
T. Vanaudenhove – DRLs in radiology : methodology and challenges – 22/04/2017 1 

National DRLs in radiology 
Evolution of the methodology  

and 
future challenges 

22/04/2017 

 

Thibault Vanaudenhove, Dr. Ir. 
Thibault.Vanaudenhove@fanc.fgov.be 

 

Federal Agency for Nuclear Control (FANC) 

Health & Environment – Health protection 

Spring symposium 2017 

Radiation Protection in Radiology 

FANC, Brussels 



2013/59/EURATOM 

T. Vanaudenhove – DRLs in radiology : methodology and challenges – 22/04/2017 2 



2013/59/EURATOM 

• Definition 
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2013/59/EURATOM 

• Establishment 

 

 

 

 

• Use 
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2013/59/EURATOM 

• Use 
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Establishment 

• For which procedures do we  
have to establish DRLs? 

– In function of frequency and dose 
contribution 

– Well established 

• For which dosimetric quantities  
do we have to establish DRLs? 

– Ka, DAP, DLP, CTDIvol, AGD, etc. 

– Relatively well established 
but under discussion (e.g. SSDE) 
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European Commission, Radiation Protection 154, 
European Guidance on Estimating Population 
Doses from Medical X-Ray Procedures, 2008 



Establishment 

• How do we establish DRLs? 

– from practitioners’ experience? 

– from existing values? (european, other countries?) 

– from dose distributions? 

• from local surveys? 

• from national surveys? 

• from international surveys? 
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Establishment 

• How do we establish DRLs? 
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European Commission, Radiation Protection 109, 
Guidance on Diagnostic Reference Levels (DRLs) 
for Medical Exposures, 1999 



Establishment 

• How do we establish DRLs? 

– The question of standard-sized patients 

– The question of the distribution 

– The question of pooling 
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Standard-sized patients 

• How do we establish DRLs? 

– The question of standard-sized patients 

• 70 kg 

• + 20 cm AP trunk thickness 

• 70 ± 3 kg ; 70 ± 10 kg 

• not considered: 
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European Commission, Radiation Protection 109, Guidance on Diagnostic Reference Levels (DRLs) for Medical Exposures, 1999 

European Commission, European Guidelines on Quality Criteria for Diagnostic Radiographic Images, EUR 16260 EN, June 1996 
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Standard-sized patients 

• How do we establish DRLs? 

– The question of standard-sized patients 

• First Belgian survey (2006-2010) 

 

 

 

 

 

 

 

 
    #patients : from 1000 to 5000 
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  Number  All patients   Standard patients proposed DRL 

Examination of     70 ± 3 kg 70 ± 5 kg 70 ± 10 kg (cGy.cm²) 

  rooms P25 P75   P25 P75 P25 P75 P25 P75 P25 P75 

Abdomen 71 99 337   133 330 129 322 118 315 120 330 

Pelvis face (AP) 111 120 396   176 441 174 447 169 458 170 450 

Thorax PA 97 11 34   13 36 13 36 13 36 13 35 

Thorax lateral 87 31 98   42 109 42 113 40 112 40 110 

Thorax bed 30 11 23   12 22 12 21 11 21 12 25 

Lumbar spine total 90 640 2090   780 2210 790 2220 760 2150 750 2100 

    face 79 89 290   99 270 100 276 97 275 95 280 

    profile 77 189 525   211 506 209 508 207 508 200 500 

Skull total 27 59 168   - - - - - - 60 150 

    face 17 4 58   - - - - - - 25 (60) 

    profile 18 21 54   - - - - - - 20 (50) 
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Standard-sized patients 

• How do we establish DRLs? 

– The question of standard-sized patients 

• First Belgian survey (2006-2010) 

• FANC-decree patient dosimetry (2011) 
 no more weight 
 20 data (sufficient ?) 
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Standard-sized patients 

• How do we establish DRLs? 

– The question of standard-sized patients 
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Lumbar spine CT 

Standard 
patients 

S. Taylor et al., 2016,  
Eur. Radiol. 27(1): 365-373 



Standard-sized patients 

• How do we establish DRLs? 

– The question of standard-sized patients 

• First Belgian survey (2006-2010) 

• FANC-decree patient dosimetry (2011) 
 no more weight 
 20 data (sufficient ?) 
 

• ICRP 2016 (draft) : 
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ICRP, Diagnostic Reference Levels in Medical 
Imaging, Draft for consultation, 2016 



Standard-sized patients 

• Belgian DRLs 

– 2012 : CT 

– 2013 : CT 
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CTDIvol (mGy) DLP (mGy.cm) 

Single examination Single examination  Full examination 

 Examination Q1 Q3 Q1 Q3 Q1 Q3 

  Abdomen 7 13 280 600 330 780 

  Angio CT of the thorax 6,5 20 160 420 190 460 

  Cardiac (CCTA) 9 47 125 620 190 800 

  Colon 4 9 180 410 300 600 

  Cervical spine 15 32 230 530 240 540 

  Lumbar spine 17,5 32 340 680 340 680 

  Skull (brain) 38 58 570 980 650 1020 

  Sinuses 3 8 40 110 40 110 

  Thorax 5 10 160 340 160 340 

  Thorax-abdomen 6,5 13 280 640 525 1050 



Distribution 

• How do we establish DRLs? 

– The question of the distribution 

• Belgian DRLs : based on P75 calculated from all patients 
 sensitive to outliers, erroneous data 
 bias in the representation of departments/devices  

    (More and more departments send more than 20 data (up to 2000!) ) 

 

• Remember : DRL is a tool for standard practices 
 should be representative for the practices and devices 
 use of the distribution on average per device 
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Distribution 

• How do we establish DRLs? 

– The question of the distribution 

• 2014 : CT and RX, MAM, IR 
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Thorax CT 



Distribution 

• How do we establish DRLs? 

– The question of the distribution 

• 2014 : CT and RX, MAM, IR 

 use of the distribution on average per device 

 outliers?  
exclusion of highest and lowest 5% ? 

 low and/or high cut-off values ? (done for Belgian RX DRLs 2014) 
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Abdomen RX 



Distribution 

• How do we establish DRLs? 

– The question of the distribution 

• 2015 : CT 

– use of the distribution on median per device 

 lower sensitivity to outliers/erroneous data  

 better estimate of the “mean” practice 
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Distribution 

• How do we establish DRLs? 

– The question of the distribution 

• 2015 : CT 

– use of the distribution on median per device 

 lower sensitivity to outliers/erroneous data  

 better estimate of the “mean” practice 

 

• ICRP 2016 (draft) : 
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Distribution 

• How do we establish DRLs? 

– The question of the distribution 

• ICRP 2016 (draft) : 
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Pooling 

• How do we establish DRLs? 

– The question of pooling 

• More and more departments send more than 20 data  
(up to 2000!) – but not all! 

 

• Sometimes, very few data are sent for some procedures 
 median values for dataset with less than 5 data  

not included in the distribution (CT 2015) 

 

• Sometimes, big centers send 20 data for each procedure 
 is the median value representative for their practices? 
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Pooling 

• How do we establish DRLs? 

– The question of pooling 

• Sometimes, big centers send 20 data for each procedure 
 is the median value representative for their practices? 

• ICRP 2016 (in draft) :  
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Pooling 

• How do we establish DRLs? 

– The question of pooling 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

T. Vanaudenhove – DRLs in radiology : methodology and challenges – 22/04/2017 24 

S. Taylor et al., 2016, Eur. Radiol. 27(1): 365-373 

Thorax CT 



Pooling 

• How do we establish DRLs? 

– The question of pooling 

• To assess a good estimate of the median for one device  
 > 100 patients 

• To assess a good estimate of the median or P75 from the 
distribution of the median values per device 
 function of the number of devices!! 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

T. Vanaudenhove – DRLs in radiology : methodology and challenges – 22/04/2017 25 



Pooling 

• How do we establish DRLs? 

– The question of pooling 
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Abdomen CT 

T. Vanaudenhove et al., 2017, To be published 



Pooling 

• How do we establish DRLs? 

– The question of pooling 

• To assess a good estimate of the median for one device  
 > 100 patients 

• To assess a good estimate of the median or P75 from the 
distribution of the median values per device 
 function of the number of devices!! 
 less dependancy with the number of data per device  
    when the number of devices is larger than 20-30 
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Pooling 

• How do we establish DRLs? 

– The question of pooling 

• ICRP 2016 (in draft) :  
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Why all this 

• All this seems to be only statistics… 

BUT :  

– DRL is a quantitative tool/indicator 
 must be well-defined, well-established 
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Why all this 

• All this seems to be only statistics… 

BUT :  

– DRL is a quantitative tool/indicator 
 must be well-defined, well-established 
 should allow follow-up 
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Why all this 

• All this seems to be only statistics… 
 should allow follow-up 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

T. Vanaudenhove – DRLs in radiology : methodology and challenges – 22/04/2017 31 



Follow-up 

• January 2017 : 
Personalized feed-back to departments (CT 2015)  
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Why all this 

• All this seems to be only statistics… 

BUT :  

– DRL is a quantitative tool/indicator that 
 must be well-defined, well-established 
 should allow follow-up 
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Why all this 

• All this seems to be only statistics… 

BUT :  

– DRL is a quantitative tool/indicator that 
 must be well-defined, well-established 
 should allow follow-up 
 should allow international comparison, 

    the methodology must be similar!! 
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International benchmarking 
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European Commission, Radiation Protection No180, Diagnostic Reference Levels in Thirty-six European Countries, 2014  

2010 !! 

Lumbar spine CT 



International benchmarking 
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Lumbar spine CT 

European Commission, Radiation Protection No180, Diagnostic Reference Levels in Thirty-six European Countries, 2014  

6
5
0
 2014 !! 



International benchmarking 

• e.g. France : DRL <> P75 
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International benchmarking 
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Lumbar spine CT 

European Commission, Radiation Protection No180, Diagnostic Reference Levels in Thirty-six European Countries, 2014  
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 2014 !! 
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