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1997: Review of situation in ICRP 
• There were no cases of skin injuries from CT 
• There was no momentum on cancer risk 

estimates from CT scans 
• Manufacturers not really concerned about 

patient doses as hardly customers asked for it 
• Most emphasis on faster and faster CT 

scanners 
 



 
 

• 1999- ICRP sets up a Task Group on Patient 
doses in CT 
 



Task Group 

• M.M. Rehani (Chairman)  
• Members: 

– G. Bongartz (Switzerland);  S.J. Golding (UK);   
L. Gordon (Sweden); W. Kalender (Germany);     
T. Murakami (Japan); P. Shrimpton (UK) 

• Corresponding members:  
– R. Albrecht (USA) and K.Wei (China) 
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ICRP Publication 87 (2001) 
 

 

 

 
– Editorial in Br Med J in March 2000 

Rehani & Berry 



Reactions- USA 



Manufacturer orientation in ICRP 87 





AJR issue with many articles & Editorial 

Brenner, Lee Rogers, Paterson, Donolly, Nickoloff, Haaga   



 



Era on ATTENTION to radiation in CT 

Manufacturers vying with 
each other on Radiation 

Dose 



After ICRP 87 
• Spiral CT 1999-2000 
• 2000-2003: Doses in MDCT are higher  
• Newer applications 
• Potential for 

– Steep increase in usage 
– Multiple CT examination 

• Watched literature on patient doses 



2005: ICRP 
• Established another TG on Patient dose 

Management in MDCT 
• Chair: Madan Rehani 
• Others members: 

– M.K. Kalra, USA 
– C.H. McCollough, USA 
– H.D. Nagel, Germany 

• Corresponding members 
– L. Collins, NSW, Australia 
– W. Kalender, Erlangen, Germany 



ICRP Publication 102, 2007 
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Single most important 
point in new 

document 
Be aware!! 

About image quality that you are 
using 

Guidance on HOW to optimize 



CT perfusion with DSA  

Imanishi et al. Eur Radiol. 2005 Jan;15(1):41-6  

This can also happen 



4 Major culprits in increasing dose  

–Shorter scanning times (time is intuitive, 
that it may result in lesser radiation dose- 
very little if any, published data available 
on this), 

–Image quality higher than necessary 
(knowledge), 

–Unjustified examinations, 
–Not using the features that the machine 

provides 



Time for CHANGE 
Played role 
• Presaging  problem  
• Developing guidance (Emphasizing on 

application of ICRP principle principles) 
 

Current situation: 
• Manufacturer-radiation dose TOP on the agenda 
• Momentum among users on optimization 
• Growing momentum on justification 
 



Cone Beam CT 
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www.icrp.org 

ICRP 



d 
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IAEA 

IAEA 



Common Impression 

• Super regulator 
• Use only Top Down approach (developing 

regulation, enforecement…) 
 
 
 

Bottom-up approach 
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40 Less resourced countries 

Armenia (1), 
Belarus (1),  
Bosnia  & Herz (3)  
Brazil (5),  
Bulgaria (12), China 
(3),  
Costa Rica (1), 
Croatia (3),  
Czech Republic (6), 
Estonia (2), 
Indonesia (1),  

Iran (10),  
Israel (7),  
Kuwait (5),  
Lebanon (6), 
Lithuania (3), 
Malaysia (5),  
Malta (1),  
Mexico (2), 
Montenegro (1), 
Moldova (5), 
Myanmar (1),  

Oman (1),  
Pakistan (5), 
Paraguay (3), Peru 
(1),  
Poland (1),  
Qatar (1),  
Serbia (3), 
Singapore (1), 
Slovakia (4), 
Slovenia (1),  
Sri Lanka (2) 

Sudan (3),  
Syria (8),  
Tanzania (3), 
Thailand (2),  
The Former 
Yugoslavia Republic 
(FYR) of  
Macedonia (5),  
United Arab 
Emirates UAE (15). 
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Countries (scanners) 146 CT facilities at 126 hospitals  

First such multi-national study  



IAEA study covering 40 countries 

1. Technology 
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IAEA Survey in 40 less resourced 
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 less resourced 
countries 

• CT equipment 

AEC 
availa
ble? 
0% 

no 
16% 

yes 
84% 

AEC (TCM) available? 

no 
21% 

yes 
79% 

Dose display available? 



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

Total (141 answers) 

Europe (60 answers) 

Asia (63 answers) 

Latin America (63 answers) 

Africa (7 answers) 

yes 

IAEA Survey in 40 countries 
• 141 radiolographers/ technologists answered 
 Dedicated scanning protocols for pediatric examinations 

available? Yes, in overall 94% 
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IAEA Survey in 40 countries 

• 141 radiolographers/ technologists answered 
Indication based protocols? Available in about 58% 

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 study covering 40 countries 

1. Technology 

2. Pediatric CT practice 
a. Technique 
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IAEA Survey in 40 countries 
Most commonly used kVp=120 

Head CT 
 

 

 

  



IAEA Survey in 40 countries 
Most commonly used kVp=120 Chest CT  [80-110 in 30% in 

newborn and 12% only for older] 



Mean values of tube current utilized for head, chest and abdomen exams w.r.t patient 
age 

RESULTS: Typical exposure parameters  
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IAEA Survey in 40 countries 
• 138 radiolographers/ technologists answered 

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

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

Europe (60 answers) 

Asia (62 answers) 

Latin America (9 answers) 

Africa (7 answers) AP 

PA 

Lat 

AP/Lat 

AP/PA 



Scout Image 
Recommendations given 
• 80 kVp instead of 120 kVp,  
• minimum X-ray tube current,  
• 180° tube position (PA projection)  
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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 

16% extends to breast 



IAEA study covering 40 countries 

1. Technology 
2. Pediatric CT practice 

a. Technique 
b. Dose 
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Mode 
Tube 
voltage, kV 

Tube 
current, mA 

t rot, s Pitch value CTDIvol, mGy 

helical 80 129 0.5 1.3 1.89 
helical 120 120 0.5 0.984 10.21 
helical 80 240 0.5 0.984 2.64 
helical 80 100-250 0.5 0.96 4.26 
helical 100 180 0.4 0.98 3.2 
helical 120 80 0.4 1.375 4.5 
helical 80 25 0.5 0.9 0.71 
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  
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Scope for improvement and harmonization 



CTDIvol – Abdomen examination 

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

CTDIvol 
(mGy) 

min  0.8 0.8 2.0 2.0 2.0 

max 40.1 75.0 29.8 45.0 61.0 

average 8.0 11.2 9.0 11.4 16.2 

median 5.0 6.3 7.6 9.6 13.4 

3d quarter 10.7 13.0 12.0 14.3 18.2 

DRL in 
CTDIvol 
(mGy) 

UK, 2005 20* 20* 30* - 14 

Switzerland, 2008 7 9 13 16 - 

Germany, 2007 2.5 4 6.5 10 - 

France, 2009 4 4.5 7 - - 

*DRLs in CTDIvol,16, Swiss as displayed by scanner, others 32 
cm 



Chest & Abdomen 

• CTDIvol, values are similar or higher than the 
DRL values in UK and Switzerland, with a 
maximum difference of 53% for age group <1 y.  

• Compared with the DRLs in France, values from 
this survey are higher by 42-63%, but they are 
higher than the DRL values in Germany by 85 – 
320 %.  
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Head CT 
• CTDIw values were higher than the latest UK DRL 

values for children by,  
– 62% for age group <1y,  
– 27% for (1-5) y,  
– 22% for (5-10) y.   

• The third quartile CTDIvol values are lower by 3 to 
16% than the DRLs in UK, Germany and France, 
depending on the age group, but they are higher than 
corresponding values in Switzerland by up to 45%. 

• Gantry tilt or patient head repositioning was 
applied by more than 75% of operators 
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IAEA study covering 40 countries 

1. Technology 
2. Pediatric CT practice 

a. Technique 
b. Dose 
c. Appropriateness  
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QUESTIONNAIRE - RADIOLOGIST 
• 129 radiologists answered 

Are written referral guidelines for imaging available in 
your hospital? Not available in about Half 

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 study covering 40 countries 

1. Technology 
2. Pediatric CT practice 

a. Technique 
b. Dose 
c. Appropriateness 
d. Frequency   
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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 



IAEA study covering 40 countries 

1. Technology 
2. Pediatric CT practice 

a. Technique 
b. Dose 
c. Appropriateness 
d. Frequency 
e. Referral    
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QUESTIONNAIRE - RADIOLOGIST 
• 129 radiologists answered 

Who decides whether a CT examination of pediatric 
patient is to be performed? 

0% 50% 100% 

Europe 

Asia 

Latin America 

Africa 

All countries 

both 

radiologist 

referring clinician 



IAEA study covering 40 countries 

1. Technology 
2. Pediatric CT practice 

a. Technique 
b. Dose 
c. Appropriateness 
d. Frequency 
e. Referral  
f. Patient support & sedation  
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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 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 
 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 study covering 40 countries 
1. Technology 
2. Pediatric CT practice 

a. Technique 
b. Dose 
c. Appropriateness 
d. Frequency 
e. Referral  
f. Patient support & sedation 

3. Publications  
Rehani. ICRP & IAEA- Rad Prot in 
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Results under publication in 3 papers 

 • Paper I: Frequency of use and Appropriateness 
(Already accepted AJR) 

• Paper-II: Procedures and Protocols (Submitted 
AJR).  

• Paper- III: Impact assessment of optimization actions 
as identified in Paper II above (Likely to be submitted in 
Dec.11/Jan.2012) 
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FREE Download from 
http://rpop.iaea.org  
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>5000 downloads in last 2 years 

http://rpop.iaea.org/�
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IAEA study covering 40 countries 
1. Technology 
2. Pediatric CT practice 

a. Technique 
b. Dose 
c. Appropriateness 
d. Frequency 
e. Referral  
f. Patient support & sedation 

3. Publications 
4. Training material   
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IAEA Training Material on 
Radiation Protection in 

Diagnostic and Interventional Radiology 

in collaboration with 

Version: January 2005 
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While DOING is best way to 
communicate message and to learn, there 
is limited outreach of projects aimed at 

making people do 
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IAEA study covering 40 countries 
1. Technology 

2. Pediatric CT practice 
a. Technique 

b. Dose 

c. Appropriateness 

d. Frequency 

e. Referral  

f. Patient support & sedation 

3. Publications 

4. Training material 

5. Website  
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http://rpop.iaea.org 

10 million hits/y 
≈ 200,000 visits/y, 190 countries Rehani. ICRP & IAEA- Rad Prot in CT 66 
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Is there information from the IAEA for PATIENTS? 
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Our Challenges 
• Common goal but 

different settings 
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30 countries in our study are non-English 
Medical physicist!! 



Some participants in projects 
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“Whatever you do 
will be insignificant, 
but it is very 
important that you 
do it” 
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M.Rehani@iaea.org 
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