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Minutes of Meeting

1. Welcome and introduction of participants

Hannu Järvinen welcomed all participants. He expressed special thanks to the Swedish Radiation Safety Authosity (SSM) and Anja Almen for the gracious support to the meeting by organizing the meeting facilities. He said that this is a fine example of the very good cooperation between the Nordic radiation protection authorities. 

The participants introduced themselves. The list of participants present at the meeting are shown in the table below, together with an additional list of persons interested in the project but not been able to attend in the meeting. 

2. Introduction to the topic

Hannu Järvinen presented a brief introduction to the topic and the purpose of the meeting (slides 1-18 of the presentation in Annex 1 to these minutes). 

He told that the purpose of the project is to collect patient dose data in selected, most important paediatric CT examinations, in order to study the feasibility of setting diagnostic reference levels (DRL) for these examinations, and when considered feasible, also propose such levels. He said that this is a continuation of two earlier efforts: 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 Finnish-Baltic study had indicated a potential for setting the DLS provided more patient dose data could be collected to improve the statistics of the evaluation. The present proposal for continuation of the study is addressed to a few hospitals carrying out CT paediatric examinations in the other Nordic (Sweden, Norway, Denmark) and Baltic countries (Estonia and Lihuania), besides the present Finnish and Baltic partners, in order to be able to collect sufficient amount of patient dose data and to provide the analysis of results with broader view. It is assumed that the quality of practices and equipment in these neighbouring countries would not be too different for the success of the patient dose survey. The partners would 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 could be benefitted in an extended European study for the confirmation and setting of similar European DRLs. 

Hannu Järvinen reviewed a few facts why paediatric CT is of utmost importance for radiation protection. He said that the doses of CT examinations are typically many-fold (up to 1000 times higher) than patient doses in conventional plain film radiography. The number of CT procedures in several countries, including all Nordic countries, has been steadily and in some cases drastically increasing. While the relative number of examinations as a percentage of all x-ray procedures is low (e.g. 8 % in Finland), there 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 CT examinations as a whole, also the number of paediatric CT has been increasing. Doses to paediatric patients are of particular concern because children are more sensitive to radiation and have a longer life expectancy: the total risk of the youngest patients is about three times higher than the risk of the whole population. There are a number of other aspects that justify high 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 actual paediatric hospitals or departments), and relatively little sound information is available clinically on radiation doses and risks making decisions for justification of examination difficult. 

Important further reasoning for the present study on DRLs is that DRL is a generally recommended concept (recommendations by the ICRP, IAEA, EC etc) but has 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 becoming outdated. Discussions with the representatives of the European Commission (EC) have indicated interest in developing European DRLs also for paediatric CT examinations. 

Discussion:  
Lena Gordon Murkes raised a point that there can be clear differences (practice, equipment, skill level…) between the actual (devoted) paediatric hospitals and general hospitals, where paediatric CT examinations are carried out combined with the adult examinations. Raija Seuri noted that in Finland all data collection has been from devoted paediatric departments of the university hospitals. Anne Thilander Klang noted that the patient data collection at Gothenburg also aims at comparing data between devoted and general departments carrying out paediatric CT examinations. Katja Merimaa said that the knowledge to be gained by the project will be useful also to the non-devoted hospitals. Hannu Järvinen suggested that the present study should be concentrated on the data from hospitals with paediatric radiology speciality, as the differences between devoted and non-devoted hospitals may result in too scattered results and difficulties to analyze and conclude on the feasibility of setting the DRLs. 

The system of data collection was also addressed. Hannu Järvinen explained that the present study relies mainly on manual collection of data on simple EXCEL files, while systems (like PeRMoS software (Jahnen et al. 2011)) have been developed to collect data automatically from RIS/PACS systems. Henrik Andersson and Per-Erik Åslund pointed out that some manufacturers like Siemens have provided the CT units with an automatic system of collecting scan parameters and patient dose data. The present study aims at collection of a relatively small amount of data per hospital and could be managed by manual handling, but the automatic systems can be used to facilitate the collection when available. 
3. Review of existing DRLs for paediatric CT

Hannu Järvinen presented a review of the existing DRLs for paediatric CT examinations (slides 19-42 of the presentation in Annex 1 to these minutes). 

He introduced some general principles of DRLs, e.g. their purpose and the common “3rd quartile method” for their determination. He also pointed out the possibilities to use either CTDI or DLP as the DRL quantity and some cautions needed when using DLP.  A particular attention was that the DRLs for paeditaric CT examinations should probably be based on clinical indications and on using the patient weight as the parameter (instead of age). The earlier Finnish-Baltic study suggested a continuous DRL curve as the convenient solution (see details at Järvinen et al. 2011), because a significantly smaller number of patient dose data is needed to make comparisons with the DRL curve (compared with the need of data when using discrete DRL values); this is essential for paediatric CT because a sufficient number of patient dose data can be difficult  to collect in a reasonably short time period.

A literature review revealed that DRL for paediatric CT examinations have been given in UK (2000, 2003), Germany (2005-2006), Switzerland (2005), Greece (1999) and in Australia (2006-2008) (see pp-presentation slide 28). The earlier UK data (2000) included data also from 7 other European countries and had sometimes been considered as “European DRLs” while these values have not been officially advocated by the EC and to-day are fully outdated. There may be corresponding DRLs also in some other countries but these has not been published. The current EC project, Dose Datamed2 (see www.ddmed.eu), coordinated by STUK, 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 will provide a summary and confirm the status of all DRLs in Europe. 

The comparisons of the published DRLs for paediatric CT examinations indicate that the most recent values from Australia, Switzerland and Germany comply roughly with each other, and with the results of the Nordic-Baltic study for paediatric chest and head CT. These values are clearly different from the rather old value from the UK.  A particular observation was the very high values for the heaviest patient group in Australia: it turned out to be that these values were determined with a similar type of scanner (Toshiba) where unusually high values were also obtained in the Finnish-Baltic study. A possible, at least partial reason for this is that Toshiba has been the only manufacturer keeping to the requirement of an IEC standard on using the max current for dose calculation in the current modulation mode, instead of the mean current which has been applied by other manufacturers. Another observation was that the DRL for head CT (DLP values) in Australia were significantly lower than in the other countries; this could be related to the difference in the clinical indications and the basic definition of the CT examination. - Obviously such observations should be considered, and the unusually behaving data disregarded, when making conclusions on common DRLs.  

Hannu Järvinen also suggested for consideration, whether a patient size correction should be applied to the CTDI (and DLP) data in order to produce a better quantity for DRL setting. The console readings of the CT unit currently indicate the average dose at the centre of the standard cylindrical PMMA phantom, as used at the calibration of the console, either with 16 cm or 32 cm diameter phantom in case of paediatric protocols. The dose in the centre of a body part of the real patient can be different depending on the size of the patient. The recent report no 204 by the AAPM (AAPM 2011) specifies a correction factor as a function of parameter of patient size: By applying this correction factor to the recorded console values, part of the scatter in the results could disappear and the value of the dose quantity would better correlate with the weight of the patient (see slide 23 of Annex 1). The use of this factor would however necessitate recording additional data on the patient dimensions (see more details in item 7 below). 

Discussion:

The available patient flow for a given paediatric CT examinations was discussed.  Typical figures presented were around ten patients per month or 200 per year but the amount will depend on the indication. Raija Seuri raised the question on how to group the indications for patient dose collection and analysis. The results of the Finnish-Baltic study suggested that the CT examinations for cancer follow-up and for anomaly could have been combined due to the apparently same dose level.  As for the patient size correction, the application of this correction would mean extra work in recording and analysis of the data and this could be appropriate only for selected samples of patients for those partners having interest to study this particular aspect. 

4. Earlier Nordic study

Hannu Järvinen gave a very brief review of the earlier Nordic dose survey (about 2006-2008; Friberg et al. 2008) for paediatric CT, based on the presentation of Eva Friberg at the meeting of the NSFS (Nordic Society for Radiation Protection) (pp-slides as Annex 2 to these Minutes). The main conclusions of this study were that there was a huge variation of doses and practices in the Nordic countries, and that increased attention to the optimization is necessary.  The high scatter of the results did not justify to conclude on the DRLs but further studies, with more careful and limited selection of clinical indication was considered necessary. 

5. Earlier Finnish-Baltic study

Raija Seuri presented a summary of the earlier Finnish-Baltic study (2009-2010), which had been presented at the International Congress for Radiation Protection in Varna 2010 and later published in Radiation Protection Dosimetry (Järvinen et al. 2011).  The pp-presentation is attached as Annex 3 to the Minutes. 

Five university hospitals from Finland, one hospital from Estonia and 2 hospitals from Lithuania had participated in the survey. The survey concentrated in chest and head CT due to the fact that the former was of highest importance in Finland and the latter was the most common in the Baltic countries. Abdomen CT was not included as it is seldom used in these countries. Data collection was based on filling specific forms, mainly by radiographers. 8 different CT scanners were involved. The different indications for chest and head CT were recorded (see details in Annex 3). The results for chest CT, with indication “cancer follow-up”,  indicated a correlation with patient weight, and a power curve fitting to suggest a DRL was examined while the amount of data was not sufficient to draw firm conclusions.  As for head CT, discrete values of DRLs for a few age groups could be justified. For further details, see the published paper (Järvinen et al. 2011) 

Discussion:

Raija Seuri noted that differences in the level of optimization at different hospitals were evident, based on the comparison of the results. These can be partly related to scanner specific features, partly to the selection of the scanning parameters and the level of image quality accepted; therefore, the image quality parameter (Noise index/Ref mAs) was also recorded. To reduce the workload of the patient dose collection, only the necessary data should be recorded.  

6. EPI-CT project

Eva Friberg (NRPA, Norway) reported on the large epidemiological study to quantify cancer risk from peadiatric CT and optimization of dose in paediatric CT examinations, funded as an EC research project (2011-2015).  The pp-presentation is attached as Annex 4 to these minutes. 

The initiator and coordinator of the project is the International Agency for Research on Cancer (IARC), Lyon, France. The project partners comprise 18 institutions from 11 countries, including Norway, Sweden and Finland from the Nordic countries (HJ: Finland only in biological mechanism work package and not establishing a national cohort). The international cohort aims at over 1 million patients while the national cohort e.g. for Norway is 20000 patients. Eva Friberg introduced the main work packages and the plans for data collection, including details of the PerMoS software to be applied. She also described in detail the work packages for calculation of radiation doses and optimization of paediatric CT (see details in Annex 4). She reported also on the actions of the NRPA in Norway to motivate the hospitals for this major effort. Finally, she concluded that the present Nordic paediatric CT survey is not a competative survey to EPI-CT. 

Discussion:

Hannu Järvinen noted that in the EPI-CT project, automatic data collection is essential due to the huge number of patients in the cohort.  He pointed out that the results of the EPI-CT can also be exploited for the study of DRLs within the next 4-5 years. The results of the present study can be of interest for later comparisons with the EPI-CT results. Further, the present data collection, while having a very minor role compared with the EPI-CT data collection, can be useful pre-work to establish the arrangements for the epidemiological data collection. 

7. Review of CT dosimetry relevant to DRL setting; particular emphasis on paediatric CT

Katja Merimaa reviewed the essential concepts of dosimetry (dose descriptors) needed in the present study on DRLs. The pp-presentation is attached as Annex 5 to these Minutes. 

She introduced CTDI and DLP as the basic quantities and the notations for them used by the IAEA (Report TRS 457) and the ICRU, and the use of these quantities for the calibration of CT scanner consoles.   She then reviewed the size-specific dose estimates in accordance with a recent AAPM report (AAPM 2011).  She explained the basis of the data and the size parameters needed to select the correction factors, to obtain the real dose in the central part of the patient body from the console reading. The correction factors have been tabulated in the report as a function of four different size parameters (AP, LAT, AP+LAT and effective diameter). In case any of these parameters are not available, the report also gives a correspondence between patient age and effective diameter, while this is considered to be much less accurate than direct measure of the parameters. The parameters can be most conveniently determined from the CT radiograph (scout). 

8. Detailed aims and methods of the project

As mentioned in item 2, the aim of the project is to collect patient dose data in selected, most important paediatric CT examinations, in order to study the feasibility of setting diagnostic reference levels (DRL) for these examinations, and when considered feasible, also propose such levels. This will be achieved by collecting and comparing a sufficient number of patient dose data from all participating institutions. 

The discussion concentrated on (1) which institutions from those present would be willing to participate, (2) how should be the EXCEL file for the data collection, (3) what are the clinical indications to be selected, and (4) how will be the  number of data and time period for the collection. 

(1) Participants: All hospital/university partners present at the meeting confirmed their willingness to partcipate, i.e.  

· Karolinska Hospital, Astrid Lindgrens ped hospital, Stockholm, Sweden

· Akademiska Sjukhuset, Uppsala, Sweden

· Sahlgrenska University Hospital, Gothenburg, Sweden

· Helsinki University Hospital, Hospital for Children and Adolescents, Finland

· Tartu University Hospital, Estonia

· North Estonia Medical Centre, Tallinn, Estonia

It is hoped that all other interested partners (not present at the meeting) would also continue their participation (University hospitals of Turku, Oulu, Kuopio and Tampere) or join the effort as new partners (hospital in Copenhagen, Denmark, hospital in Bergen, Norway and hospital in Vilnus, Latvia).

STUK will continue as the coordinator of the project. 

(2) EXCEL file templates for data collection: The existing templates were presented and discussed. Some observations were made:

· Patient weight is important except for head CT, where patient age is sufficient

· Patient weight is not always available in PACS and must be derived from other source 

· mA is needed only for manual settings

· Noise index or equivalent is useful but should correspond to the chosen scan protocol which may change very rapidly; for this reason, it is better to combine the “protocol” part of the present EXCEL forms to the patient dose data table (i.e. have all information to be recorded in one worksheet)

It was agreed that Raija Seuri will improve the current EXCEL templates and these will be circulated to all partners for comments and checking. 

(3) Clinical indications: The following indications were tentatively considered/chosen: 

· Head: 

i. routine 

ii. ventricular size

· Thorax: 

i. metastasis/tumour, primary or follow-up

ii. infection (abscess, empyema)

iii. trauma

iv. thx angiography (f ex malformation)

· Abdomen

i. trauma

ii. other (angiography not included)

· Thorax + abdomen

i. trauma

ii. other (tumour, infection)

It was agreed that Raija Seuri will prepare a final proposal of indications and will circulate it to all partners for comments and checking. It was also agreed that a short prescription for each indication will be prepared to clarify the purpose. 

(4) Data collection: It was agreed that the period of data collection is from 1 October 2011 one year ahead and one year backwards. The primary aim is to collect data from all paediatric patients for each indication between 1 October 2011 and 1 October 2012, but those who have earlier data or are willing to collect data also retrospectively, can include data for patients between 1 October 2010 and 1 October 2011. The data on EXCEL forma should be sent quarterly to the coordinator (Hannu Järvinen, STUK) so that intermediate progress reports and summaries could be produced to follow-up and orientate the work when necessary. The analysis of the summary data and conclusions will be done by correspondence between all partners, and if necessary, a meeting of partners can be organized after the end of the collection period (October-November 2012). The results will be presented in suitable international congresses and published as paper(s) in a scientific journal as will be agreed later. As an additional voluntary option, those interested could also study the optimum quantity for DRL as envisaged in item 3 above. 
9. Summary and conclusions

The main conclusions from the meeting: 

· The proposed study on the feasibility of DRLs for paediatric CT was considered timely and important and all partners present were willing to participate in accordance with the planned method and time schedule (1 October 2011-1 October 2012 plus retrospectively one year backwards if desired by the partner).

· STUK (Hannu Järvinen), in collaboration with HUS (Raija Seuri) will act as the coordinator of the project. STUK will produce a draft Project Plan for comments and agreement by all partners. 

· Raija Seuri will prepare and distribute for comments and agreement the improved EXCEL file template for data collection and the list of indications (with short description of each indication). 

List of participants and others expressed their interest in the project
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	Lena Gordon Murkes 
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(local host for the meeting)
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	Richard.Odh@ssm.se
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	SSM, Sweden
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	Eva Friberg
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	Tartu University, Estonia
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	Erja.Tyrvainen@kuh.fi
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	Karen Rosendahl
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	Estonia
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	Tallinn, Estonia
	Maret.Talk@regionaalhaigia.ee

	Lithuania

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