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INTRODUCTION



DRL – ICRP 60 (1990)
Introduced as Dose Constraints:

“..Considerations should be given to the use of dose
constraints, or investigation levels, selected by
appropriate or regulatory agency, for application in
some common diagnostic procedures…”



DRL – ICRP 73 (1996)
Introduced the term “diagnostic reference level” 

“.. Dose limits/constraints are not applicable. To use
diagnostic reference levels. A DRL is not a limit and
dose not apply to a single patient…
It is a form of investigation level to identify unusually
high levels, which calls for local review if consistently
exceeded”



DRL – ICRP Guidance (2001) – ICRP 105 (2007)
• For fluoroscopically guided interventional

procedures  to promote the management
of patient doses with regard to avoiding
unnecessary stochastic radiation risks.

• A potential approach  taking into
consideration also the relative ‘complexity’
of the procedure.

• More than one quantity (i.e., multiple
diagnostic reference levels).

• Not for deterministic risks (i.e., radiation
induced skin injuries)



Example – Complexity in IC – 2000
• In therapeutic procedure the severity of the treated pathology influences the

complexity of the procedure and the patient dose



Example – Preliminary DRL in IC – 2003



Example – Preliminary DRL in IR – 2003



Example – IAEA CRP Study – 2006
• More 1000 PTCA procedures analyzed

• Determinants for complexity of procedures identified

• Procedures grouped according to the level of complexity (Complexity Index)

• Reference levels assessed as a function of CI 

PK,A (KAP) vs. Clinical Complexity for PTCA
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ICRP 120 (2013)
• Training in radiological protection should be included

in the quality assurance programme for all staff

• The QA programme should include patient dose
audits (including comparison with diagnostic
reference levels) for fluoroscopy, computed
tomography, and scintigraphy.

• Periodical evaluation of image quality and procedure
protocols should be included in the QA programme.

• The QA programme should establish a trigger level for
individual clinical follow-up

• Patient dose reports should be produced, archived,
and recorded in the patient’s medical record.
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ICRP 135 (2017)
1. Introduction

2. Considerations in conducting surveys to establish 
DRLs

3. Radiography and diagnostic fluoroscopy

4. Interventional procedures

5. Digital radiography, computed tomography, nuclear 
medicine, and multi-modality procedures

6. Paediatrics 

7. Application of DRLs in clinical practice

8. Summary of main point



Definition
• Diagnostic reference level (DRL). A tool used to aid in optimisation of protection in

the medical exposure of patients for diagnostic and interventional procedures. It is
used in medical imaging with ionising radiation to indicate whether, in routine
conditions, the patient dose or administered activity (amount of radioactive material)
from a specified procedure is unusually high or low for that procedure.
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Introduction
• DRLs are most useful for diagnostic imaging examinations, such as chest radiography,

with relatively few procedural variables (NCRP, 2010). They are more challenging to
implement for interventional procedures, where the assumption of a ‘standard’
examination is not valid.



Introduction
• DRLs are most useful for diagnostic imaging examinations, such as chest radiography,

with relatively few procedural variables (NCRP, 2010). They are more challenging to
implement for interventional procedures, where the assumption of a ‘standard’
examination is not valid.

• For fluoroscopically guided interventional
(FGI) procedures the Commission has
stated that, in principle, DRLs could be used
for dose management, but they are difficult
to implement because of the very wide
distribution of patient doses, even for
instances of the same procedure performed
at the same facility.

Liver embolization, Italy, 2011



QUANTITIES



Definition
• DRL quantity. A commonly and easily measured or determined radiation dose

quantity or metric (e.g. PKA, Ka,r) that assesses the amount of ionising radiation used
to perform a medical imaging task. The quantity or quantities selected are those that
are readily available for each type of medical imaging modality and medical imaging
task.



Appropriate quantities
• DRL quantity. A commonly and easily measured or determined radiation dose

quantity or metric (e.g. PKA, Ka,r) that assesses the amount of ionising radiation used
to perform a medical imaging task. The quantity or quantities selected are those that
are readily available for each type of medical imaging modality and medical imaging
task.

1. air kerma-area product (PKA), 

2. cumulative air kerma at the patient entrance reference point (Ka,r), 

3. fluoroscopy time, 

4. and the number of radiographic images (e.g. cine images in cardiology and 
digital subtraction angiography images in vascular procedures).



Reference Air Kerma
• 1 cm above the patient support for

interventional x-ray equipment with the x-

ray source assembly below the patient

support;

• 30 cm above the patient support for

interventional x-ray equipment with the x-

ray source assembly above the patient

support;

• 15 cm from the isocenter in the direction

of the focal spot for c-arm interventional

x-ray equipment



Radiation metrics and effective dose
• Effective dose is not appropriate as a DRL quantity

• Effective dose is not a measurable quantity and does not assess the amount of 
ionising radiation used to perform a medical imaging task

• Its use could introduce extraneous factors (stochastic risk in the average population) 
that are not needed and not pertinent for the purpose of DRLs



PROCEDURES AND METHODS



Definition
• DRL process. The cyclical process of establishing DRL values, using them as a tool for

optimisation, and then determining updated DRL values as tools for further
optimisation).



Implementation of DRLs for IR
• For the most accurate comparisons of dosimetric data among populations undergoing

FGI procedures, it would be desirable to normalise PKA and Ka,r data by
compensating for differences in patient body habitus and weight



Implementation of DRLs for IR
• For the most accurate comparisons of dosimetric data among populations undergoing

FGI procedures, it would be desirable to normalise PKA and Ka,r data by
compensating for differences in patient body habitus and weight

• For interventional procedures, complexity is a determinant of patient dose, and
should ideally be evaluated individually for each case. A multiplying factor for the
DRL may be appropriate for more complex cases of a procedure



Data Sample
• The Commission recommends setting local and national DRL values based on surveys

of the DRL quantities for procedures performed on appropriate samples of patients.
The use of phantoms is not sufficient in most cases



Data Sample
• The Commission recommends setting local and national DRL values based on surveys

of the DRL quantities for procedures performed on appropriate samples of patients.
The use of phantoms is not sufficient in most cases

• A survey for a particular examination in a facility should normally involve collection of
data on DRL quantities for at least 10-20 patients, and preferably 20-30 for diagnostic
fluoroscopy examinations.



Data Sample
• The Commission recommends setting local and national DRL values based on surveys

of the DRL quantities for procedures performed on appropriate samples of patients.
The use of phantoms is not sufficient in most cases

• A survey for a particular examination in a facility should normally involve collection of
data on DRL quantities for at least 10-20 patients, and preferably 20-30 for diagnostic
fluoroscopy examinations.

• If possible, the data from all interventional procedures performed (not just from a
limited sample) should be collated to derive local and national DRLs.



Data Sample
• The Commission recommends setting local and national DRL values based on surveys

of the DRL quantities for procedures performed on appropriate samples of patients.
The use of phantoms is not sufficient in most cases

• A survey for a particular examination in a facility should normally involve collection of
data on DRL quantities for at least 10-20 patients, and preferably 20-30 for diagnostic
fluoroscopy examinations.

• If possible, the data from all interventional procedures performed (not just from a
limited sample) should be collated to derive local and national DRLs.

AUTOMATED COLLECTION



Dose Objects
• Dose Display and Proprietary Report

• DICOM Header

• Modality Performed Procedure Step

• Radiation Dose Structured Report (RDSR)
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Dose Display



Dose Display e Proprietary Report
• Data useful but poor

• Extraction software Optical Character Recognition  create a RDSR

• Open Source

• Dose Utility” - dclunie.com

by David Clunie (PixelMed)

• “Radiance” - radiancedose.com

by Tessa Cook (Hospital of U of Pennsylvania)

• “GROK” – dose-grok.sourceforge.net

by Graham Warden (Brigham and Women's Hospital)

• Others

• “Valkyrie” (considering open source)

by George Shih (Weill-Cornell)

• ACR Triad Site Server (included in ACR participation)

by Mythreyi Chatfield (ACR)



Dose Objects
• Dose Display and Proprietary Report

• DICOM Header

• Modality Performed Procedure Step

• Radiation Dose Structured Report (RDSR)



DICOM Header
• Text file  a lot of information (depending on the 

modality and the manufacturer):

• Patient data

• Procedure data

• Geometry

• Image characteristic

• Estimated dose quantities

• Information encoded in TAGs



DICOM Header
• PRO

- Information stored in the archive



DICOM Header
• PRO

- Information stored in the archive

• CONS

- Information stored together with the image:

- no image – no data;

- often several reconstructions from a single exposure, so need to take care not to add header
information from these non-original exposures

- Information not complete

- Huge amount of data stored



Dose Objects
• Dose Display and Proprietary Report

• DICOM Header

• Modality Performed Procedure Step

• Radiation Dose Structured Report (RDSR)



DICOM MPPS
• MPPS (Modality Performed Procedure Step) is a notification message from the

modality to the RIS/ PACS.

• Again a lot of information included (depending on the modality and the
manufacturer):

- Patient data

- Procedure data

- Geometry

- Image characteristic

- Estimated dose quantities



DICOM MPPS
• PRO

- Information stored independently from the images



DICOM MPPS
• PRO

- Information stored independently from the images

• CONS

- Intended to manage scheduling system

- Limited ability to encode complex data

- Transient message, nor a persistent object

- Not intended to be “stored” or queried no rules



New Supplement

Radiation dose module retired from the MPPS SOP class (2017)

Rationale:
• Module published in 1998 but not widely adopted

• It dose not provide a means of persistently storing nor managing the highly structured radiation
information needed

• REM profile based on RDSR not MPPS



Dose Objects
• Dose Display and Proprietary Report

• DICOM Header

• Modality Performed Procedure Step

• Radiation Dose Structured Report (RDSR)



Radiation dose structured report 
• Developed in 2005 for projection X-ray (Supplement

94)

• Used to convey exposure characteristics and dose
generated by imaging devices (output, geometry,
exposure data,…)

X-Ray System

X-Ray 

Equipment

Patient

X-Ray Data

Radiation

Dose SR

http://www.google.com/imgres?imgurl=http://www.fda.gov/cdrh/annual/fy2000/ohip/radiation.gif&imgrefurl=http://www.fda.gov/cdrh/annual/fy2000/ohip/radhltprogms.html&h=126&w=126&sz=3&tbnid=rZDzUaTqkWMJ:&tbnh=126&tbnw=126&sa=X&oi=image_result&resnum=1&ct=image&cd=1


TID 10001
Projection X-Ray 
radiation Dose

TID 10002
Accumulated

X-Ray Dose Data

TID 10004
Accumulated 
Projection X-Ray Dose

TID 10005
Accumulated 
Mammography X-Ray Dose

TID 10007
Accumulated Integrated
Projection Radiography Dose

TID 10006
Accumulated Cassette based
Projection Radiography Dose

TID 10003a
Irradiation Event
X-Ray Detector Data

TID 10003b
Irradiation Event
X-Ray Source Data

TID 10003c
Irradiation Event
X-Ray Mechanical Data

TID 10003
Irradiation Event
X-Ray Dose Data

XA RDSR – Supplement 94 (2005)  

XA RDSR – CP 687 (2008)  

XA RDSR – CP 1077 (2012)  



Which information can be there?
• Patient info (Name, birth date, height, weight, ….)

• Procedure info (Date and time, type, target region….)

• Source info (kV, mA/mAs, additional filtration, ….)

• Exposure info (KAP, CK, CTDI, DLP, …)



Pros
• Persistent document-like object

• Store to PACS, RIS, XDS, CD media

• Extensible, coded, structured content

• Contains accumulated & per event exposure

• Contains detailed technique description



DRL definition
DRL value. A selected numerical value of a DRL quantity, set at the 75th percentile of
the medians of DRL quantity distributions observed at multiple facilities or in some
specific cases, the 75th percentile of the DRL quantity distributions observed at one or
more local healthcare facilities. Regional DRL values can also be based on the median
values of the available national DRLs.

Median Dose 
Distribution 



Alternative method
• A different method can be applied to characterise and analyse the amount of

radiation used for FGI procedures, without the need for the clinical data (pathology
information, image analysis, and technical and clinical complexity factors) that are
usually difficult to collect (NCRP, 2010)



Alternative method
• A different method can be applied to characterise and analyse the amount of

radiation used for FGI procedures, without the need for the clinical data (pathology
information, image analysis, and technical and clinical complexity factors) that are
usually difficult to collect (NCRP, 2010)

• Information from the full distribution data from all cases (Advisory data set)



Verification
• Median values (not mean values) of the distributions of data collected from a

representative sample of standard-sized patients should be used for comparison to
DRLs.
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Verification
• Median values (not mean values) of the distributions of data collected from a

representative sample of standard-sized patients should be used for comparison to
DRLs.

• A DRL value is considered to be exceeded when the local median value of a DRL
quantity for a representative sample of standard-sized patients is greater than the
local, national, or regional DRL value.

• High radiation doses may reflect poorly functioning equipment or incorrect equipment settings,
suboptimal procedure performance, operator inexperience, or high clinical complexity

• When the facility’s median value of a DRL quantity is lower than the median value of the national
or regional DRL survey distribution, image quality (or diagnostic information, when multiple images
are used) may be adversely affected and should be considered as a priority in the review.



Verification
• Comparison with the relevant DRL values should, when possible, take into account

the level of complexity of the procedures in the sample. When this information is not
available, median, 25th, and 75th percentile values of the facility data should be
compared with the corresponding percentile values of the national ADS



Multiple DRL quantities
• The Commission recommends that data for all suitable DRL quantities that are

available should be tracked for interventional procedures at facilities where these
procedures are performed



DRLs (UK)



DRLs in IR (Image Wisely)

Steven Y. Huang et al., 
Procedure- and Patient-Specific 
Factors Affecting Radiation 
Exposure , 2015



DRLs (Italy)

Livelli diagnostici di riferimento per la radiologia diagnostica ed interventistica, Rapporti ISS 17/33, 2017



European (2018)

Establishing the European diagnostic reference levels for interventional cardiology, T. Siiskonen et al, Physica Medica 54 (2018) 
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Multiple DRL quantities
• The Commission recommends that data for all suitable DRL quantities that are

available should be tracked for interventional procedures at facilities where these
procedures are performed

• It simplifies the evaluation

• if PKA exceeds the DRL value but Ka,r is within an acceptable range, there may be insufficient
attention to collimation

• If the median PKA and/or Ka,r in a particular institution exceeds the corresponding DRL value,
evaluation of fluoroscopy time and the number of acquired images may help to determine whether
these are contributing factors



Actions
• If the median values of the DRL quantities are higher than expected, investigation of 

the fluoroscopic equipment is appropriate. 

• PMMA slab phantom that simulate patients provide an excellent method for evaluating equipment 
performance in terms of Ka,e and air kerma rate. They can provide assessments of radiation levels 
from the different imaging programmes available on the fluoroscope



Actions
• If the median values of the DRL quantities are higher than expected, investigation of 

the fluoroscopic equipment is appropriate. 

• PMMA slab phantom that simulate patients provide an excellent method for evaluating equipment 
performance in terms of Ka,e and air kerma rate. They can provide assessments of radiation levels 
from the different imaging programmes available on the fluoroscope

• If the fluoroscopic equipment is functioning properly and within specification, procedure protocols 
and operator technique should be examined (2nd step)



Local Audits
• The DRL audit process does not stop

after a single assessment

• Repeat after any optimisation, and after an
appropriate time interval.

• Local surveys of DRL quantities, as part
of the clinical audit, should be performed
annually for CT and interventional
procedures.

• If continuous collection through automated
collation of data from electronic databases
even more frequently to identify trends



DRL Revision
• National and regional DRL values should be revised at regular intervals (3-5 years) or 

more frequently when substantial changes in technology, new imaging protocols or 
post-processing of images become available.



RECCOMENDATIONS



ICRP recommendations for IR (summary)
• DRL values shall not be used for individual patients or as trigger (alert or alarm)

levels for individual patients or individual examinations.

• All individuals who have a role in subjecting a patient to a medical imaging procedure
should be familiar with DRLs as a tool for optimisation of protection

• The concept and proper use of DRLs should be included in the education and training programmes
of the health professionals involved in medical imaging with ionising radiation.

• Periodic training sessions to involve interventionists in the radiation safety culture.

• Calibrations of all dosimeters, kerma-area product meters, etc., used for patient
dosimetry should be performed regularly and should be traceable to a primary or
secondary standard laboratory.



ICRP recommendations for IR (summary)
• Comparison of local practices to DRL values is not sufficient, by itself, for

optimisation of protection

• Image quality or, more generally, the diagnostic information provided by the examination
(including the effects of post-processing), must be evaluated as well, and methods to achieve
optimisation should be implemented.

69



ICRP recommendations for IR (summary)
• Hospital Information Systems and Radiology Information Systems can provide data for

large numbers of patients. As with all DRL surveys, the results rely on the accuracy of
data entry.

• The accuracy of DRL quantity data produced by and transferred from x-ray systems should be
periodically verified by a medical physicist.



ICRP recommendations for IR (summary)
• The process to set and update DRLs should be both flexible and dynamic.

• Flexibility is necessary for procedures where few data are available (e.g. interventional procedures
in paediatric patients), or from only one or a few centres.

• A dynamic process is necessary to allow initial DRLs to be derived from these data while waiting for
a wider survey to be conducted.

• When a procedure is not performed on a regular basis in most hospitals, local DRL
values may be determined using the data from a single large hospital with a relevant
workload of procedures (e.g. a specialised paediatric hospital).

• Local DRLs set by a group of radiology departments or even a single facility can play a
role, where effort has already been invested in optimisation. Local DRL values can
also be set for newer technologies that enable lower dose levels to be used in
achieving a similar level of image quality.



ICRP recommendations for IR (summary)
• Priorities when dosimetric values (for groups of patients) are substantially higher 

from DRLs (usually, the first action should be a re-evaluation of the X-ray system and 
the proper use of validated protocols).

• Corrective actions should be implemented without undue delay.


