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Abstract
Dose management systems (DMS) are an essential tool for quality assurance and optimising patient radiation
exposure. For radiologists and medical physicists, they are important for managing many radiation protection tasks. In
addition, they help fulfil the requirements of Directive 2013/59/EURATOM regarding the electronic transmission of
dosimetric data and the detection of unintended patient exposures. The EuroSafe Imaging Clinical Dosimetry and
Dose Management Working Group launched a questionnaire on the use of DMS in European member states and
analysed the results in terms of modalities, frequency of radiological procedures, involvement of medical physics
experts (MPEs), legal requirements, and local issues (support by information technology (IT), modality interfaces,
protocol mapping, clinical workflow, and associated costs).

Critical relevance statement Despite the great advantages of dose management systems for optimising radiation
protection, distribution remains insufficient. This questionnaire shows that reasons include: a lack of DICOM interfaces,
insufficient harmonisation of procedure names, lack of medical physicist and IT support, and costs.

Key Points
● Quantitative radiation dose information is essential for justification and optimisation in medical imaging.
● Guidelines are required to ensure radiation dose management systems quality and for acceptance testing.
● Verifying dose data management is crucial before dose management systems clinical implementation.
● Medical physics experts are professionals who have important responsibilities for the proper management of dose
monitoring.
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Graphical Abstract

DDose Management Systems (DMS) are an 
essential tool for quality assurance and 
optimising patient radiation exposure.
An implementation of DMS shows a great
dependency on which European region
the institution is in, the size of the
institution, the number of examinations, 
and the support from medical physics
experts and IT. Major challenges include: 
the mapping of protocol names, interface 
problems, and integration into clinical
workflow. 
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Introduction
The collection, processing, and evaluation of exposure
data from medical procedures involving ionising radiation
is an essential part of medical radiation protection. This
information is important in many ways, including the
safety of patients, optimisation of procedures, establishing
of local and national diagnostic reference levels (DRLs),
detecting of unintended patient exposures, and radiation
protection in the context of medical research involving
ionising radiation. Other aspects include replacing man-
ual dose recording, dose documentation, dose reporting,
tracking, and analysing large exposure databases. Fol-
lowing the recommendations of the EuroSafe Imaging
Steering Committee, two working groups (WG) were
established. One on the topic “dosimetry for imaging in
clinical practice” and one on the topic “dose management
systems (DMS)”. The results and recommendations of
both working groups are intended, among other things, to
help EU Member States (EU-MS) implement and har-
monise Directive 2013/59/EURATOM (EU-BSS) [1] on
essential radiation safety standards. Both working groups
produced several publications and scientific posters on
collecting and processing clinical dosimetric data and
DMS [2–4]. In addition, the results of a survey in EU-MS
on the scope and difficulties in implementing the EU-BSS

were published [5]. In 2022, both WGs were merged into
a joint WG on Clinical Dosimetry and Dose Management.
The new WG’s first aim was to create a questionnaire to
evaluate the spread of DMS installations among EU-MS
and associated difficulties with modality interfaces, staff
qualifications, financial resources, and national
regulations.
The International Atomic Energy Agency (IAEA) pub-

lished many aspects of medical exposure monitoring in the
comprehensive “Safety Reports Series 112: Patient Radia-
tion Exposure Monitoring in Medical Imaging” without
focusing on implementation and difficulties with DMS [6].
There is consensus (also between the WG and IAEA)

that modality-related dosimetric parameters should be
used to assess patient exposure [2, 6, 7]. The most rele-
vant radiological parameters, quantities, and units are:

● Kerma area product for Radiography, dental
radiography, and cone beam CT PKA (mGy·cm2)

● Kerma area product for Fluoroscopic procedures
PKA (Gy·cm2)

● Air kerma at the patient entrance reference point for
fluoroscopic procedures Ka,r (mGy)

● Volume CT air kerma index for Computed
Tomography CTDIvol (mGy)
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● Air kerma length product for computed tomography
dose length product (mGy·cm)

● Average glandular dose in Mammography AGD (mGy)

The DICOM (Digital Imaging and Communications in
Medicine) standard was established worldwide for the
electronic transfer of images and dosimetric data. DICOM
images contain only exposure data of single images in their
headers, but a procedure’s cumulative exposure is missing.
In particular, the exposure of fluoroscopic procedures
without exposed single images or series needs to be inclu-
ded. The DICOM Radiation Dose Structured Report (RDSR)
contains a list and sum of all exposures of an individual
procedure, which fulfils an important function here. In
multislice CT, RDSR includes the dose contribution of
overbeaming and over-ranging outside a series of recon-
structed images. All modalities transfer their DICOM dosi-
metric data to one or multiple destinations like radiology
information system (RIS), picture archiving and commu-
nication system (PACS), or a DMS. In addition, some DMS
manufacturers also calculate effective doses or organ doses
for individual patients. These calculations should be eval-
uated with caution as they may involve large uncertainties.
The ICRP, therefore, does not recommend using the effec-
tive dose for individual patient examinations [8, 9]. The
effective dose is used to assess the risk of occupational
exposure, for unintentional exposure of patients and preg-
nant women, and for dose comparison of procedures with
different dose units, e.g., radiology and nuclear medicine or
CT and radiography. The aim of the WG, with this survey
among European Society of Radiology (ESR) members in
European Union (EU) member states, was to gain an over-
view of the implementation and associated difficulties in
planning and using DMS.

Dose management systems (DMS)
Dose management systems (DMS) were introduced to the
market more than ten years ago and in the meantime have
become more widespread, particularly in larger radi-
ological facilities. They are an essential tool for quality
assurance and optimising patient radiation exposure. For
radiologists and medical physicists, they are an important
tool for managing many radiation protection tasks. In
particular, the requirements of the EU BSS [1] about the
electronic transmission of dosimetric data (EU-BSS Art.
60, 3. (c)) and the detection of unintended patient expo-
sures (EU-BSS Art. 63 (b)) [1, 4] have contributed sig-
nificantly to the spread of DMS in Europe. However,
it turns out that the frequency of successful DMS instal-
lations depends on various factors. Among other things,
these are national legal requirements, suitable interfaces
to the modalities, harmonised examination protocols, the
size of departments, the integration into existing IT

infrastructure, and in particular, the availability and
involvement of medical physicists (medical physics
experts, MPEs). The complexity of a successful imple-
mentation depends on the modality used. Fortunately, this
is easiest for CT with the highest collective population
exposure. All CT systems provide reliable interfaces with
DICOM image data with dose information, and many
systems provide a standardised RDSR [10, 11]. In 2022,
the EuroSafe Imaging Clinical Dosimetry and Dose
Management WG launched a questionnaire on the
implementation, use, and difficulties of implementing a
DMS among EuroSafe Imaging Stars (IS) in European
Member States and other individual members of the ESR.
The analysis of answers in this publication shows con-
siderable heterogeneity about the parameters mentioned
and a bias about the frequency of answers from DMS
users and DMS-non-users.

Methods
The questionnaire was coordinated in the WG with
regard to the number and details of the questions and was
created using the SurveyMonkey tool. Each question
allowed between 4 and 7 multiple choice answers, some
included additional free text. Table 1 shows the 16
questions (with minor modifications for better
readability).
The questionnaire was sent to a random selection of

five ESR members per country (244), as well as all IS
facilities (128). In summary, the questionnaire was sent
to a total of 372 recipients. After the initial call before
the European Congress of Radiology (ECR) 2022 and a
reminder after ECR 2022, 60 replies (16%) were received,
and 56 responses could be evaluated without missing
data. The questionnaire contained yes/no questions,
multiple choice questions, and questions with free text
answers. The analysis, conclusions, and recommenda-
tions of this EuroSafe Imaging [12] questionnaire shall
help operators of X-ray modality optimise patients’
radiation exposure and implement the EU-BSS require-
ments [1, 2, 4].

Results
Where did the answers come from?
Figure 1 shows the relative frequency of replies from 26
different countries, with the highest participation from Italy.
The answers showed clear differences in the analysis of
individual subgroups, and a bias in the frequency of
responses from IS compared to non-imaging stars (NIS).
Regarding geographical location, 62% of DMS users came
from Western European countries, while 38% were from
Eastern European countries. 38/56 (68%) answers came
from IS, but only 18/56 (32%) from NIS. The results
regarding the geographical region and the “Imaging Stars”
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certificate are not surprising. It can be assumed that fewer
DMS are installed in Eastern Europe than in Western Eur-
ope, and facilities that have acquired an IS certificate are
more likely to operate a DMS and respond more frequently.
Overall, this is an unavoidable bias in the survey that a DMS
user is more likely to answer than a non-user.

Who answered the questionnaire?
For IS facilities, 51% of responses came from MPEs and
26% from radiologists. For NIS facilities, 16% of
responses came from MPEs and 72% from radiologists.
This clearly shows that IS have higher availability and
involvement of MPEs. 82% of IS use a DMS, but only

Table 1 List of the 16 Survey Monkey questions without multiple-choice answer checkboxes and free text fields

1. Country of workplace

2. Your role in the facility?

3. Number of radiological procedures/year with ionising radiation, including interventions

4. Number of modalities in your facility

5. If you don’t use a DMS, what are the main reasons?

6. Number of modalities sending dosimetric DICOM data to your DMS

7. Main difficulties and expenditure of personnel or time when installing a DMS

8. Does your facility provide dosimetric information about individual patient exposure to users, referrers, or patients?

9. Are you reporting individual patient exposures in values and units reported by the modalities?

10. Do you think reporting of individual patient exposures to destinations could be solved with a DMS?

11. Are you or your facility following the specific recommendation: “If an accidental or unintended individual patient exposure is suspected, the dose

parameters (based on physical quantities) should be recorded, analysed, and a report prepared for the required committee or authority”?

12. Do you think managing unintended exposures could be solved with a DMS?

13. In your facility, do you compare patient exposures with national and/or local diagnostic reference levels (DRL), e.g., at periodic intervals or after

changes in an X-ray modality or imaging protocols?

14. Do you think comparing patient exposures should be solved with a DMS?

15. Do you feel setting up local and/or clinical DRLs could be solved with a DMS?

16. Could you list the main problems identified in your facility to fulfil the European Directive 2013/59/EURATOM during the implementation period?

Fig. 1 Relative frequency of questionnaire responses from different countries
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28% of NIS. Most DMS users reported exam frequencies
from 100,000 to over 300,000 per year, while non-DMS
users reported much lower frequencies between 10,000
and 30,000 per year (Fig. 2). In summary, the like-
lihood of a DMS installation increases with increasing
annual examination frequency and higher availability of
MPEs.

What are the reasons for not having a DMS installed?
Figure 3 shows the most common reasons facilities did
not have a DMS installed. The three main reasons were
lack of support, no legal requirements, and no approval of
the costs. It is correct that the EU-BSS does not require a
DMS but only the electronic transmission of exposure
data. Nevertheless, in medium-sized and larger facilities,

Fig. 2 Average number of procedures/year performed in different facilities

Fig. 3 Main reasons of DMS non-users why a DMS is not installed
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MPEs or radiologists will hardly be able to meet exposure
monitoring requirements without a DMS. The costs of a
DMS are likely to play a role, especially in smaller facil-
ities, as many DMS are offered as a local installation with
server hardware and software at high prices. In particular,
web-based solutions that transfer the exposure data to a
cloud server for storage and evaluation require only
minimal local hardware and can be operated inexpen-
sively as a “pay-per-use” model.

What are the difficulties with DMS installation?
Figure 4 shows the main challenges identified with
installing a DMS. The most commonly reported problems
were the harmonisation of protocol names for mapping,
followed by issues with the interface between DMS and
modalities, problems with integration into clinical work-
flow, and missing IT and/or MPE support. The need to
harmonise protocol names is the most frequently men-
tioned problem after installing a DMS. This harmonisa-
tion would enable benchmarking of exposure data at local,
regional, national, and international levels and its use for
optimisation and creating local or national DRLs [13].
Such harmonisation is necessary for meaningful evalua-
tions to be possible locally within a facility. At a large
hospital (Paracelsus Medical School, Hospital Nuremberg,
Germany), there are around 100 radiological procedures
that clinicians can request. From these, around 1000 dif-
ferent protocols are generated for individualised diag-
nostic examinations and interventional procedures.

Unfortunately, this situation exists in many countries and
facilities, so standardisation of the examination protocols
such as RadLex or LOINC [14, 15] would be urgently
needed. Unfortunately, many countries have no binding
requirements for using standardised protocol names.
The second problem is insufficient digital interfaces to

modalities. Nearly all new radiological modalities have
implemented the DICOM standard and RDSR and thus
provide dosimetric data at the level of individual images
or for entire procedures. This is not the case for many old
devices, for example, old fluoroscopy C-arms in operating
rooms, but it can be assumed that such devices will dis-
appear from the market over the next few years.

Typical DMS applications
Eighty-six percent of responders said they verify exposure
data against national DRLs, but only 42% against local
DRLs. The highest frequency of modalities sending dosi-
metric data to a DMS was CT (96%), followed by inter-
ventional fluoroscopy (82%), mammography (80%),
diagnostic fluoroscopy and radiography (78%), and posi-
tron emission tomography (PET)-CT/single-photon
emission computed tomography (SPECT)-CT (62%).
Dose data were provided to patients (only on request)
(38%), in the medical patient report (36%), in the internal
patient record (30%) and to the referrer (8%). Only 30% of
individual patient exposures were reported to the patient,
medical report to the referrer, or internal patient record in
the values and units reported by the modalities [2, 3, 5].

Fig. 4 Reported main difficulties of DMS users when installing their DMS
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Most respondents (71%) indicated that the issues around
reporting individual patient exposures could be solved
with a DMS. For CT, the most common modality to
report data to a DMS, 84% of respondents thought setting
up local and/or clinical DRLs could be solved with a DMS.
Tsalafoutas et al [16] published the results of a ques-

tionnaire among manufacturers of DMS, which focused
exclusively with yes/no answers on manufacturers’ spe-
cifications. The results of the survey are also very het-
erogeneous. Positive answers (mean values) relate to data
transfer from the modalities with 80%, data collection
with 76%, statistical analysis with 69-100%, customising
the DMS software with 59% and service and support with
59%. The results clearly exhibit that large differences exist
between the various DMS vendors.
Available DMS features such as calculating cumulative

patient doses over multiple exams and a longer period of
time are also offered but require national or regional
exposure databases [17].
In this EuroSafe Imaging survey among institutions

operating a DMS, the problem of harmonising protocol
names was frequently mentioned at over 60%. Within a
single facility, the lack of harmonisation of protocol
names is less of a problem if identical protocol names are
used when multiple modalities are used for the same
procedure. However, comparisons at regional or national
level are only possible if the local protocol names are
converted into uniform protocol names using translation
tables. Even the creation of such tables is often ambiguous
and challenging because local protocol names often
contain complex ranges of anatomical regions and
examination strategies. To create national DRLs, at least
unique protocol names that can be mapped to the
national nomenclature are required.
The costs, the time required for radiologists, MPEs,

and IT staff, as well as the complexity of the hardware
and software to be installed, are limiting factors, espe-
cially for small institutions. Many DMS are offered as a
local installation with server hardware and software at
high prices. In particular, web-based solutions that
transfer the exposure data to a cloud server for storage
and evaluation require only minimal local hardware and
can be operated inexpensively as a “pay-per-use” model.
In decreasing order of availability, dosimetric data from
CT, interventional devices, mammography, diagnostic
fluoroscopy, radiography, and PET-CT can be trans-
mitted electronically to subsequent systems. However,
successful installation in a clinical environment requires
a clinical information system with at least an health level
seven interface, an RIS with a DICOM work list, and a
PACS. Only then can exposure data be transferred to the
medical record and in the report to the referrer and
patient.

To succeed in a DMS installation, a focus on protocol
harmonisation (particularly based on clinical indications
in CT examinations), leveraging RadLex through trans-
lation tables, is recommended as a first step. This should
involve regular meetings and active collaboration between
radiologists, radiographers, medical physics experts, and
field engineers. Each of them needs a certain percentage
of their working time to be allocated to DMS related
projects. Additionally, communicating results to higher
hospital management will help with the justification of
utilising resources for the DMS. Regular review and
optimisation of protocols based on DMS data are advised
[13]. IT interoperability is essential and including a spe-
cialised IT technician is crucial to ensure adequate system
integration and operation.

Conclusions
DMS have proven to be an essential tool for collecting,
storing, and analysing medical patient exposures. So far,
DMS have helped optimise the radiation protection of
patients, the analysis of individual and population-based
exposures, and the process of justification and optimisa-
tion of protocols. Information on patient exposure at the
population level is informative for assessing trends in
collective doses, setting up clinical, local, and national
DRLs, and as a basis for epidemiological studies on the
effects of radiation. The technological developments of
radiological modalities have improved electronic access to
information on patient exposure and the analytical uses of
these data [6]. This study aimed to obtain information
about reasons for or against the installation of DMS
depending on the geographical location of EU member
states and the size of radiological facilities.
According to the questionnaire respondents, IS hospitals

have a significantly higher number of installed DMS and a
greater participation of MPEs than other facilities. Fur-
thermore, CT was the most commonly connected mod-
ality to a DMS. The reasons for not having DMS
installations included unapproved costs and no imple-
mentation support. Inadequate harmonisation of protocol
names remains a major challenge. Facilities planning the
acquisition of a DMS should carefully explore the available
DMS solutions, regarding their features and functional-
ities, to make sure that they meet their specific needs.
The next planned step of the WG is to propose

recommendations on best practices for DMS installations,
especially in smaller facilities.
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Loose et al. Insights into Imaging          (2024) 15:201 Page 7 of 8



DRL Diagnostic reference level
ECR European Congress of Radiology
ESR European Society of Radiology
EU European Union
EU-MS EU member states
IAEA International Atomic Energy Agency
ICRP International Commission on Radiological Protection
IS Imaging star
IT Information technology
MPE Medical physics expert
NIS Non-imaging star
PACS Picture archiving and communication system
PET Positron emission tomography
RDSR Radiation dose structured report
RIS Radiology information system
WG Working group

Acknowledgements
This paper was prepared by the authors on behalf of the European Society of
Radiology EuroSafe Imaging initiative. It was approved by the ESR Executive
Council in June 2024.

Authors contributions
R.L. was responsible for the initial drafting of the paper. All authors provided
input to the initial draft and contributed equally to the conception and design
of this work. All authors read and approved the final manuscript.

Funding
No sources of funding were received in the production of this statement.

Data availability
Summary data from the survey is available in tables within the manuscript.
Upon reasonable request, further data can be made available from the
corresponding author.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Institute of Medical Physics, Paracelsus Medical School, Hospital Nuremberg,
Nuremberg, Germany. 2Radiology Department, Complutense University,
Madrid, Spain. 3Department of Diagnostics and Intervention, Radiation Physics,
Umeå University, SE-091 87 Umeå, Sweden. 4Swiss Imaging Network, Sion,
Switzerland. 5University of Zagreb School of Medicine, Department of
Diagnostic and Interventional Radiology, UH Dubrava, Zagreb, Croatia.
6Children’s Clinical University Hospital, Riga, Latvia. 7European Coordination
Committee of the Radiological, Electromedical and Healthcare IT Enterprises
(COCIR), Brussels, Belgium. 8University of Crete, School of Medicine, Iraklion,
Crete, Greece. 9Department of Medical Physics, VITAZ, Moerlandstraat 1, 9100
Sint-Niklaas, Belgium. 10Paris Cité University, Paris, France. 11Department of
Pediatric Radiology Institute for Maternal and Child Health—IRCCS “Burlo
Garofolo”—Trieste (I), Trieste, Italy. 12Otto-von-Guericke University Magdeburg,
Magdeburg, Germany. 13Department of Radiology, Medical Center—University
of Freiburg, Faculty of Medicine, University of Freiburg, Freiburg, Germany.
14School of Medicine, University College Dublin, Dublin, Ireland. 15Health and
Technology Research Center, Escola Superior de Tecnologia da Saúde de
Coimbra, Instituto Politécnico de Coimbra, Coimbra, Portugal.
16Konstantopoulio General Hospital, Athens, Greece. 17Am Gestade 1, 1010
Vienna, Austria.

Received: 25 April 2024 Accepted: 26 May 2024

References
1. (2014) European Council Directive 2013/59/Euratom on basic safety

standards for protection against the dangers arising from exposure to
ionizing radiation and repealing Directives 89/618/Euratom, 90/641/
Euratom, 96/29/Euratom, 97/43/Euratom and 2003/122/Euratom. OJ of
the EU. L13; 57:1–73. https://osha.europa.eu/en/legislation/directives/
directive-2013-59-euratom-protection-against-ionising-radiation

2. Vano E, Frija G, Stiller W et al (2020) European Society of Radiology (ESR).
Harmonisation of imaging dosimetry in clinical practice: practical
approaches and guidance from the ESR EuroSafe Imaging initiative.
Insights Imaging 11:54. https://doi.org/10.1186/s13244-020-00859-6

3. Vano E, Frija G, Loose R et al (2021) Dosimetric quantities and effective
dose in medical imaging: a summary for medical doctors. Insights Ima-
ging 12:99. https://doi.org/10.1186/s13244-021-01041-2

4. Vano E, Loose R, Frija G et al (2022) Notifications and alerts in patient dose
values for computed tomography and fluoroscopy-guided interventional
procedures. Eur Radiol 32:5525–5531. https://doi.org/10.1007/s00330-022-
08675-w

5. Loose R, Vano E, Mildenberger P et al (2021) Radiation dose management
systems-requirements and recommendations for users from the ESR
EuroSafe Imaging initiative. Eur Radiol 31:2106–2114. https://doi.org/10.
1007/s00330-020-07290-x

6. International Atomic Energy Agency (2023) Patient radiation exposure
monitoring in medical imaging, Safety Reports Series No. 112. International
Atomic Energy Agency, Vienna, 2023. https://www.iaea.org/publications/
14971/patient-radiation-exposure-monitoring-in-medical-imaging

7. Harrison JD, Balonov M, Bochud F et al (2021) ICRP publication 147: use of
dose quantities in radiological protection. Ann ICRP 50:9–82. https://doi.
org/10.1177/0146645320911864

8. ICRP (2007) The 2007 Recommendations of the International Commission
on Radiological Protection. ICRP Publication 103. Ann ICRP 37 (2-4).
https://icrp.org/docs/ICRP_Publication_103-Annals_of_the_ICRP_37(2-4)-
Free_extract.pdf

9. Martin CJ (2020) Effective dose in medicine. Ann ICRP 49:126–140. https://
doi.org/10.1177/0146645320927849

10. Tsapaki V, Fitousi N, Salametis A, Niotis D, Papailiou I (2018) Experience
with the use of a dose management system in the everyday routine of a
CT department. A touchstone or a millstone? Hell J Radiol 3:17–26

11. Fitousi N (2017) Patient dose monitoring systems: a new way of mana-
ging patient dose and quality in the radiology department. Phys Med
44:212–221. https://doi.org/10.1016/j.ejmp.2017.06.013

12. Frija G, Hoeschen C, Granata C et al (2021) ESR EuroSafe Imaging and its
role in promoting radiation protection—6 years of success. Insights
Imaging 12:3. https://doi.org/10.1186/s13244-020-00949-5

13. Damilakis J, Frija G, Brkljacic B et al (2023) How to establish and use local
diagnostic reference levels: an ESR EuroSafe Imaging expert statement.
Insights Imaging 14:27. https://doi.org/10.1186/s13244-023-01369-x

14. Surabhi D, Jordan GS, Roberts K (2020) RadLex normalization in radiology
reports. AMIA Annu Symp Proc 2020; 2020:338–347. https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC8075450/

15. Daniel J, Swapna A, Kenneth C et al (2018) The LOINC RSNA radiology playbook
- a unified terminology for radiology procedures. J Am Med Inform Assoc
25:885–893. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6016707/

16. Tsalafoutas IA, Arlany L, Titovich E et al (2023) Technical specifications of
dose management systems: an international atomic energy agency sur-
vey. J Appl Clin Med Phys 25:e14219. https://doi.org/10.1002/acm2.14219

17. Frija G, Damilakis J, Paulo G, Loose R, Vano E, European Society of Radi-
ology (ESR) (2021) Cumulative effective dose from recurrent CT exam-
inations in Europe: proposal for clinical guidance based on an ESR
EuroSafe Imaging survey. Eur Radiol 31:5514–5523. https://doi.org/10.
1007/s00330-021-07696-1

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Loose et al. Insights into Imaging          (2024) 15:201 Page 8 of 8

https://osha.europa.eu/en/legislation/directives/directive-2013-59-euratom-protection-against-ionising-radiation
https://osha.europa.eu/en/legislation/directives/directive-2013-59-euratom-protection-against-ionising-radiation
https://doi.org/10.1186/s13244-020-00859-6
https://doi.org/10.1186/s13244-021-01041-2
https://doi.org/10.1007/s00330-022-08675-w
https://doi.org/10.1007/s00330-022-08675-w
https://doi.org/10.1007/s00330-020-07290-x
https://doi.org/10.1007/s00330-020-07290-x
https://www.iaea.org/publications/14971/patient-radiation-exposure-monitoring-in-medical-imaging
https://www.iaea.org/publications/14971/patient-radiation-exposure-monitoring-in-medical-imaging
https://doi.org/10.1177/0146645320911864
https://doi.org/10.1177/0146645320911864
https://icrp.org/docs/ICRP_Publication_103-Annals_of_the_ICRP_37(2-4)-Free_extract.pdf
https://icrp.org/docs/ICRP_Publication_103-Annals_of_the_ICRP_37(2-4)-Free_extract.pdf
https://doi.org/10.1177/0146645320927849
https://doi.org/10.1177/0146645320927849
https://doi.org/10.1016/j.ejmp.2017.06.013
https://doi.org/10.1186/s13244-020-00949-5
https://doi.org/10.1186/s13244-023-01369-x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8075450/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8075450/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6016707/
https://doi.org/10.1002/acm2.14219
https://doi.org/10.1007/s00330-021-07696-1
https://doi.org/10.1007/s00330-021-07696-1

	The use of Dose Management Systems in Europe: Results of an ESR EuroSafe Imaging Questionnaire
	Introduction
	Dose management systems (DMS)
	Methods
	Results
	Where did the answers come from?
	Who answered the questionnaire?
	What are the reasons for not having a DMS installed?
	What are the difficulties with DMS installation?
	Typical DMS applications

	Conclusions
	Acknowledgements




