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Radio-sensitivity of children (UNSCEAR) 

•  Children are clearly more radiosensitive for 
about 30 per cent of tumour types when 
compared with adults.  

•  These types include  
•  Leukaemia  
•  Thyroid 
•  Skin and  
•  Brain cancer.  
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Radio-sensitivity of children (UNSCEAR) 

•  They have the same sensitivity as adults when it 
comes to 25 per cent of tumour types such as 
•  Kidney and bladder,  

•  They less sensitive than adults when it comes to 
10 per cent of tumour types including lung 
cancer.  
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Radio-sensitivity of children (UNSCEAR) 

•  For about 15% of tumour types (including 
oesophagus cancer), the data are too weak to 
draw a conclusion regarding differences in risk 
with age at exposure. Finally, for about 20% of 
tumour types (including myeloma, Hodgkin’s 
disease, kidney, prostate, rectum and uterus 
cancer), there is only a poor or no relation 
between radiation exposure and risk.  
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Radio-sensitivity of children: High doses 

•  Instances in which childhood exposure poses 
more risk than adult exposure (e.g. for effects in 
the brain, cataracts, and thyroid nodules).  

•  Risk appears to be about the same (e.g. 
neuroendocrine system and effects in the 
kidneys) and  

•  Instances where children's tissues are more 
resistant (lung, immune system, marrow and 
ovaries). 
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Global scenario  

•  ≈180 million examinations on children 
•  Typically ≈10% examinations are CT 

•  ≈ 18 million CT examinations on children 
• A single CT ≥ 5 mSv 
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Frequency of pediatric CT exams 
95 CT facilities in 28 countries 

Region	
  
Number  
of CT 

facilities	
  

Frequency of pediatric 
examinations in 2007 (%)	
  

Frequency of pediatric 
examinations in 2009 (%)	
  

mean	
     range	
   mean	
     range	
  

Europe 30	
   4.6	
   0.1 – 18.2	
   4.3	
   0.2 – 26.8	
  

Asia 57	
   9.4	
   0.1 – 29.0	
   12.2	
   0.1 – 49.4	
  

Latin America 1	
   -	
   -	
   -	
   -	
  

Africa 7	
   9.6	
   4.2 – 19.7	
   7.8	
   2.2 – 18.2	
  

All countries	
   95	
   7.5	
   0.1 – 29.0	
   9.0	
   0.1 – 49.4	
  



Children- Interventional procedure  
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•  Message: Millions of Children undergoing 
relatively higher dose (≥5 mSv) procedures 

•   Repeat examinations, not uncommon  
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Actions Taken 

1.  Requirements 
2.  Projects in countries 
3.  Website- specific information  
4.  Training material- pediatric 
5.  IAEA Publication 
6.  Networks 
7.  Posters 
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New BSS 
3.156. The justification of medical 
exposure for an individual patient 
shall be carried out through 
consultation between the 
radiological medical practitioner 
and the referring medical 
practitioner, as appropriate, with 
account taken, in particular for 
patients who are pregnant or 
breast-feeding or paediatric,  
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New BSS 

3.165. Registrants and licensees shall ensure that 

the particular aspects of medical exposures are 

considered in the optimization process for: 

•  Paediatric patients subject to medical exposure; 
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Actions Taken 

1.  Requirements 
2.  Projects in countries 
3.  Website- specific information  
4.  Training material- pediatric 
5.  IAEA Publication 
6.  Networks 
7.  Posters 
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IAEA survey of practice  
in pediatric CT  

in 40 countries in Asia, Europe, 
Latin America, and Africa  

First ever  
study of this kind



40 countries that are participating 

Armenia,  
Belarus,  
Bosnia  & Herz.  
Brazil,  
Bulgaria,  
China,  
Costa Rica, 
Croatia,  
Czech Republic, 
Estonia,  
Indonesia,  

Iran,  
Israel,  
Kuwait,  
Lebanon,  
Lithuania,  
Malaysia,  
Malta,  
Mexico,  
Montenegro, 
Moldova,  
Myanmar,  

Oman,  
Pakistan, 
Paraguay,  
Peru,  
Poland,  
Qatar,  
Serbia,  
Singapore, 
Slovakia, 
Slovenia,  
Sri Lanka  

Sudan,  
Syria,  
Tanzania,  
Thailand,  
The Former 
Yugoslavia 
Republic (FYR) of  
Macedonia,  
United Arab 
Emirates UAE . 

Less resourced countries 
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Findings from these papers 

•  Modern MDCT available in 77% 
•  Dedicated CT protocols in 94% 
•  Protocols for some age groups not available 50% 
•  Indication based protocols used in 57% 
•  CTDIvol for head, chest in some facilities 2-5 

times adults  
•  Up to 100 times variation in radiation dose 
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IAEA Survey in 40 countries 
CT equipment 

after 2005 
65% 

1997 - 2004 
29% 

before 1996 
3% 

unknown 
3% 

Year of installation 

SDCT 
23% 

MDCT with 
2-40 

detectors 
46% 

MDCT with 
>=64 

detectors 
31% 

Number of detector rows 



IAEA Survey in 40 countries 
•  CT equipment 

no 
16% 

yes 
84% 

AEC available? 

no 
21% 

yes 
79% 

Dose display available? 



0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Total (141 answers) 

Europe (60 answers) 

Asia (63 answers) 

Latin America (63 answers) 

Africa (7 answers) 

yes 
no 
don't know 

IAEA Survey in 40 countries 

•  141 radiolographers/ technologists answered 
 Dedicated scanning protocols for pediatric examinations 
available? 



IAEA Survey in 40 countries 
Most commonly used kVp=120 
•  Head CT 

  



IAEA Survey in 40 countries 
Most commonly used kVp=120 

Chest CT   



IAEA Survey in 40 countries 
Most commonly used kVp=120 

Abdomen CT   



RESULTS: Typical exposure parameters  

< 1y 1-5y 5-10y 10-15y Adult 

CTDIvol 
(mGy) 

min  2.3 2.7 5.0 14.5 4.5 

max 97 115 159 250 280 

average 25 33 41 52 67 

median 23 30 36 42 59 

3d quarter 29 38 48 59 75 

DRL in 
CTDIvol 
(mGy) 

UK, 2005 30 45 50 - 65 

Switzerland, 2008 20 30 40 60 

Germany, 2007 33 40 50 60 

France, 2009 30 40 50 - 

CTDIvol – Head examination 



RESULTS: Typical exposure parameters  

< 1y 1-5y 5-10y 10-15y Adult 

CTDIvol 
(mGy) 

min  0.4 0.5 0.5 0.5 4.7 

max 28.4 21.3 27.4 39.9 39.9 

average 5.2 6.0 7.3 9.9 12.3 

median 3.2 4.3 5.4 7.3 10.5 

3d quarter 6.8 7.3 9.3 13.0 15.5 

DRL in 
CTDIvol 
(mGy) 

UK, 2005 12* 13* 20* - - 

Switzerland, 2008 5 8 10 12 - 

Germany, 2007 1.7 2.7 4.3 6.8 - 

France, 2009 3 3.5 5.5 - - 

CTDIvol – Chest examination 

*DRLs in CTDIvol,16 



QUESTIONNAIRE - RADIOLOGIST 

•  129 radiologists answered 
Are written referral guidelines for imaging available in 

your hospital? 

0% 20% 40% 60% 80% 100% 

Africa (7 answers) 

Latin America (8 answers) 

Asia (62 answers) 

Europe (52 answers) YES 
NO 



Lack of availability of previous images 
•  127 radiologists answered 
3.  Are previous images and/or patient dose records required when 

refereeing to CT? 

0% 20% 40% 60% 80% 100% 

Africa (7 answers) 

Latin America (8 answers) 

Asia (62 answers) 

Europe (52 answers) YES 
NO 



QUESTIONNAIRE - RADIOLOGIST 
•  129 radiologists answered 
4.  Is head CT mandatory for a pediatric patient with an accidental 

head trauma? 

0% 20% 40% 60% 80% 100% 

Africa (7 answers) 

Latin America (8 answers) 

Asia (62 answers) 

Europe (52 answers) YES 
NO 



Appropriateness Issues 

Which examination is " the first choice 
examination" in case of:  
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Appropriateness Issues 

Not according to available guidelines in 
•  Accidental head trauma, (not in about 50%. Minor trauma and suspected 

abuse) 
•  Infants with congenital torticollis;  
•  Children with possible ventriculo-peritoneal shunt malfunction and  
•  Young children (<5 years old) with acute sinusitis. 
•  ___________________________________________________ 

Mostly according to guidelines 
•  Infant with hydrocephalus (76% use other than CT) 
•  Child with indication for appendicitis (acute abdominal pain) 
•  Child with persistent headache 
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IAEA Survey in 40 countries 
•  141 radiolographers/ technologists answered 

 Scout image for pediatric patient is performed usually in PA or 
AP projection? 

0% 20% 40% 60% 80% 100% 

Total (141 answers) 

Europe (60 answers) 

Asia (63 answers) 

Latin America (63 answers) 

Africa (7 answers) 

AP 
PA 
Lat 
AP/Lat 
AP/PA 



QUESTIONNAIRE - RADIOGRAPHER 
•  138 radiolographers/ technologists answered 

 Is typical scout image and CT scan of the pediatric abdomen 
extend to the breast (B) or to diaphragm (D)? 

0% 50% 100% 

Europe (60 answers) 

Asia (62 answers) 

Latin America (9 answers) 

Africa (7 answers) 

Diaphragm 
Breast 



Frequency of pediatric CT exams 
95 CT facilities in 28 countries 

Region	
  
Number  
of CT 

facilities	
  

Frequency of pediatric 
examinations in 2007 (%)	
  

Frequency of pediatric 
examinations in 2009 (%)	
  

mean	
     range	
   mean	
     range	
  

Europe 30	
   4.6	
   0.1 – 18.2	
   4.3	
   0.2 – 26.8	
  

Asia 57	
   9.4	
   0.1 – 29.0	
   12.2	
   0.1 – 49.4	
  

Latin America 1	
   -	
   -	
   -	
   -	
  

Africa 7	
   9.6	
   4.2 – 19.7	
   7.8	
   2.2 – 18.2	
  

All countries	
   95	
   7.5	
   0.1 – 29.0	
   9.0	
   0.1 – 49.4	
  



Frequency of pediatric CT exams 
Frequency distribution of pediatric CT exams of head, chest and 
abdomen in 98 facilities in 30 countries in 2009 
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Mean values of tube current utilized for head, chest and abdomen 
exams in function of patient age 

RESULTS: Typical exposure parameters  
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Scanner 

number	
  
mode	
  

Tube 

voltage, kV	
  

Tube 

current, mA	
  
t rot, s	
   Pitch value	
  

CTDIvol, 

mGy	
  
39	
   helical	
   100	
   100	
   0.5	
   0.531	
   10.36	
  
40	
   axial	
   120	
   125	
   1	
   NA 	
   22.19	
  
102	
   axial	
   120	
   240	
   0.5	
   NA	
   21.31	
  
26	
   helical	
   100	
   50-250	
   0.8	
   0.531	
   29.06	
  
29	
   axial	
   120/100	
   200/130	
   1	
    NA	
   24/16	
  
8	
   axial	
   80	
   200	
   0.8	
    NA	
   6	
  

124	
   axial	
   120	
   240	
   0.5	
   0.5	
   21.31	
  
119	
   helical	
   120	
   80	
   0.6	
   0.9	
   10	
  

Protocols for head examination of infant (<1 y) in 8 CT facilities  
with the same 64-detector scanner model (Light Speed VCT, GE) 

Results: Typical exposure parameters 



Scanner 

number	
  
mode	
  

Tube 

voltage, kV	
  

Tube 

current, mA	
  
t rot, s	
   Pitch value	
  

CTDIvol, 

mGy	
  
39	
   helical	
   80	
   129	
   0.5	
   1.3	
   1.89	
  

40	
   helical	
   120	
   120	
   0.5	
   0.984	
   10.21	
  

102	
   helical	
   80	
   240	
   0.5	
   0.984	
   2.64	
  

26	
   helical	
   80	
   100-250	
   0.5	
   0.96	
   4.26	
  

29	
   helical	
   100	
   180	
   0.4	
   0.98	
   3.2	
  

8	
   helical	
   120	
   80	
   0.4	
   1.375	
   4.5	
  

124	
   helical	
   80	
   25	
   0.5	
   0.9	
   0.71	
  

119	
   helical	
   120	
   80	
   0.6	
   0.9	
   10	
  

Protocols for chest examination of infant (<1 y) in 8 CT facilities  
with the same 64-detector scanner model (Light Speed VCT, GE) 

Results: Typical exposure parameters 



QUESTIONNAIRE - RADIOLOGIST 

•  129 radiologists answered 
Who decides whether a CT examination of pediatric 

patient is to be performed? 

0% 20% 40% 60% 80% 100% 

Europe 

Asia 

Latin America 

Africa 

All countries 

both 
radiologist 
referring clinician 



IAEA Survey in 40 countries 

•  141 radiolographers/ technologists answered 
 Indication based protocols available? 

0% 20% 40% 60% 80% 100% 

Total (141 answers) 

Europe (60 answers) 

Asia (63 answers) 

Latin America (63 answers) 

Africa (7 answers) 

yes 
no 
don't know 
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IAEA Survey in 40 countries 

•  141 radiolographers/ technologists answered 
 Are any immobilization means available, e.g. swaddling 
clothes, straps, etc.? 

0% 20% 40% 60% 80% 100% 

Total (141 answers) 

Europe (60 answers) 

Asia (63 answers) 

Latin America (63 answers) 

Africa (7 answers) 

Yes 
No 
Don't know 
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IAEA Survey in 40 countries 

•  141 radiolographers/ technologists answered 
 How often is sedation used for small children (< 5 y old)? 

0% 20% 40% 60% 80% 100% 

Total (141 answers) 

Europe (60 answers) 

Asia (63 answers) 

Latin America (63 answers) 

Africa (7 answers) 

Hardly ever 
in <50% 
in>50% 
always 
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IAEA Survey in 40 countries 

•  141 radiolographers/ technologists answered 
 How often does CT examination of pediatric patient need 
supporter in the room? 

0% 20% 40% 60% 80% 100% 

Total (141 answers) 

Europe (60 answers) 

Asia (63 answers) 

Latin America (63 answers) 

Africa (7 answers) 

Hardly ever 
in <50% 
in>50% 
always 
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IAEA Survey in 40 countries 

•  141 radiolographers/ technologists answered 
 Is a medical physicist available? 

0% 20% 40% 60% 80% 100% 

Total (141 answers) 

Europe (60 answers) 

Asia (63 answers) 

Latin America (63 answers) 

Africa (7 answers) 

Yes 
No 
Don't know 



IAEA Survey in 40 countries 

•  141 radiolographers/ technologists answered 
 Do you keep records of patient doses? 

0% 20% 40% 60% 80% 100% 

Total (141 answers) 

Europe (60 answers) 

Asia (63 answers) 

Latin America (63 answers) 

Africa (7 answers) 

Yes 
No 
Don't know 



•   In 8.2% of the scanners CTDI values for 
pediatric patients were higher than for adults in 
at least one age group and one examination.  

•  In 40% facilities the scanning protocols were not 
adapted to the body size. 

•  In 13% of them the same protocol was used for 
all age groups.  

Results: Typical exposure parameters 
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•  28 countries, but dose information from 19 countries of 
Africa, Asia and Eastern Europe 

•  The frequency of paediatric CT examinations was 20% 
(Africa), 16% (Asia) and 5% (E. Europe) of all CT 
examinations in participating centres  

•  Eleven CT facilities in six countries were found to use adult 
CT exposure parameters for paediatric patients 

•  The CTDIw variations ranged up to a factor of 55 (Africa), 
16.3 (Asia) and 6.6 (Eastern Europe).  

•  The corresponding DLP variations ranged by a factor of 10, 
20 and 8 respectively.  

•  Generally, the CTDIw and DLP values in Japan are lower 
than corresponding values in three regions in this study.  
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Actions Taken 

1.  Requirements 
2.  Projects in countries 
3.  Website- specific information  
4.  Training material- pediatric 
5.  IAEA Publication 
6.  Networks 
7.  Posters 
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http://rpop.iaea.org 

15 million hits/y 
≈0.23 million visits/y, 190 countries 54 
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Actions Taken 

1.  Requirements 
2.  Projects in countries 
3.  Website 
4.  Training material 
5.  IAEA Publication 
6.  Networks 
7.  Posters 





Power Point Slides (not pdf) 



Actions Taken 

1.  Requirements 
2.  Projects in countries 
3.  Website 
4.  Training material 
5.  IAEA Publication 
6.  Networks 
7.  Posters 



68 

•  Release Dec. 2012 
•  Image Gently involved in 

reviewing 

•  Will be available for free 
download from RPOP 
website 
http://rpop.iaea.org  
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Actions Taken 

1.  Projects in countries 
2.  Website 
3.  Training material 
4.  IAEA Publication 
5.  Networks 
6.  Posters 
 



 
 

Network of Health Professionals on Radiation Protection of 

Children 2010 
 

•  Armenia, Bulgaria, 
Belarus, Croatia, Czech 
Republic, Greece, 
Lithuania, The 
Frmr.Yug.Rep. of 
Macedonia, Malta, 
Montenegro, Republic of 
Moldova, Poland, 
Portugal, Slovenia, 
Slovenia, Slovakia, 
Serbia, Serbia, Tajikistan 

•  Bangladesh, China, 
Indonesia, Iran, Israel, 
Lebanon, Malaysia, 
Myanmar, Oman, 
Pakistan, Philippines, 
Qatar, Singapore, Sri 
Lanka, Thailand, UAE 

•  Brazil, Costa Rica, Cuba, 
Jamaica, Mexico, Peru, 
Uruguay, Venezuela.  





Network  
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• When to say that it is  
• safe 
• on border line 
• Unsafe 

• How to say? 
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Recap 

1.  Radiation sensitivity of children 
2.  What are issues? 
3.  What are we doing? 

a.  Projects in countries 
b.  Website 
c.   Training material 
d.  IAEA Publication 
e.   Networks 
f.   Posters 
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madan.rehani@gmail.com 


