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Abstract     
Although the Diagnostic Reference Levels (DRLs) have been shown to be an important tool for optimising patient 
radiation protection, there are still difficulties related to the methodology that should be used to establish and 
use local DRL values. This statement represents the current view of the EuroSafe Imaging ‘Clinical DRLs’ working 
group formed with the purpose to produce scientific and educational material on DRLs and promote the concept 
of local DRLs. Guidelines on how to establish and how to use local DRLs presented herein can be implemented 
using a multidisciplinary team approach. Local DRLs are easy to determine and implement and they reflect local 
equipment performance and local clinical needs. They can be updated more frequently than the national DRLs, 
especially if a dose management system is available. To establish local DRLs, a practical approach could be to col-
lect a reasonable set, i.e., at least 20–30 procedures, of data for well-defined clinical indications and calculate the 
3rd quartile values. The median values of the distribution can be set to define the ‘typical values’. The International 
Commission of Radiological Protection (ICRP) suggests setting ‘typical values’ for newer technologies that enable 
decreased amounts of radiation exposure for a similar level of image quality. Local DRLs should be similar or 
lower to the national DRLs. They could be higher only if the clinical benefits for some medical indications are fully 
explained and reported. Local DRLs may be used as a quality benchmark to track outliers and can be also used as 
alert values.

Key points 
•	 Guidelines on how to establish and use local DRLs are presented.
•	 Local DRLs are easy to determine and implement and can be updated frequently
•	 Additionally, local DRLs can be used to track outliers.
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Patient summary
The principle of optimisation is applied to protect 
patients from unnecessary levels of radiation exposure. 
Diagnostic Reference Levels (DRLs) have been recom-
mended as an optimisation tool by the International 
Commission of Radiological Protection. DRLs indicate 
whether the dose to patients from an X-ray procedure 
or the amount of radiopharmaceuticals administered 
for imaging is unusually high or unusually low. They are 
implemented for modalities such as Computed Tomog-
raphy and X-ray mammography and do not apply to indi-
vidual patients.

Introduction
Diagnostic Reference Levels (DRLs) were recommended 
as an optimisation tool by the International Commission 
of Radiological Protection (ICRP) in the early 1990s and 
introduced in the European legislation in 1997. During 
the first years, DRLs were established by a limited num-
ber of countries only for a standard-size adult patient 
and a few anatomical radiography and CT protocols. 
Since then, medical imaging has progressed at a fast 
pace. A vast spectrum of new medical imaging systems 
and techniques have been developed. The awareness 
level concerning patient radiation safety has increased 
considerably. While most examinations are performed 
safely, there are situations where optimisation is lacking. 
DRLs have been shown to be a valuable tool for optimis-
ing patient radiation protection during diagnostic proce-
dures. Dose management systems (DMS) have also been 
launched to aid in the automatic collection and process-
ing of various technical parameters including dose indi-
cators (metrics). Consequently, the number of newly 
published or updated DRLs is growing fast, allowing the 
DRL concept to be further implemented not only in diag-
nostic imaging but also in fluoroscopically-guided inter-
ventional procedures (FGIP).

Nevertheless, there are still issues and difficulties 
related to the methodology that should be used to estab-
lish and use DRL values. Analysis of the EUCLID (Euro-
pean Study on Clinical Diagnostic Reference Levels for 
X-ray Medical Imaging) European Commission (EC) 
project data revealed that CT DRLs vary between centres 
or countries mainly due to different number of phases 
or different scanning lengths [1]. Some studies include 
all phases in the DRLs determination, while others con-
sider only a single phase. Critical information, for exam-
ple, about the examination protocol or the size of the CT 
dose index (CTDI) phantom, that is used to estimate vol-
umetric CTDI, is not always provided. Image quality and 
diagnostic information is not always taken into account 
in DRL determination. Inconsistent terminology used in 
different studies can lead to misinterpretation of results. 

CT DRLs have been established in many countries for 
anatomical locations but rarely for clinical indications, 
which reflect much better the image quality require-
ments. For example, non-contrast CT for ureteral stone 
detection can be performed by using lower doses than 
those used in other abdominal procedures such as CT for 
diagnosis of appendicitis because detection of stones is 
affected less by noise than low-contrast tissues. DRLs in 
Nuclear Medicine have not been determined in a stand-
ardised way [2]. There is a lack of national and regional 
DRLs for FGIP and paediatric imaging examinations. 
Moreover, local DRLs have been established only in a 
few healthcare facilities and are not easily accessible for 
benchmarking. This can be partly attributed to the fact 
that information about the establishment and use of local 
DRLs is limited.

Regulatory requirements and recommendations
The European Union Directive 2013/59/Euratom [3] 
defines DRLs as ”dose levels in medical radiodiagnos-
tic or interventional radiology practices or, in the case 
of radio-pharmaceuticals, levels of activity, for typical 
examinations for groups of standard-sized patients or 
standard phantoms for broadly defined types of equip-
ment”. Article 56 of the 2013 Directive obliges member 
states to establish, review and use DRLs to optimise radi-
ation protection.

The establishment and use of DRLs is also a require-
ment of the international Basic Safety Standards pub-
lished by the International Atomic Energy Agency [4]. 
Requirement 34 on the responsibilities of the govern-
ment specific to medical exposure states that a set of 
DRLs should be established for medical exposures in 
medical imaging, including FGIP considering the need 
for adequate image quality. It is also mentioned that reg-
istrants and licensees shall ensure a review is conducted 
to determine whether corrective action is needed if typi-
cal doses exceed DRLs.

In the context of Council Directive 2013/59/Euratom, 
the EUCLID project investigated the feasibility of estab-
lishing DRLs based on clinical indication [1]. A EUCLID 
survey found that the majority of EU countries have 
DRLs. However, the quantity and utilisation of these 
DRLs vary considerably between countries. EUCLID 
showed that establishing clinical indication based DRLs 
is a task that can be accomplished. Recommendations are 
provided to address issues related to the lack of DRLs or 
the lack of proper use of DRLs.

In a recent publication, the ICRP clarifies terminology 
related to DRLs and provides information on the use of 
DRLs for FGIP and medical imaging examinations per-
formed on paediatric patients [5]. Moreover, it proposes 
changes in the conduct of relevant surveys and stresses 
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the importance of including information on the role of 
DRLs in education and training of healthcare personnel.

The European Guidelines on Diagnostic Reference 
Levels for Paediatric Imaging (PiDRL) project provided 
recommendations on how to establish and use DRLs for 
paediatric X-ray examinations [6]. This guidance sug-
gests physical quantities that are considered feasible as 
DRL quantities for radiography, fluoroscopy, and CT, 
and provides lists of examinations for which paediatric 
DRLs should be determined. According to the PiDRL 
document, the primary focus should be on establishment 
of local DRLs. PiDRL guidelines have been endorsed by 
the leading European professional and scientific socie-
ties in the area of medical X-ray imaging, i.e., the Euro-
pean Society of Radiology (ESR), the European Society of 
Paediatric Radiology (ESPR), the European Federation of 
Radiographer Societies (EFRS) and the European Federa-
tion of Organizations for Medical Physics (EFOMP).

How to establish local DRLs
Local DRLs have been defined by the ICRP “for a defined 
clinical imaging task, based on the 75th percentile value 
of the distribution of the appropriate DRL quantity in 
a reasonable number (e.g., 10–20) of X-ray rooms”. The 
suggested application is for “local use to identify X-ray 
units requiring further optimisation” [5].

It is expected to use the local DRLs when local equip-
ment or techniques have enabled a greater degree of 
optimisation. Table  1 summarises the different types of 
DRLs, methods of derivation, and areas of application 
recommended by ICRP.

However, in clinical practice, the new X-ray equip-
ment or post-processing techniques usually occur (at 
least initially) in only one X-ray room and in addition 
to the use of “typical values” for patient dose indicators, 

it may be useful to calculate the third quartile to be 
considered as a “local DRL” for the clinical procedures 
performed with the new equipment. “Typical value” is 
also used by the ICRP and is defined as “the median 
value of the distribution of the dosimetric quantity 
for a clinical imaging procedure”. ICRP suggests set-
ting “typical values” for newer technologies that enable 
decreased amounts of radiation to be used in achiev-
ing a similar level of image quality. Where no national 
DRL values exist, “local DRLs or typical values” might 
be introduced to assist the optimisation process fur-
ther. It should be emphasised that DRLs should not be 
interpreted as normal dose values since an acceptable 
image quality can be achieved at levels much lower 
than DRLs. The "typical value" can be used as a guide to 
encourage further optimisation in a facility.

The local DRLs may be very useful for other hospitals 
installing the same or similar imaging technology (e.g., 
spectral CT systems or low dose interventional systems) 
to be used for the same clinical indications or clinical 
tasks. Once the new technology is installed in several 
hospitals, a national (or regional) DRL could be proposed 
as the third quartile of the median values of different hos-
pitals (Table 1).

It should be noted that ICRP also states that “flexibility 
is necessary for procedures where few data are available 
(e.g., interventional procedures in paediatric patients), or 
where data are available from only one or a few centres” 
[5].

Local DRLs have been used in the last years to report 
patient dose indicators with small samples (e.g., in paedi-
atrics) [7], according to body metrics (7), after installing 
X-rays systems with new imaging technology, or when 
national DRLs are still not available for some clinical 
indications [9–12].

Table 1  Types of diagnostic reference levels (DRLs), methods of derivation, and areas of application (from ICRP-135 [1])

Term Area and facilities surveyed Value in distribution used to set DRL Application

Typical values Healthcare facility consisting of several X-ray rooms 
or a
small number of facilities or single facilities linked 
to a new technique

Median value of the
distribution, as there are insufficient data to use the 
third quartile

Local use to identify
X-ray units requiring
further optimisation

Local DRL X-ray rooms within a few healthcare facilities (e.g., 
with at least 10–20 X-ray rooms) in
a local area

Third quartile of median values for individual X-ray
rooms

Local use to identify
X-ray units requiring
further optimisation

National DRL Representative selection
of facilities covering an entire
country

Third quartile of median values for individual X-ray
rooms or of national
values

Nationwide to identify X-ray 
facilities where optimisa-
tion is
Needed

Regional DRL Several countries within one continent Median values of
distributions of national values or 75th percentile 
of distribution for representative selection of 
healthcare facilities throughout the region

Countries within
region without a
relevant DRL or for
which national DRL
is higher than regional value
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The PiDRL project [6] recommends establishing local 
DRLs for emerging or increasing new practices, such 
as hybrid imaging when the CT is used for diagnostic 
purposes and paediatric cone-beam CT (CBCT) exam-
inations. It is also suggested to use local DRLs to fol-
low patient dose levels and to find out if there are any 
unexpected changes due to equipment malfunction, 
unauthorised change of the imaging practice or lack of 
sufficient training of new users.

Thus, the practical approach could be to collect a rea-
sonable set (e.g., minimum of 20–30 procedures) of dosi-
metric data for well-defined clinical indications and to 
calculate median and 3rd quartile values. The EUCLID 
project recommends establishment of CT DRLs taking 
into account all phases, since they include information 
of the entire CT examination [1]. The updation of local 
DRLs is not an easy process and takes time. However, 
DMS provide the opportunity of a dynamic approach 
allowing a frequent updation of local DRLs. Median val-
ues would be used as “typical values”, and third quartile 
values as initial “local LDRs” for that imaging clinical 
indication.

Benefits and advantages to use local DRLs

•	 Easy to calculate and implement locally at the hospi-
tals.

•	 Not necessary to wait for updates of national DRLs 
(if they exist).

•	 Possibility to set different values for different technol-
ogies (including different post-processing).

•	 They reflect local equipment performances.
•	 They reflect local clinical needs.
•	 Possibility to set values for more clinical indications 

than for national DRLs.
•	 Local DRLs may be “dynamic” and updated more fre-

quently than the national DRLs.
•	 After optimisation programmes in the hospital (e.g., 

focussed training for some imaging modalities), local 
DRLs can be easily updated.

•	 Comparison of patient dose indicators with local 
DRLs may be easier using DMS.

In most cases, local DRLs should be similar (or lower) 
to the national or regional (e.g., European) DRLs, if they 
exist, for the investigated clinical indications. In excep-
tional cases (with the appropriate justification), local 
DRLs could be higher than national DRLs if the clinical 
benefits for some medical indications are reported.

The term DRL is generally associated with national 
DRLs, which are an obligation in many countries due to 
legal regulations in radiation protection. A strength of 
local DRLs is their applicability to local scenarios, e.g. 

different technologies, different patient characteristics 
and diseases, or procedures for which no national DRLs 
exist. Due to differences in methods of data collection 
and different procedure names, DRLs can differ from 
each other at all levels. The term local DRLs can refer to 
a facility or a group of facilities in the same geographical 
area. The strength of local DRLs has several reasons. In 
most countries national DRLs are established for a lim-
ited number of procedures for all modalities, [13], which, 
however, covers the largest proportion of radiological 
procedures. As it is desirable to have DRLs for as many 
procedures as possible, local DRLs can be set up for all 
procedures, including those without national DRLs. 
Local equipment or techniques have enabled a greater 
degree of optimisation, so that a value below the corre-
sponding national DRL can be implemented [5, 7].

Examples are CT scanners with or without iterative 
reconstruction or deep learning reconstructions. Here 
the DRLs of the different modality classes can signifi-
cantly differ for the same procedure. Local DRLs should 
generally be lower than national DRLs but can in rare 
cases be higher for procedures with high complexity lev-
els or specific patient groups. Establishing and using local 
DRLs for optimisation becomes much easier with DMS 
[14]. DMS automatically provide dosimetric data for each 
modality and type of procedure with 25%, 50%, 75% quar-
tiles and mean and median values. Deviations from local 
DRLs due to technical or human errors can be quickly 
identified. A problem with using local DRLs is, often, the 
different use of procedure names and, therefore, limited 
regional or local comparability.

How to use local DRLs
The European Basic Safety Standards Directive expresses 
the need of protecting the general population from 
avoidable radiation exposure and urges to improve radia-
tion protection in Europe (3). Optimisation follows the 
ALARA (as low as reasonably achievable) principle and 
requires the adequate image quality needed for the medi-
cal imaging procedure. Once the local DRLs have been 
established, their practical use should be included in a 
sustainable and continuous quality assurance program, 
performed by a local optimisation team, including at 
least a radiologist, a medical physicist, and a radiogra-
pher (2,5).

Three levels of use could be considered:

–	 For each clinical indication, local DRLs may be used 
as a quality benchmark to track outliers. Although 
DRLs do not represent dose limits, they could be 
used as alert values based on clinical indication and 
according to patient habitus (BMI) (8) as well as 
reconstruction technology used. An arbitrary alert 
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level, such as twice the median of the local DRL dis-
tribution, can be used to impose a qualitative high 
dose examination justification (5).

A standardised list of justifications may be used to 
enable retrospective data analysis (Table  2). This 
dose alert justification process is also helpful for 
training new team members to the local standards.

–	 Monthly, a simplified report with three performance 
indicators may represent a continuous educational 
tool for local teams [14], including:

•	tracking of unjustified high doses with a retrospec-
tive requirement of justification, enabling a pro-
gressive change management and a prospective 
process improvement,

•	analysing the percentage of non-standardised 
protocols, representative of practice uniformity 
in terms of number of series for the same clinical 
indication or even protocol type. High variabil-
ity represents an opportunity to improve practice 
uniformity among radiologists,

•	 in-depth analysis of every high dose examination 
compared to local DRLs and sometimes national 
DRLs, enabling appropriate investigations and, if 
needed, corrective action when local or national 
DRL values are consistently exceeded. Further 
optimisation should include a review of equip-
ment performance and examination protocols, 
including settings used, procedure protocol, oper-
ator skill, and, for interventional techniques, pro-
cedure complexity.

–	 Periodically, ensure clinical-indication protocol har-
monisation among modalities, re-estimate local DRL 
and optimise/improve practice where needed. If a new 
technology is implemented, re-evaluate local DRLs in 
collaboration with your medical physics expert.

Summary and future perspective
DRLs should be viewed as a dynamic tool that is 
evolving to keep up with technology and clinical 
developments. DMS can play an important role in 
organising data needed for the implementation of 
this tool, allowing a frequent update of local DRLs. 
For the same anatomical region, the image quality 
needed depends on the clinical indication. For this 
reason, transition from anatomical-based DRLs to 
clinical indication-based DRLs is needed for national 
as well as local DRLs. Using local DRLs as a continu-
ous quality improvement tool enables implementing a 
dose reduction culture by guiding radiologists, medi-
cal physicists and radiographers, towards a change of 
practice, to deliver the right dose for the right indi-
cation and achieve excellence in terms of quality and 
safety in medical imaging.
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