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What is the “right” dose?

• The one that makes pretty pictures
• The one that the vendor specifies
• The one that you used previously
• The one presented at meetings
• The one that keeps the radiologists happy 

(i.e., they don’t complain)
• The lowest one you can still read
• The one “proven” to provide the required 

diagnostic accuracy
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Diagnostic Reference Levels

• First mentioned by the International Commission 
on Radiological Protection (ICRP) in 1990 
– (ICRP 60)

• Recommended in greater detail in 1996 
– (ICRP 73)
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• DRLs are a form of investigation level used as a 
simple test to identify situations where patient dose is 
unusually high

• Employ an easily measured and standardized quantity 
(not effective dose)

• If consistently exceeded, a local review of procedures 
and equipment should be performed

• If possible, dose reduction measures should be taken

Diagnostic Reference Levels



AAPM 2011 Summit on CT Dose 

• Diagnostic reference levels are supplements to 
professional judgment and do not provide a 
dividing line between good and bad medicine. 

• It is inappropriate to use them for regulatory or 
commercial purposes.

• Apply to medical exposures, not to occupational 
and public exposures. 

• The values should be selected by professional 
medical bodies and reviewed at appropriate 
intervals. 

Diagnostic Reference Levels



In practice, it is simpler to choose an initial Reference 
Level Value as a percentile point on the observed 
distribution of doses in patient exams.

Reference Level
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Reference Level Concept Endorsed by

• European Commission
• U.K. Health Protection Agency
• International Atomic Energy Agency
• National Council on Radiation Protection
• American Association of Physicists in Medicine
• American College of Radiology
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U.K. Experience

• Perform regular national dose surveys
– National Radiation Protection Board (NRPB)

• Demonstrated decreases in typical radiographic doses
– 30% between 1984 and 1995
– 50% between 1985 and 2000

• Reflect equipment improvements and the trend over 
time to reduce dose

• Data points above 75th %tile to be investigated
• Resulting adjustments narrow the dose distribution and 

lower the mean dose
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• DRLs must 
– be defined in terms of an easily and reproducibly measured 

dose metric
– use technique parameters that reflect those used in site’s 

routine clinical practice for average patient size
• Some surveys determine typical technique parameters 

and model dose metric of interest
– Increases uncertainty due to equipment variations

• Radiographic: Entrance Skin Exposure
• Fluoroscopic: Dose Area Product
• CT: CTDIw, CTDIvol, and DLP
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DRLs from Other Countries
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DRLs from Other Countries
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U.S. ACR CT Accreditation Data

• Program initiated in 2002
• CTDIw measurements made for

– Routine adult head (16 cm)
– Pediatric abdomen (typical 5 year old, 16 cm)
– Routine adult abdomen (32 cm)

• CTDIvol calculated using typical scan parameters
• Manual review of CTDI images and reported data 

performed to ensure integrity of database 
(i.e. exclude suspicious data points)



• ACR CTDIw Reference Doses
– Adult Head 60 mGy*
– Adult Abdomen 35 mGy*
– Pediatric (5 yr old) Abdomen 25 mGy

• Originally no pass/fail dose criteria

*European Commission EUR 16262 (2000)
European Guidelines on Quality Criteria for Computed Tomography
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Phantom size affects CTDI values
Same kVp, beam width, pitch
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• Use of smaller phantom and lower reference value 
implies that a reduction in tube output by a factor 
of to 3 - 4 is expected for a 5 y.o. abdomen exam

• Body CTDIvol values displayed on the scanner 
console are supposed to use large CTDI phantom*
• Siemens and Philips – large (32 cm)
• GE, Toshiba and Hitachi – small (16 cm)
• Standards, professional and manufacturer 

organizations are working toward 
harmonization on this important issue

Phantom size affects CTDI values

*IEC 60601-2-44 Ed. 3
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Adult Head
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Adult Abdomen
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Pediatric Abdomen
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ACR CT Accreditation Program
• Established U.S. CT diagnostic reference levels
• Based on CTDIvol to include the effect of pitch
• Reference doses (site given educational information)

– Adult Head 60  75 mGy
– Adult Abdomen 35  25 mGy
– Pediatric (5 yr old) Abdomen 25  20 mGy

• Maximum allowable doses (site fails if exceeded)
– Adult Head 80 mGy
– Adult Abdomen 30 mGy
– Pediatric (5 yr old) Abdomen 25 mGy
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DRLs for Other Exams

• Many more CT exam types exist
• To extend benefits of DRL concept, dose surveys 

required for broader range of exams
• Data sources

– European community
– ACR CTDI registry – CTDIvol / DLP from DICOM header
– Multi-center studies (e.g. Protection I coronary CTA)
– Individual sites/investigators
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• The results of these surveys may extend the value of 
DRLs to the majority of CT applications, enabling 
individual CT users and the community at large to answer 
the question: 

“What CT doses are typical and what doses are too high?”

DRLs for Other Exams
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DRLs vs Dose Notifications and Alerts

• Need tools at the point of care that inform users if 
there is a potential prescription error [FDA]
– For a specific diagnostic task (e.g. routine head)
– “ … inform users when scan settings would likely yield 

values of CTDIvol that would exceed pre-assigned values”

• NEMA XR 25 CT Dose-Check Standard
– http://www.nema.org/stds/xr25.cfm

• Notification value – for a single scan series
• Alert value – cumulative over entire exam

– at a given table position
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AAPM Recommendations

• AAPM Working Group on Standardization of CT 
Nomenclature and Protocols, which includes 
members from the FDA, ACR, and manufacturers, 
established a particular set of notification values

• http://www.aapm.org/pubs/CTProtocols/documents/
NotificationLevelsStatement_2011-04-27.pdf
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Adult exams
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Why are notification values so much 
higher than DRLs?

• DRL values typically represent the 75th percentile from 
a regional or national sample of clinically used dose 
indices for a standard patient size

• Because ~1/3 of US population is obese, use of DRLs as 
notification values would result in notifications 
occurring very frequently, potentially  de-sensitizing 
users and diminishing the potential value of notification 
values in avoiding erroneously high exposures
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AAPM notification values > DRLs

• May allow higher-than-optimal dose settings in 
some cases, but because they will be triggered less 
frequently, the tendency for users to ignore the 
notifications might be reduced

• Children require different notification and alert 
values due to their smaller size
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Pediatric exams
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Specialty exams
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AAPM notification values are starting points

• As facilities gain more experience using the NEMA 
“CT Dose-Check” feature, they are encouraged to 
work with a medical physicist to adjust the values to 
better suit their individual practice

• The AAPM-recommended values do not correspond 
to optimal or “target” settings, are not considered 
acceptable “upper limits” of dose, and do not 
represent diagnostic reference levels
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Thank you


