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1. Introduction

The number of CT procedures in several countries, including all the Nordic countries, has been steadily and in some cases drastically increasing. While the relative number of CT examinations from all x-ray procedures is low (e.g. 8 % in Finland in 2008), their contribution to the total population dose from all x-ray procedures has increased significantly (now 58 % in Finland, and in some countries up to 70 % or more). Furthermore, recent data from Denmark indicates that the cases where the same patient has had several successive CT examinations have also been significantly increased. 
Along with the CT examinations as a whole, the number of paediatric CT examinations has also been increasing. Doses to paediatric patients are of particular concern because children are more sensitive to radiation and have a longer life expectancy. A number of other aspects also call for increased attention to paediatric CT examinations: e.g., patient dose data collection and analysis is complex due to the wide and continuous range of patient sizes, skill level of the staff may not be optimal (in particular outside the dedicated paediatric hospitals or departments), and relatively little sound information is available clinically on radiation doses and risks making decisions for justification of examination difficult. 

Diagnostic reference level (DRL), defined by the ICRP, is a concept recommended by several organizations (the ICRP, IAEA, EC etc). It is a form of investigation level to facilitate optimization by identifying high levels of radiation dose to patients. While DRLs exist for many paediatric examinations, these have not been properly implemented for paediatric CT examinations. DRL values for paediatric CT examinations have been set in few countries only and most of these are now out of date. An on-going EC project, Dose Datamed2 (see www.ddmed.eu) aims at estimating the European population dose from medical diagnostic radiology but also collects data from the national DRLs for all x-ray procedures; by the end of 2011 the project is expected to provide a summary and confirm the status of all DRLs in Europe. 

The present project is a continuation of two earlier studies: a study between the Nordic radiation protection authorities (Friberg et al. 2008) and subsequent further effort as a joint Finnish-Baltic study (Järvinen et al. 2011). The Nordic study indicated the high variation of practices and the need for optimization, and suggested further, more focused studies on patient doses. The Finnish-Baltic study was a more focused effort and indicated a potential for setting the DRLs provided more patient dose data could be collected to improve the statistics of the evaluation.  In the present study, therefore, a few partners from four Nordic countries and two Baltic countries will collaborate in order to be able to collect sufficient amount of patient dose data and to provide the analysis of results with a broader view. 
2. Objectives and scope
The purpose of the project is 
(1) to study the feasibility of setting diagnostic reference levels (DRL) for selected, most important indications for paediatric CT examinations, and to propose the DRLs  
(2) to summarize typical scanning protocols for the selected indications of CT examinations, including the selected image quality level (e.g. the setting of reference mAs or noise index), and conclude on the implementation of optimization.  
The study will focus on the data from dedicated paediatric departments, i.e. from hospitals with paediatric radiology speciality. This is because the differences between dedicated and general (non-dedicated) hospitals may result in too scattered results and difficulties to analyze and conclude on the feasibility of setting the DRLs. 
The study aims at collecting data from a minimum of 300 and preferably 500 or more paediatric patients per given indication, this being the sum of data from all participating hospitals during the established collection period. This requires on the average 23 to 38 patients per indication from each hospital, provided all hospitals can provide data for all indications.   
3. Impact

The partners will benefit from the study by having a review of the level of doses with their own paediatric CT examinations, as well as setting their local reference values (when feasible) and providing an opportunity to compare their own level of doses with other national, Nordic or Baltic partners. In the long run, the results on the dose survey could be benefitted in an extended European study for the confirmation and setting of similar European DRLs. 
The summary of the typical scanning protocols, with the associated image quality selection and patient dose levels, will provide comparative material for the assessment of current protocols and improved optimization of the procedures. 

Both objectives of the project will improve the awareness on the paediatric CT practices and promote the optimization of procedures, thus having a positive impact on the safety of individual patients and the overall dose to the paediatric population.   
4. Methodology
4.1 Clinical indications to be considered
The following indications will be included in the study: 

•
Head: 

i.
routine 

ii.
ventricular size

•
Thorax: 

i.
metastasis/tumour, primary or follow-up

ii.
infection (abscess, empyema)

iii.
trauma

iv.
thx angiography (e.g.malformation)

•
Abdomen

i.
trauma

ii.
other (angiography not included)

•
Thorax + abdomen

i.
trauma

ii.
other (tumour, infection)
4.2 Patient dose data: quantities to be recorded
For patient dose data, values of CTDIvol and DLP will be collected as indicated by the console of the CT unit. Each partner will also verify the calibration of the console reading of their CT scanner. 
For comparability of results, the console value should correspond to the calibration with a standard PMMA phantom of diameter 16 cm, appropriate to the scan field of view or scanning protocol used for paediatric patients. The phantom with diameter 16 cm is usually applied for paediatric scanning protocols, but in same scanners and protocols also 32 cm phantom may have been used for children over certain age or size. The size of the calibration phantom for each protocol used will be confirmed and a conversion (by a correction factor) to the calibration with 16 cm diameter phantom will be applied to the results when necessary. 

4.3 Period and practice of data collection
Participating hospitals (Section 6) will collect data on patients, patient doses and scanning parameters for paediatric patients between 0-16 years of age, for the indications shown in Section 4.1.  The data will be recorded on the EXCEL sheet shown in Appendix 1. The collection period is from 1 November 2011 to 1 November 2012 (one year) and in addition, to those partners having this possibility, retrospectively from 1 November 2010 to 1 November 2011 (one year); i.e. data from a period of 1-2 years will be included. All paediatric patients during this period (for the indications considered) will be included in the data collection in order to provide a reasonable sample per hospital. If there are significant changes of the practices, e.g. new equipment or new protocols taken into use during the collection period, these will also be recorded and reported with the results. 

The collection is carried out mainly manually from the PASC/RIS systems of the hospital (only possibility for retrospective data collection), or recorded in connection of each new examination. For retrospective collection of data, automatic systems provided by the scanner manufacturers or other commercial or contractual systems (such as PeRMoS, see Jahnen et al. 2011) can be applied when available. 

The data on EXCEL forms are sent quarterly to the coordinator (Section 6) to enable the production of intermediate progress reports and summaries for the follow-up and orientation of the work when necessary. 
4.4 Patient size correction (limited additional study)

A few partners (HUS, xx?) will also provide, for a sample of patients, patient size data which enables the correction of the dose values to correspond to the real doses in varying size of patients, according to the data published by the AAPM (AAPM 2011). This data is used to evaluate the impact of size correction in the behaviour of the dose values as a function of patient weight. 

5. Analysis of results and reporting

The results will be collected and summarized by the coordinator. The analysis of the summary data and conclusions will be done by correspondence between all partners. If necessary, a meeting of partners will be organized after the end of the collection period (November-December 2012). The results will be presented in a suitable international congress and published as paper(s) in a scientific journal.
6. Project organization
STUK, Hannu Järvinen, in collaboration with HUS, Raija Seuri, will act as the coordinator of the project.
The participating hospitals are shown in the Table 1. 
Table 1. The list of participating hospitals. 

	Institution
	Responsible person(s)
	e-mail

	DENMARK

	xx, Copenhagen
	Ole Møller-Larsen 
	ole.moeller-larsen@rh.regionh.dk

	ESTONIA

	Tartu University Hospital
	Pilvi Ilves
	Pilvi.ilves@kliinikum.ee

	North Estonia Medical Centre, Tallinn
	Sirli Org
Maret Talk
	Sirli.Org@regionaalhaigia.ee
Maret.Talk@regionaalhaigia.ee

	FINLAND

	Helsinki University Hospital


	Raija Seuri

Mika Kortesniemi
	raija.seuri@hus.fi
mika.kortesniemi@hus.fi

	Tampere University Hospital


	Päivi Savikurki-Heikkilä
Päivi Larne
	paivi.savikurki-heikkila@pshp.fi
paivi.laarne@pshpf.i

	Turku University Hospital


	Erkki Svedström
	erkki.svedstrom@tyks.fi

	Oulu University Hospital


	Marja Perhomaa
	marja.perhomaa@ppshp.fi

	Kuopio University Hospital


	Erja Tyrväinen
	Erja.Tyrvainen@kuh.fi

	LITHUANIA
	
	

	xx, Vilnius 
	Viktorija Burinskiene
	viktorija.burinskiene@gmail.com

	NORWAY

	xx, Bergen
	Karen Rosendahl
	Karen.rosendahl@helse-bergen.no

	SWEDEN

	Astrid Lindgrens ped hospital, Karolinska Hospital, Stockholm
	Lena Gordon Murkes 
Henrik Andersson

Shahla Mobini
	lena.gordon-murkes@karolinka.se
henrik.r.andresson@karolinska.se
shahla.mobini-kesheh@karolinska.se

	Akademiska Sjukhuset, Uppsala
	Tomas Hansen
 Per-Erik Åslund
	Tomas.Hansen@radiol.uu.se
per-erik.aslund@akademiska.se


	Sahlgrenska University Hospital

Gothenburg
	Anne Thilander Klang
	anne.thilander-klang@vgregion.se
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