRLs to optimize CT protocols
4. To learn how the patient repositories can facilitate the establishment of 

DRLs



Outline

• Definition of diagnostic reference level (DRL)
• DRL Resources
• ACR study on adult CT DRLs
• How to use DRLs
• Key take home points



Definition of DRL

• A DRL is an investigational level used to identify unusually high radiation 
doses for common diagnostic medical X-ray imaging procedures. 

• DRLs are suggested action levels above which a facility should review its 
methods and determine if acceptable image quality can be achieved at 
lower doses. 

• The International Commission on Radiological Protection (ICRP) 
emphasizes that DRLs “are not for regulatory or commercial purposes, not 
a dose restraint and not linked to limits or constraints.

• DRLs are a practical tool to promote optimization and were first successfully 
implemented for conventional radiography in the 1980s and subsequently 
developed for other modalities in the 1990s. 



• DRLs are based on standard phantom or patient measurements under 
specific conditions at a number of representative clinical facilities. 

• DRLs have been set at approximately the 75th percentile of measured 
patient or phantom data. This means that procedures performed at 75% of 
the institutions surveyed have exposure levels at or below the DRL. 

• The ICRP also emphasizes that DRLs should not be applied to individual 
patients. 

• To make meaningful comparisons, aggregate facility data collected in the 
same manner that the benchmark DRLs were developed should be 
compared against the DRL.

Definition of DRL



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.



Quantities used to set DRLs
Vassileva and Rehani: AJR 2015; 204:W1–W3



American College of Radiology Practice Parameters

Council-approved 2020
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Process of determining DRL

Example of audit cycle and 
optimisation flow chart 

(fig. from ICRP-135) 



Dose Monitoring software is helpful!

GE,
DOSEWATCH

Bayer,
RADIMETRICS

PACSHealth,
DOSE 

MONITOR

IMALOGIX



• https://www.dicardiology.com/content/radiation-dose-monitoring

Dose Monitoring software is helpful!

https://www.dicardiology.com/content/radiation-dose-monitoring


Dose Monitoring software is helpful!



DRLs using ACR Dose Index Registry (DIR)

• The ACR DIR is 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
• We developed 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



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



DRLs using ACR Dose Index Registry (DIR)

• Data from the 10 most commonly performed adult CT head, neck and body 
examinations from 583 facilities were analyzed

• For head examinations, the lateral thickness was used as an indicator of 
patient size

• For neck and body examinations, water equivalent diameter was used
• Data from 1,310,727 examinations provided median (AD) values, mean, 

25th and 75th (DRL) percentiles for CTDIvol, DLP and SSDE



Results – HEAD



Results – Abdomen/Pelvis without Contrast



DRLs using ACR Dose Index Registry (DIR)



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



What about Pediatric DRLs using DIR data?

• We have just started working on this data
• We will be analyzing 2016-2019 peds CT data from ACR DIR 

(approximately a million exams)
• Will analyze by size and age
• Hope to have this published early in 2021



Take home points

• Understand the definition of DRL and AD
• Be familiar with DRL resources 
• Understand the process of determining DRL
• Dose monitoring software is a useful tool in determining DRL
• Using ACR DIR, CT DRLs have been developed in the USA for adults.
• Development of DRLs will enable facilities to effectively compare their 

patient doses to national benchmarks and more effectively optimize their 
CT protocols for the wide range of patient habitus they examine and thus, 
appropriately reduce dose to patients. 

• PED CT DRL are in the process of being developed from the ACR DIR 
data.



Thank You

• kkanal@uw.edu
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