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Learning objectives

• Understand effects of medically used 
radiation

• Understand concepts of patient dose 
monitoring and audit

• Understand concept of DRLs and the use of 
DRLs for dose monitoring and audit
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Content

nExposure to radiation
nRadiation safety for patients 
nPatient dose monitoring in diagnostic 

radiology
nDRL as tools to optimize the dose
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From the news
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From the news

CA state fined the hospital $25,000, additional lawsuit from family
The child received 2.8-11 Gy radiation dose at different organs. IAEA

Exposure to Medical Radiation

• Occupational Exposure
• Exposure to radiation from work related activities
• Limit applied (20 mSv per year)

• Public Exposure
• Exposure to radiation by members of public
• Limit applied (1 mSv per year)

• Medical Exposure
• Exposure to medical radiation, imaging and therapy
• No limit
• Justification and optimization applied

IAEA
International Atomic Energy Agency
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Use of radiation in medicine
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Diagnostic 
radiology

3.6 billion procedures 
annually* (incl. dental)

Nuclear 
medicine

33.5 million procedures
annually*

Radiotherapy
5.1 million radiotherapy 

treatment courses 
annually*

* UNSCEAR 2008 Report

Global increase of the use of radiation
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More possibilities… more procedures

• More equipment
• More complex equipment
• New technologies and techniques

Single slice CT ðMulti-Detector CT
Film ð Computed & Digital Radiography
Hybrid imaging, PET-CT
Image-guided interventional procedures
Tomosynthesis
PACS, RIS,
IMRT, IGRT
etc…

Access vary around the world
Issues vary around the world
Tailored approaches needed
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What we know

nUNSCEAR (2008) - Life-time risk of dying 
from radiation induced cancer = 5% per 
sievert

nICRP recommends that the risk of fetal 
cancer in population receiving 1 mSv is 
taken to be 5 in 100,000 (0.005%)
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Medical Exposure

Source: WHO
IAEA
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A matter of risk communication

IAEA

Bonn Call for Action (2012)

Action 1: Enhance the implementation of the principle of 
justification
Action 2: Enhance the implementation of the principle of 
optimization of protection and safety
Action 3: Strengthen manufacturers’ role in contributing to 
the overall safety regime
Action 4: Strengthen radiation protection education and 
training of health professionals
Action 5: Shape and promote a strategic research agenda for 
radiation protection in medicine
Action 6: Increase availability of improved global 
information on medical exposures and occupational
exposures in medicine
Action 7: Improve prevention of medical radiation incidents 
and accidents
Action 8: Strengthen radiation safety culture in health care
Action 9: Foster an improved radiation benefit-risk-dialogue
Action 10: Strengthen the implementation of safety 
requirements globally
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Patient dose tracking

M.Rehani and Frush D., Lancet, Vol 376, Sept, 2010

Patient dose tracking

"It's only been two years since the phased
implementation of  centralised patient
radiation exposure tracking in Egypt,
but there's already been a significant
change, especially in referring physicians,
" says Dina El Husseiny of  Egypt's
National Centre for Radiation Research
and Technology.
"Since doctors know that they are being
audited by the Central Directorate
of  Radiology, they are more careful
about the number and type of  
diagnostic imaging procedures they 
write for patients," says El Husseiny.

IAEA

Potential for unlimited exposure

nHigh Level Control (HLC)
nFluoroscopic studies
nAny and all digital imaging

nCR
nDR
nCT
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Typical effective doses from IR

(Stochastic-cancer risk)

Mettler et al., Effective doses in Radiology and Nuclear Medicine, Radiology 2008 IAEA

Potential Effects in Skin
(Deterministic Effects)

Radiographics 1999; 19: 1289-1302

IAEA

Why we pay more attention intervention radiology?

Source: The US FDA

Cumulative dose of 20 
Gy from one 
angiography and two 
angioplasty 

IAEA

If you look closely in your Department…

There were 2 cases of therapeutic cerebral angiography, where the patient entrance dose was
higher than 3 Gy in the frontal view, which reached the deterministic threshold for temporary epilation.
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Typical effective doses from CT

Mettler et al., Effective doses in Radiology and Nuclear Medicine, Radiology 2008 IAEA

Safety concerns in CT

• The US FDA issued FDA public health notification on reducing 
radiation risk from CT for pediatric and small adult patients (Nov 
2001)

• The ACR – children have more rapidly dividing cells than adults and 
have longer life expectancy, the odds that children will develop 
cancers from x-radiation maybe significantly higher than adults

• The US National Research Council’s Committee on the Biological 
Effects of Ionizing Radiation – children less than 10 years of age are 
several times more sensitive to radiation than middle aged adults

• Unnecessary radiation maybe delivered when CT scanner 
parameters are not appropriately adjusted for patient size.

Multi-professional work New Joint Commission Requirements

The restructuring of their radiation safety initiatives 
enhanced current practices around several points:

•Review of CT protocols
•Development of incident management policies and 
procedures
•Procurement of new technologies and software to track 
and monitor radiation dose
•Revision of general workflows and daily practices for 
performing radiology exams
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Signs you may not be prepared:

•Lack of organizational radiation safety committee and 
regular radiation safety meetings
•Radiology exams being performed by unregistered and 
uncertified technologists
•Inability to track patient radiation dose history or exam 
history within patient records
•Outdated and substandard CT protocol use
•No policies or procedures regarding radiation dose 
tracking or incident management

Signs you're on the path to compliance:

•Organized radiation safety committee that conducts regular 
standards reviews

•Open communication with clinical staff regarding radiation 
safety best practices

•Development of a dynamic radiation safety program

•Defined radiation safety incidents and incident 
management policies and procedures

•Exploration of technical solutions to monitor and capture 
patient radiation dose

Signs you are prepared to comply:

•Implementation of a robust and dynamic radiation safety 
program

•Engaged radiation safety committee and physicist who 
regulate radiation safety practices and initiatives on a 
regular basis

•Annual performance evaluations of imaging equipment by 
a medical physicist

•Registration and certification of all radiology technologists

•Updated protocols for all imaging procedures including 
the pediatric population

IAEA
International Atomic Energy Agency

Modern Medicine is Image-centric

Medical
Imaging

O & G

SurgeryTrauma

Oncology

Internal Medicine
KHNg
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Quality assurance

• Diagnostic image quality required with as 
low as dose as possible

• Framework provided by WHO & BSS
• Includes

• Measurement of physical X-ray parameters
• Image quality assessment
• Dose assessment

• BSS requires guidance levels for achievable 
doses

• EU requires diagnostic reference levels
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Two good reasons for dosimetry 
in x-ray diagnostics

• A tool for setting up and control of standards 
of a good practice
• Quantities should be easy to measure

• A tool for estimation of radiation detriment 
and injury
• Quantities should have a direct link to potential 

risk from the exposure
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Two pillars of dosimetry in diagnostics

• Clinical needs
• Correct diagnosis is the main goal of any x-ray 

examination
• Need to protect a patient
• Balancing between necessary dose and quality 

of image (important role of medical physicists)

• International system of measurements
• Mechanism for consistency in radiation 

dosimetry (role of SSDLs)
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Historical problems of dosimetry in x-ray 
diagnostics

• General radiography
• Backscattered radiation included or not?
• Absorbed dose or air kerma?
• Material in which the measured quantity is 

specified (air, PMMA, water, tissue)
• Same symbols used for different quantities 

(ESD)?
• Different names used for the same quantity

• Similar problems occur for other modalities
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IAEA TRS-547

• Published in 2007
• Serves as current 

international code of 
practice on dosimetry in 
diagnostic radiology

• More European protocols 
based

IAEA

BUT

• Patient dose measurement as described mainly aim to 
evaluate or estimate dose at reference point and applied to 
selected standard size patient

• Now we live in Digital Radiography Era

• Number of dose parameters are readily available and even 
be able to be shown on DICOM header

• New approach on patient dose monitoring and auditing, 
digitally and electronically

IAEA
International Atomic Energy Agency

Understanding 
Exposure Index

IAEA

A matter of quantities

Image from Philips
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We have DAP, why not enough?

• DAP does not indicate appropriateness of 
exposure level in individual case

• DAP cannot differentiate Under from Over –
exposed images

• In Plain film, DAP will give upper limit of 
dose in an average sense
• Can be used for comparison purpose, DRL
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What Exposure Index is good for?

• Feed back fro radiographers about appropriate exposure 
level in clinical routine.

• Comparison with prescribed .. Speed class.. For plian
film exams

• Used as quality control tool for medical physicist as dose 
check or constancy check
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Reasons to measure dose

• To assess/quantify the risk of radiation 
damage to both healthy and unhealthy 
tissues

• To establish a “calibration” mechanism for 
the assessment and comparison of 
outcomes/performance for particular 
applications

IAEA

QUANTITIES FOR PATIENT DOSIMETRY

From: Avoidance of radiation injuries from interventional 
procedures. ICRP.
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Monitoring the dose

• Regulatory requirements
• Accreditation requirements 
• Liability and Public Relations 
• Research  
• Quality Assurance 
• Awareness & Patient Safety 
• Individual Patient cumulative dose record

IAEA

Patient dose metrics

• • Dose 
• – Organ Dose (Gy) /Equivalent Dose (Sv) 
• – Effective Dose (Sv) 

• • Dose Surrogates 
• – Cumulative Exposure Time (min) 
• – Entrance Air Kerma (Gy) 
• – Dose Area Product (Gy- cm2) 
• – Cumulative Dose (Gy) 
• – Peak Skin Dose (Gy) 
• – CTDI (Gy) 
• – Dose Length Product (Gy-cm)
• – Size Specific Dose Estimate (Gy)
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Individual Patient Dose Measurement 

• • Measurement of Patient Dose –Difficult   
– Dosimeters 
– Computational Predictions 

• Dose Surrogates 
– Easier to obtain  
– Easier measurement 
– Difficult interpretation for radiation 

detriment 
– Not uniformly defined or applied 

• Depend on biological endpoint IAEA

Dedicated dose tracking software

• Integrate dose metrics from imaging 
systems or PACS

• typical formats: DICOM RDSR preferred 
• Integrate with PACS, RIS, EMR 
• Analysis capabilities 
• Selection of Reference Doses 
• Automated notification 
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Examples of Dedicated Dose Tracking Systems 

• DoseMonitor (PACS Health) 

• DoseTrack (Sectra) 

• DoseWatch (GE) 

• RADAR360 (MedPhys360)

• Radimetrics (Bayer)

IAEA

Example – Radimetrics

IAEA
International Atomic Energy Agency

Introduction and determination 
of appropriate DRLs
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Definition of DRLs

• For first time definition of DRLs using the 3rd quartile of doses is recommended 
(ICRP, BSS)

• Institutions applying constantly average doses that exceed these, with which 
75% of all institutions produce images (conduct interventions) and regard image 
quality appropriate for diagnostic confidence (interventional outcome), can be 
regarded as using unusually high doses

• à Image quality is not an issue in this approach!!

• à normally optimum dose values will be considerably lower than DRLs 
(although this depends on the histograms)
• can be judged by looking at inter-quartile ranges, e.g.

• When updating DRLs, application of 3rd quartiles may not be appropriate (at 
some stage, review of clinical image quality and optimization potential may be a 
good idea. As before, dose histograms can provide some insight).
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How to derive reference levels

• DRLs are provided by
• IAEA (BSS – old)
• ICRP (102 for CT, e.g.)
• European guidelines and publications (Radiation protection 109, e.g.)
• National recommendations and regulations (NRPB and others)

• However, these DRLs may not necessarily be appropriate for all 
member states since
• Diagnostic procedures may be differently defined (example: abdomen CT 

may be abdomen plus pelvis)
• Available hardware and expertise may be different (different radiological 

devices or procedures may involve different dose levels)

• à differences in DRL values between regions/member states
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Example of variation in DRLs 
between member states

Austrian 
DRL

German 
DRL

(PKA in 
µGym²)

(PKA in 
µGym²)

Newborns 6
1 year 9 25
5 years 20 50
10 years 50 60
15 years 70

Abdomen x-
ray

Since doses found in a
dosimetric survey were
lower, no need to adopt the
higher existing ones was 
seen
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DRL values - GR

Examination Entrance surface Air Kerma(Ke) per radiograph 
[mGy] 

 
Guidence 

level (IAEA) Germany 
2003 

EU 
RadProt.109 

Spain UK 
2002 

 
Austria 

Abdomen ap 10 10  10 6 8 

Pelvis ap 10 10 10 10 4 6 

Chest pa 0,4 0,3 0,3 0,3 0,2 0,3 

Chest lat 1,5 1,5 1,5 1,5 1,0 1,2 

Lumbar spine ap 10 10 10 10 6 10 

Lumbar Spine lat 30 30 30 30 14 16 

Skull ap/pa 5 5,0 5,0 5,0 3,0 4 

Skull lat 3 3,0 3,0 3,0 1,5 3 
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Reference levels for CT 
examinations

• Can be expressed in different quantities, like 
CW(CTDIw), CVOL(CTDIvol), PKL,CT(DLP)

• Should represent hole examination
• Preferably DLP (includes dose from bolus 

tracking, accounts for number of phases, 
scan lengths, etc.)
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Fluoroscopy

• Reference levels should be an integral dose 
quantity representing the whole examination

• Well suited: PKA, including fluoro and images taken
• PKA can be measured or calculated from generator 

data and collimation
• May be accompanied by dose rate values (incident 

air kerma rate)
• Incident air kerma rates should be specified on phantoms rather 

than patients
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Paediatric reference values

• DRLs need to be defined for different groups
• By size (height, weight): better correlation, but hard to apply
• By age: easier to use in clinical practise, and therefore 

recommended
• Age bands: variation of dose within clinics is larger than between 

smaller and older children à children grouped into age bands, 
average doses are then compared to dose reference corresponding 
to upper limit of the age band (e.g., 5 to 10 year olds to guidance 
level corresponding to a typical 10 year old, etc.)

• Typically age bands: newborns, 0-1 year, 1 to 5, 5 to 10, 10 
to 15
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Guidance (or reference) levels 
Practical aspects
• Still, a sound diagnosis is the first priority. 

Nevertheless, pronounced and frequent exceeding 
of reference levels indicates that with the 
equipment or procedure something is wrong

• DRL should always be applied in parallel to image 
quality evaluation (appropriate information for 
diagnosis shall be obtained)
• Note: this is not in contradiction to the assumption that 

for defining reference values, image quality need not be 
an issue 

IAEA
International Atomic Energy Agency

Issues under discussion

Open and controversial issues
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Is it appropriate to use DRLs for regulatory  
purposes? 

• ICRP 73: “Diagnostic reference levels are supplements to professional judgement and do not provide a 
dividing line between good and bad medicine. It is inappropriate to use them for regulatory or 
commercial purposes”

• ICRP 103: “Dose constraints for patients are therefore inappropriate, in contrast to their importance in 
occupational and public exposure. Nevertheless, some management of patient exposure is needed 
and the use of diagnostic reference levels is recommended in Publication 73 with further guidance in 
Supporting Guidance 2”

• The latter states:
• The purpose is advisory . . . diagnostic reference levels are not for regulatory or commercial purposes, 

not a dose constraint, and not linked to limits or constraints.  

• Euratom 97/43: “Member States shall ensure that appropriate local reviews are undertaken whenever 
diagnostic reference levels are consistently exceeded and that corrective actions are taken where 
appropriate”

• àAuthority shall ensure corrective action is taken where appropriate à legislation à

• European radiation safety regulations usually require users of medical x-ray equipment to demonstrate 
that DRLs are on average not exceeded on regular basis for standard patients

• à this is “regulatory use of DRLs” – but not as constraints or limits
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DRLs for different technologies

• Is it appropriate to define different DRLs for different 
technologies used for the same examination?
• Pro: as long as different technologies are in use and are known to 

require different dose levels for appropriate image quality, each 
should be optimized

• Con: if a technology cannot comply with DRLs it should not be used
• Pro: setting DRLs to 75th percentile from a survey not differentiating 

between these technologies may result in image quality reduction 
below diagnostic requirements for the technology with higher dose 
requirements and be counterproductive

• Very careful consideration of possible impact advised, 
necessary to take socio-economic factors into account
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Reference levels for infrequently 
performed examinations and procedures

• Most important example: children
• Pro: No carte blanche to be issued if a centre performs some examinations 

infrequently
• Pro: typical dose levels for all – including the infrequent procedures – should be 

determined and compared to typical doses used by others
• Con: difficult to get enough data for both – definition of reference levels and 

patients for checking compliance with reference levels
• Especially a problem in examinations/procedures where patient to patient variations 

are high, as in fluoroscopy
• Con: some infrequently performed procedures may be difficult to standardize 
• Con: checking doses for the most common examinations may be regarded 

sufficient assuming that institutions applying good radiographic techniques 
associated with low or appropriate dose will do so also for the less frequently 
performed examinations (within the same modality)
• This cannot be assumed in case if paediatric radiography. Institutions using 

optimized protocols for adult radiography may still be using extremely high doses for 
children 
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To conclude…

• Comparisons with DRLs at national & local level can be very useful in 
assessing patient doses & indicating areas for optimization

• Comparing doses with DRLs necessitates users know their doses 
• This is very important, because practice has shown that the most often encountered 

situation where unusually high doses are used, is that the user has no idea about the 
dose applied à knowing is the 1st step towards optimization

• Be aware of uncertainties in the data (& in the DRLs)
• If only few patients’ exposure data are available to compare to DRLs you may 

need to check if these patients are really “standard patients” with respect to size 
(and complexity of procedure for interventional radiology)

• Look at recorded technique data for indication of why doses are high (or low!)

• Be prepared to check methodology & assumptions
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Credit

• This presentation is directly taken from available files on the IAEA server. Credit goes to the 
following persons;

• Claire-Louise Chapple
• Donald McLean
• Peter Homolka

Dose is the currency in which diagnostic information in x-
ray imaging is paid for. Optimization means getting a 

good deal.
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In Summary

• Diagnostic dose ranges between 0.2-20 mSv
• High dose procedures include interventional radiology 

and CT
• Dose optimization is needed to reduce stochastic risks 

of radiation
• Dose from investigations that reach deterministic 

threshold must be monitored
• Justification and Optimization are the “MUST” for 

diagnostic radiology – this needs multi-disciplinary 
collaborative work

• Dose tracking and monitoring are tools for 
optmization
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