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Setting  DRLs for  children  

Ne w  t re nd s  
• BSS focus on DRL for spe cia l g roups 
• DRLs should  be  ind ication base d  

 
Sp e c ia l c ha lle ng e s  –  p a e d ia t ric  DRLs 
• Large  span in patie nt s ize  
− We ight: from  le ss  than 1 kg   to m ore  than 70  kg  
− He ight/ Le ng th: from  around  50  cm  to 180 cm  

• Num be r of e xam inations 
− Child re n constitute  only ≈ 20  % of the  population 
− Lowe r num be r of e xam inations for child re n than for 

adults  
 

• Eve n m ore  p ronounce d  for sm all countrie s  

​DRL: 
​Diagnostic 
Reference 
Level  



Project set -up  

Da ta  c o lle c t ion  in  
• Denmark  
• Norway  
• Iceland  
• Sweden  

 
Finnish data to be used for comparison  
• Recent DRL values from 2015 (CT) and 2018 

 
Time line  
• Project plan approved December 2017  
• Data collection started March 2018  
− Planne d  to e nd  in Se p te m be r 2018 - e xte nde d  

• Data analysis  unde r way 

Insp ira t ion  
 
 
 

• Guide line s pub lishe d  2018 
• Re com m e ndations 
− Body e xam inations: We ight g roups or DRL curve s 
− He ad  e xam inations: Age  g roups 

 
 
 
 

• Pub lication 135 
− Diagnostic  re fe re nce  le ve ls  in m e d ical im ag ing  



Examinations 
per year  
 

Denmark  Finland  Iceland  Norway  Sweden  Estimated 
Total  

Chest  19.327  53.393  1.964  36.500  110.000 
Pelvis, hip 
joints  5.574  3.943  438  6.000   16.000 

Abdomen   3.512  1.492  388  7.800  13.000 
Scoliosis  3.376  4.289  41  5.000  1.900  9.600 
Lumbar spine   2.325  2.277  43  2.300  7.000 
Small intestine 
passage  277  299  124  1.700  2.300 

MCU  251  290  30  900   1.400 

Conve nt iona l 
ra d io log y  
(inc l. flu orosc op y) 
2016 
 
De nm ark, Finland , 
Ice land : 
 Re gistry data  
Swe de n, Norway: 
 Estim ate s 
 
0 -15 ye ars  
(Ice land  0-14 ye ars) 



Examinations 
per year  

Denmark  Finland  Iceland  Sweden  Estimated 
Total  

Brain  1.542  1.415  220  10.200  13.400 
Spine  1.460  847  32  1.300  3.600 
Adomen , pelvis   413  184  83  1.500  2.200 
Chest  546  509  84  1.040  2.200 
Joints, soft  tissue   0  100    1.275  1.400 
Trauma  302  139    810  1.300 
Hip joints   46  45  16  310  400 
Urinary  track   74  29  80  200 

CT  
2016 
 
 
 
De nm ark, Finland , 
Ice land : 
 Re gistry data  
Swe de n: 
 Estim ate s 
 
0 -15 ye ars  
(Ice land  0-14 ye ars) 
 



Data collection  

Pro toc o l –  m a in  p a ra m e te rs  
• Conventional  
− Grid  
− FFA 
− Filtration 
− Focus s ize  

• CT 
− kV 
− Axial/ sp iral 
− Pitch 
− Num be r of phase s  
− Dose  m odulation 
− Ite rative  re construction – de scrip tion 
− Slice  thickne ss  – Scanne d  and  re construction 
− Rotation tim e  

Pa t ie n t  
• Com m on 
− Age  
− He ight and  We ight (e xce p t for he ad  e xam s) 

• Conve ntional 
− Num be r of im age s 
− DAP 
− kV 
− Autom atic  e xposure  control use d  
− m As 

• CT 
− kV 
− CTDIvol 
− DLP 

Eq u ip m e nt  –  m a nu fa c tu re  a nd  typ e  



How much  
data?  

  0-48 months  4-15 years Total  

Abdomen   66  150  216 

Chest, bed   221  11  232 

Chest, standing   310  453  763 

Pelvis   99  144  243 

Pelvis / hip joints   128    128 

Lumbar spine   3  44  47 

Scoliosis, primary   2  153  155 

Scoliosis, follow -up   4  77  81 

Conve nt iona l 
e xa m ina t ions  
 
Exa m ina t ion  typ e  
 
 
 



How much  
data?  

  
0-48 

months  
4-15  

years  
Total  

Abdomen with contrast  
Tumor , infection,  obstruction, birth defect  

 12  212  224 

Brain  
Infarct/haemorrhage  

 391  876  1267 

Brain  
Ventricular size/shunt  

 16  41  57 

HRCT  19  67  86 
Chest with contrast  
Tumor , birth defect,  metastases  

 39  82  121 

Head, chest, abdomen  
Trauma 

 1  26  27 

CT 
 
Exa m ina t ion  typ e  
Ind ication 



Data check  
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Exa m p le : 
Conventional  chest  
 

 
0,1 mGy∙cm2 

=  
1 Gy∙cm 2 

=  
100 µGy∙cm 2 

=  
1000 mGy∙cm 2 

=  
1.000.000 µGy∙cm 2 

 
 

Reported  in µGy∙cm2  
instead  of mGy ∙cm 2 



De p e nd e nc e  of p a t ie n t  d ose  on  p a t ie n t  s ize  
• Attenuation increases exponentially with patient diameter  
− Patie nt d iam e te r incre ase s  with body we ight (and  age ) 

• Fie ld  s ize  incre ase s s lowly with incre asing  s ize  of patie nt 
Assum e  ove rall e xpone ntia l incre ase  with body we ight (or age ) 

 
Bod y e xa m ina t ions  
Dose  value s p lotte d  vs. patie nt we ight and  fitte d  with e xpone ntia l function 

 
He a d  e xa m ina t ions  
Dose  value s p lotte d  vs. patie nt age  and  fitte d  with e xpone ntia l function 

 

Data analysis  – basics  



Da ta  p ooling  
• Ideally: By hospital – requires very large numbers of data  
• Other possibilities:  
− By he althcare  re g ion /  country 
− By m anufacture r, e .g . for CT 

 
Fit t ing  p roc e ss  
• Expone ntia l fit for e ach pool of data : DLPi = DLP0,i ∙ e xp (ai∙Weight ) 
• Com m on e xpone ntia l factor de te rm ine d : a 
− We ighte d  ave rage  of ai 
− We ighte d  by the  num be r of data  points  in e ach pool 

• Calcula te  DLP0,dp from  e ach ind ividual data  point base d  on a 
• Calcula te  value s from  all of DLP0,dp value s 
− 50% quartile  – achie vab le  le ve l 
− 75% quartile  – re fe re nce  le ve l (DRL) 

Data analysis  – determining  DRLs 



CT Abdomen  

Poole d  b y c ou nt ry 

DRL Ach . 
10 kg 59 45 
70 kg 340 257 

y = 79,723e0,0184x 

y = 19,245e0,0492x 

y = 34,235e0,0272x 

0

100

200

300

400

500

600

0 10 20 30 40 50 60 70 80

D
LP

 [m
G

y∙
cm

] 

Weight [kg] 

DK

NO

SE

DRL

Achievable



CT Abdomen  

DRL Ach . 
10 kg 62 46 
70 kg 333 248 

Poole d  b y 
m a nu fa c tu re r 

y = 78,492e0,0142x 

y = 136,64e0,0147x 

y = 31,503e0,03x 

y = 87,625e0,0171x 
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CT Abdomen  

Com p a rison   
• Finnish DRLs 2015 
• Current  results   
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CT Brain  

0-4 ye a rs  
• Age in months  

4-15 years  
• Age in years 

 
 

Common analysis ? 
• Seems feasible  
• Curve is a possibility  

0

200

400

600

800

1000

1200

1400

1600

1800

2000

0 2 4 6 8 10 12 14 16

D
LP

 [m
G

y∙
cm

] 

Age 

SE
DK
IS
NO
DRL
Achievable



Fu rthe r d a t a  a na lys is  
 
Consu lt a t ion  w ith  p a e d ia t ric  ra d io log is t s  
• Presentation of results  
• Comparison of protocols  

 
Publication  
• Collected data  
• Guidance DRLs 

 
• In website of Nordic Working Group of Medical Applications  
• In national websites  

Next  steps  
Nord icxray.g r.is  
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