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Abstract

The European Commission concerted action on 'Digital Imaging: Measures for Optimising Radiological
Information Content and Dose', DIMOND II, was conducted by 12 European partners over the period January
1997 to June 1999.

The objective of the concerted action was to initiate a project in the area of digital medical imaging where
practice was evolving without structured research in radiation protection, optimisation or justification. The main
issues addressed were patient and staff dosimetry, image quality, quality criteria and technical issues. The scope
included computed radiography (CR), image intensifier radiography and fluoroscopy, cardiology and
interventional procedures.

The concerted action was based on the consolidation of work conducted in the partner's institutions together with
elective new work. Protocols and approaches to dosimetry, radiological information content/image quality
measurement and quality criteria were established and presented at an international workshop held in Dublin in
June 1999. Details of the work conducted during the DIMOND II concerted action and a summary of the main
findings and conclusions are presented in this contribution.

1. Introduction

The European Commission concerted action on 'Digital Imaging: Measures for Optimising
Radiological Information Content and Dose', DIMOND II, was conducted by 12 European
partners over the period January 1997 to June 1999.
The partners involved were as follows:

• Department of Medical Physics and Bioengineering, St. James's Hospital, Dublin.
• Regional Medical Physics Department, Newcastle General Hospital, UK.
• Department of Radiology, Krankenhaus der Barmherzigen Bruder, Trier, Germany.
• STUK, Helsinki, Finland.
• Department of Radiology, Leuven, Belgium.
• Department of Radiology, University of Innsbruck, Austria.
• Ministere de la Sante, Division de la Radio Protection, Luxembourg.
• Department of Radiology, Complutense University, Madrid, Spain.
• Medical Physics Department, Regional General Hospital of Athens, Greece.
• TNO Centre for Radiation Protection, Rijswijk, The Netherlands.
• Department of Radiology, Ospedale S. Maria Delia Misericordia, Udine, Italy.
• Diakonissenkrankenhaus, Abt. Rontgendiagnostik, Karlsruhe, Germany.

The objective of the concerted action was to initiate project in area of digital medical imaging
where practice was evolving without structured research in radiation protection, optimisation
or justification [1]. The main issues addressed were patient and staff dosimetry, image quality,
quality criteria and technical issues. The scope included computed radiography (CR), image
intensifier radiography and fluoroscopy, cardiology and other new interventional procedures

[1].
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In addition to the formal objective, there was also an informal objective of establishing a
cohesive effective group with participants from a range of disciplines and from a wide range
of European countries.

The structure of the concerted action consisted of many workpackages and deliverables and
was based on the consolidation of work in partners' institutions and elective new work. In
practice the work was organised into the following main tasks areas or groups:

• Dosimetry,
• Radiological information content,
• Quality criteria,
• Cardiology,
• Technical parameters and
• Project management,
with input from various other specialised subgroups

2. Objectives and results

Dosimetry
The main objectives of the dosimetry group were to conduct a review of the wide diversity in
approaches to patient, staff and equipment dosimetry for different examinations, to conduct a
dosimetry intercomparison study between the project partners, to document calibration issues
with respect to patient and staff dosimetry, to identify useful trends in published data for
interventional and collective dose in Europe and elsewhere and to conduct cardiological
patient and staff dosimetry studies [1].

Patient and staff dosimetry protocols have been produced [2,3]. The following approaches to
patient dosimetry have been identified: i) patient dose may be established by monitoring the
dose area product (DAP) for real or simulated patients, ii) entrance skin dose may be
measured using an ionisation chamber for the technique factors used or iii) thermoluminiscent
dosimeters (TLDs) may be placed on the patients skin at the centre of the radiation field [2,3].
Patient dose values may be used to develop reference values [3].

Patient examinations have been classified into the following categories: 'simple' (not
involving more than four exposures, without the use of fluoroscopy or contrast media),
'complex conventional examinations' and 'interventional examinations' [3].

Staff dosimetry protocols have been established which cover two aspects: personal dosimetry
and area dosimetry [2,3]. Area dosimetry involves the assessment of dose at various locations
within the X-ray room which enables iso-contour maps to be deducted. Whole body dose
should be assessed for all individuals monitored and for high risk individuals, shoulder (eye)
and hand doses should also be assessed. A standard protocol has been written [2,3].

An intercomparison of TLD measurements was conducted between the participants as many
patient and staff dose measurements utilise TLDs. The results demonstrated a high degree of
variability and dispersion values of greater than 25% were found for some systems [3]. This
survey demonstrates the importance of intercalibration work. A protocol for image intensifier
dosimetry was compiled to be compared with reference values/protocols and to prompt further
actions in quality assurance if required [2].
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A review of published and partners data on interventional/collective doses has been conducted
and the results were presented at the international workshop in Dublin [3]. This review data
provides valuable baseline date from which comparisons can be made however factors such as
lack of methodological standardisation between European scientists and lack of
standardisation between radiographic devices, examinations and techniques contribute
significantly to variations observed [3]. Cardiological dosimetry studies were documented for
patients & staff [2,3].

3. Radiological information content

The objectives of the Radiological Information Content task group were to conduct a review
of objective and semi-subjective methods of measurement of image quality, to review
measured image quality and dose issues, to review methods of constancy checking and to
relate visualisation criteria and objective / subjective measurements [1].

Methods and protocols were reviewed for quantitative and qualitative measurement of image
quality for CR, angiography and digital subtraction angiography (DSA) and related to dose
[2,3]. New investigations and reports on measured image quality and dose issues were
published [4]. A report on psychophysical aspects of imaging/image quality was produced [3].
Constancy checking protocols have been established among partners and were presented at the
international workshop [3]. These protocols highlight the advantages of constancy checking.

4. Quality criteria

One of the objectives of the concerted action was to establish quality criteria guidelines for
digital procedures. These guidelines are to be based on the quality criteria guidelines
published by the European Commission for diagnostic radiology and CT [5,6] and will
include recommendations on clinical and technical parameters, examples of good equipment
performance, criteria for patient dose, definition of visualisation criteria and the meaning of
linguistic descriptors. The objectives of the quality criteria task group were to select the
procedures for the digital quality criteria study, to identify clinical visualisation criteria and
technical parameters for these procedure and to conduct a pilot trial of the selected procedures
among the partners [1].

The following procedures were identified: CR (chest, skeletal), Image intensifier (small
bowel, ascending venography), DSA (pelvis, lower extremities, dilation of iliac arteries) [2].
Clinical visualisation criteria and technical parameters were established and the final draft of
the quality criteria document is now in place [7]. An extensive trial of visualisation criteria
and technical parameters has been conducted.

5. Cardiology

The need for a multi-centre group specialising in cardiology was identified at the start of the
concerted action which lead to the establishment of the cardiology group. Quality criteria were
established for angiographic images [2,3] and a scoring system was devised for image quality
evaluation [2,3]. A proposal for a complexity index for PTCA procedures was made and
radiation protection training objectives for staff were identified and addressed [2].
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6. Technical Parameters

Prior to the commencement of the concerted action there was no generic specification for
interventional radiology equipment for users or manufacturers, there were no international
standards for interventional equipment, there were no technical parameters for digital quality
criteria and visualisation studies and there was a lack of technically defined optimisation
strategies. The main objectives of the technical parameters task group were to address these
issues [1].

The group produced a draft generic specification for interventional radiological equipment for
contribution to an IEC standard [8], provided technical parameters for the quality criteria
guidelines [7] and identified approaches needed for a definitive study of optimisation
strategies.

7. Discussion and conclusions

Considerable progress was achieved in this concerted action in terms of scientific and clinical
endeavor, co-ordination and cooperation. Many aspects of diagnostic and interventional
radiology, dosimetry protocols, radiological information content and technical parameters
were reviewed and have been used as a platform from which protocols, methodologies and
quality criteria have been developed and clinical trials conducted. An international workshop
was held in Dublin in 1999 and the proceedings are currently in press [3]. The participants of
the project extend their thanks to the European Commission for their support in this work and
to the co-ordinators of the working groups.
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