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Regulation asks to verfy DRLs every 2 years

Italian actions in monitoring patient exposure 
and DRL assessment and use

1980                 1990                 2000                 2010               2020

1985 - Survey 

radiography, 

fluoroscopy  to 

asses population 

dose (FVG 

region)

1994 –

National 

survey on 

radiography 

(FS and CR) 

2016 – Update of 

National DRL from 

national surveys & 

EU guidelines

(Nat. Health Inst,)

2020 – Update of 

National DRL

(Nat. Health Inst, 

Italy)

2000 – National DRL 

(from the set of EC 

DRLs)

2012 –

National 

survey on 

adult CT 

2014– National 

survey on 

paediatric  CT 

2010 –

National 

survey on 

interventional 

radiology

2015– National survey on 

adult CT  using dose 

tracking system (12 hosp)



Dose audits in lack of automatic exposure 
monitoring systems

• Survey for the DRL assessment

– Sampling

– Simple vs complex forms

• Use of the DRLs

R. Padovani - Joint ICTP-IAEA Workshop on DRLs, November 2019 3



Aim of the survey: DRL assessment
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From ICRP 135, 2017

DRL



How to start

• Who? National body, medical physics/radiology 
associations, group of medical physicists, etc. can 
take the initiative to develop a national project

• To remember in developing the project:

– Most of survey experience are seeing a voluntary 
participation of facilities/staff

– Because of this, we have to balance properly the amount 
of work we can request, 

– e.g. too many data to collect can bring to poor data quality, 
missed data
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1st step: Procedure types for the survey

• Number of procedure types as a function of the 
workload we can request to facilities

• 2-4 most frequent procedures per installation type 
(radiography, CT, IR) if:

– it is the first survey in the country

– there is a low awareness of patient exposure 

• Procedure list should include the clinical task 
associated with the procedure (limited clinical tasks 
to include)
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• Clinical indication example 
(Canadian CT survey, 2016)
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Procedure types: how to select

• National data on procedure frequencies can help in 
selecting the most frequent procedure types

Contribution to collective doses of different radiography, fluoroscopy and IR 
examinations in Europe (EC, 2008)
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Sample of facilities for a national survey 

• The sample should cover:

– a representative selection of healthcare providers 
(large/small hospitals, clinics) 

– and, represent all geographical areas
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Example: European Guidelines on Diagnostic Reference Levels for 
Paediatric Imaging (RP no. 185)

• DRLs should be based on national patient dose surveys with a 
representative sample of all radiological institutions in the 
country when available. 

• DRLs based on very limited surveys or on measurements only 
in phantoms, as well as DRLs adopted from international 
recommendations or from other countries, should only be 
used as preliminary values until data from the relevant 
national patient dose surveys are available. 
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Example: Sampling experience in UK

• In stratified sampling (university or general hospital, 
clinics strata) also geographical distribution has to be 
assured

– To compare no. rooms/area with no. examinations/year in 
each area
• We need national/area workload statistics (no. of exams per type 

of examination)

– Problem to consider: not all invited hospitals supply data 
(e.g. those knowing to have high doses, without QA 
programme or without medical physicists)
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NRPB-W14, Doses to Patients from Medical X-ray Examinations in the UK, 2000 Review



Example: Sampling experience in UK

• After the collection of data we can realise that some 
regions are under/over-represented 
(higher % of rooms in the sample)

R. Padovani - Joint ICTP-IAEA Workshop on DRLs, November 2019 12

NRPB-W14, Doses to Patients from Medical X-ray Examinations in the UK, 2000 Review



Example: Sampling experience in UK

• … or, hospital size clusters can be over/under-represented

• In these cases, some data can be removed from the database 
or it should be verified the influence on the DRL value
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Example: Sampling experience in UK
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• “ following experience of previous surveys, a 
sufficient sample is taken to be at least 10 hospitals, 
20 rooms and 100 patients. …..“ (NRPB UK 2005)



To remember: sampling methods

• 5 types of sampling: Random, Systematic, Convenience, 
Cluster, and Stratified.
– Random sampling. Each element in the population has an equal chance 

of occurring

– Systematic sampling. The list of elements is "counted off". That is, 
every kth element is taken. 

– Convenience sampling. In convenience sampling, readily available data is 
used. It is very easy to do, but it's probably the worst technique to use. 
Cluster sampling is accomplished by dividing the population into groups --
clusters. The clusters are randomly selected, and each element in the 
selected clusters are used.

– Stratified sampling divides the population into groups called strata. 
E.g. university hospitals, regional, clinics. A sample is taken from each of 
these strata using either random, systematic, or convenience sampling.
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Sample of facilities for a national survey 
(ICRP 135)

The sample should cover a representative selection of healthcare 
providers and represent all geographical areas

Large country:

• Results from 20–30 facilities are likely to be sufficient in the 
first instance, if a sufficient number of patients from each 
facility are included

Small country (<50 facilities): 

• A survey of 30–50% of the facilities may be sufficient

• Limitation: convenience sampling can affect 
representativeness of the sample
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Sample of facilities for a national survey 
(ICRP 135)

• The initial establishment of national or regional DRL 
values is the first step in a continuing process. 

• Thereafter, surveys will need to be repeated 
periodically to evaluate changes and update DRL 
values

• Subsequent surveys may take the form of:

– collation of measurements made by local medical 
physicists or radiology staff, 

– automated data collection 

– continuing participation in a national registry.
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Patient samples

• Standardisation: usually through weight restriction 

• Adults: typically 50–90 kg to achieve a 70-kg mean, 
or different range fitting the country typical adult 
patient size

• Paediatric: weight bands are recommended:

– <5 kg, 5–<15 kg, 15 –<30 kg, 30 –<50 kg, and 50–< 80 kg.

– If not available, age bands around 0, 1, 5, 10, and 15 years
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Patient samples

• Patients/room/examination type:

– At least 20 for radiography

– At least 30 for CT, fluoroscopy

– At least 50 for mammography (or restriction on breast 
thickness)

– 30 or more for IR, depending on the dose variability

R. Padovani - Joint ICTP-IAEA Workshop on DRLs, November 2019 19



Example: European Guidelines on Diagnostic Reference Levels for 
Paediatric Imaging (RP no. 185): sample of patients

Another recommendation

Sample size:

• Radiography: at least 10 patients per procedure type 
and per patient group 

• CT & fluoroscopy & IR : at least 20 patients per 
procedure type and per patient group
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DRL quantities for radiography, fluoroscopy 
and IR

• DRL quantities:

– Radiography and fluoroscopy : Entrance surface air kerma 
Ka,e , Air kerma area product PKA

– Mammography: Ka,e , Mean glandular dose DG

– IR: PKA, Incident air kerma at the IRP Ka,r , no. images, 
fluoroscopy time

– CT: CTDIvol, DLP (single scan and total)

• Set the DRL with multiple quantities provide a guide 
to good practice, and can simplify the investigation of 
practices at a facility
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• Example: Multiple DRL quantities for DRL in IR 
cardiac procedures
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DRL quantities: accuracy

• Accuracy of measured or computed DRL quantities

– To collect information on:
• Calibration checks of dose indicators (when used)

• Calibration of dosimeters used in the facility to measure radiation 
output, CTDI, etc.

• e.g. for a radiography projection, Ka,e is usually assessed from 
output measurement and patient exposure data are collected 
with a form for each projection

𝐾𝑎,𝑒 = 𝑌(𝑘𝑉𝑝, 𝑑).𝑚𝐴𝑠. (
𝑑

𝐹𝑆𝐷
)2. 𝐵𝑆(𝑘𝑉, 𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛, 𝑏𝑒𝑎𝑚 𝑎𝑟𝑒𝑎)

FSD: focus-skin distance, BS: backscatter factor
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DRL quantities: accuracy

• FROM TRS 457. Typical uncertainties 
for output measurements. 
Relative expanded (k=2) 
uncertainties are from  5.4 to 12.6%. 
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𝐾𝑎,𝑒 = 𝑌(𝑘𝑉𝑝, 𝑑).𝑚𝐴𝑠. (
𝑑

𝐹𝑆𝐷
)2. 𝐵𝑆(𝑘𝑉, 𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛, 𝑏𝑒𝑎𝑚 𝑎𝑟𝑒𝑎)

Propagating the uncertainties: the provided (unaccurate) FSD can increase 

substantially the uncertainty of 𝐾𝑎,𝑒. 

The other quantities can have a little impact on the combined uncertainty.

From the IAEA Code of practice for dosimetry in diagnostic radiology 

(TRS457)



• Example of form to 
collect CTDI dose 
measurements results 
and their accuracy
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Canadian Computed Tomography Survey, National 
Diagnostic Reference Levels, 2016



Uncertainty of the mean and of the median values

• DRL value is based on the distribution of the median values.

• The uncertainty of the mean 
𝑢𝑥𝑚𝑒𝑎𝑛 = ൗҧ𝑥

𝑁

• With N the total number of data points and N=(2n+1), the 
uncertainty of the median

𝑢𝑥𝑚𝑒𝑑𝑖𝑎𝑛 = 𝑢𝑥𝑚𝑒𝑎𝑛 𝜋(2𝑛 + 1)/4𝑛

Valid if outliers are symmetric.

If not (this is the case with patient doses), repeated samples can 
provide an assessment of the uncertainty of the median
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from mathworld.wolfram.com/StatisticalMedian.html

http://mathworld.wolfram.com/StatisticalMedian.html


Forms for patient examination data collection

• Data of a DRL surveys are usually provided on a 
voluntary bases (convenience sampling).

• Forms should be carefully designed taking into 
account staff skills and time requested to fill the form

• Too complex forms can reduce accuracy and 
completeness of data collected

• Play attention: do not require data you will not use or 
analyse

R. Padovani - Joint ICTP-IAEA Workshop on DRLs, November 2019 27



Forms for data collections

• Example of simple form 
for CT exams
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Canadian Computed Tomography Survey, 
National Diagnostic Reference Levels, 2016



Forms for data collections

• Example of simple form for CT exams for this workshop

R. Padovani - Joint ICTP-IAEA Workshop on DRLs, November 2019 29



A more complete and complex form 
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Forms for the 4th UK CT Dose Survey, Medical Dosimetry Group, Public Health England, 2019



Use of DRLs 

• Local surveys of DRL quantities should normally be 
periodically performed.

• In the absence of continuous collection of data:

– about every 3 years, more frequently (annual) for CT and 
interventional procedure (ICRP 135); or according to 
national regulations

• Survey should be part of the regular review and 
optimisation process, part of the QA programme
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Use of DRLs

• Median values of DRL quantities for a specific x-ray 
room should be compared with DRL values to 
identify whether the local median values are 
substantially higher or lower

• In these case, an investigation should be undertaken 
on

– Image quality

– Equipment performance

– Procedure protocol

– Operator skill

– In IR, complexity of procedures
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Survey for optimisation

• In the optimisation process, account must always be 
taken of the diagnostic information required for the 
medical imaging task. 

• The median (the 50th percentile) of the national DRL 
distribution (the Achievable value) represents a first 
target in the optimisation process

– Multiple DRLs and Achievable values are helping in 
identifying reasons of lack of optimisation 
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Conclusions

• The DRL process has been implemented in many 
countries and applied with good results. 

• Common limitations in DRL assessment:

– Voluntary participation to the survey can bring to biased 
DRLs

– Image quality is frequently not assessed; it is frequently 
assumed images are of requested quality 

– Uncertainty of dose indicators, output measurements, 
focus-patient distance (provided for Ka,e assessment), 
breast thickness, etc. should be considered

– Use of median value gives equal weight to each room, 
irrespective of the actual workload
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Conclusions

• Common errors in the local survey for the 
comparison with national DRLs and Achievable 
values:

– Sample of patients of different age/weight class [from 
national one]

– Sample of procedures with different clinical tasks

– Inaccuracy of dose indicators, radiation measurements 

– In IR, sample of procedures of different level of complexity 
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