
Radia%on dosimetry in  
paediatric head CT examina%ons


Efstathios P. Efstathopoulos

Professor of Medical Physics


School of Medicine

Na%onal and Kapodistrian University of Athens




Introduc%on




o  Pediatric dosimetry has unique characteris%cs: children 
have longer life expectancy and a much higher 
radiosensi%vity due to their rapidly dividing cells





o  In head Computed Tomography (CT), the lens of the eye is 
of great concern since recent studies support that the 
threshold for cataract forma%on is much lower than the 
previously considered dose level (2-5 Gy). 




Introduc%on




o  Paediatric pa%ents are suscep%ble to radia%on-induced 
risks due:

ü to their rapidly growing %ssues 

ü the wide and increased cellular distribu%on of skeletal 

ac%ve marrow

ü Their long post-exposure life expectancy





o  In the literature there are limited data concerning 
radia%on doses for paediatric head CT







Purpose




To present x-ray dosimetry measurements for paediatric 
head CT examina%ons performed in public hospitals in 
Athens.


	



Methods






We present a review of x-ray dosimetry results, measured and 
calculated by the Medical Physics Unit of 2nd Department of 
Radiology, School of Medicine, Na%onal and Kapodistrian 
University of Athens, from head CT examina%ons performed 
in public hospitals in Athens.


	



Methods: 1st Study (‘’in-vivo’’ measurements)

 
o  35 pediatric pa%ents who underwent head CT 

examina%ons on a 16-slice CT scanner in a dedicated 
children’s hospital


o  3 age groups: 0-18 mo (group A), 18 mo-5 yr (group B) and 
5-15 yr (group C) according to the Department’s protocol


o  Use of itera%ve reconstruc%on algorithm, axial mode and 
automa%c exposure technique


o  Gantry %lt was used in all scans to keep eyes outside the 
primary radia%on beam. For each pa%ent, 4 TLDs were 
placed on the center of both eyes


	



Methods: 2nd Study



o  Included 3 hospitals: 2 paediatrics (PH1, PH2) and 1 general 

(GH1)


o  306 head CT examina%ons from paediatric pa%ents were 
retrospec%vely reviewed 


o  Age-adjusted scanning protocols 


o  Acquisi%on se`ngs and dosimetric data were extracted from 
the DICOM header and recorded  


o  Effec%ve dose (ED) calculated by u%lizing age-specific DLP-to-
ED k-conversion coefficients (ICRP 103 %ssue weigh%ng factors 
adopted)




Methods: 3rd Study

 

o  481 pediatric pa%ents who underwent head CT 
examina%ons on a 16-slice CT scanner in a dedicated 
children’s hospital


o  3 age groups: 0-18 mo (group A), 18 mo-5 yr (group B) and 
5-16 yr (group C) according to the Department’s protocol


o  Use of itera%ve reconstruc%on algorithm, axial mode and 
automa%c exposure technique


o  Gantry %lt was used in all scans to keep eyes outside the 
primary radia%on beam. 


 
	



Results: 1st study (‘’in-vivo’’ measurements) 


Eye lens dose 
(mGy)


Effec%ve dose 
(mSv)


Group A
 10.5±3.3 
 1.6±0.4


Group B
 29.9±8.6 
 1.9±0.3


Group C
 34.2±14.9 
 1.8±0.3






Results: 2nd study PH1




Results: 2nd study PH2




Results: 2nd study GH




Results: 2nd study – Effec%ve dose




Results: 3rd study – Pa%ent popula%on


Age group
 0-18 mo
 18 mo-5 yr
 5yr-16 yr


Clinical indica%on
 Trauma, Tumor, Ventricles, Headache, Epilepsy


No of examina%ons
 81
 99
 301


Male/Female
 52/29
 53/31
 185/116


Age (yr)
 0.62±0.59
 3.35±1.08
 10.14± 2.86


Weight (kg)
 8.80±8.48
 15.73±5.34
 40.18±15.77


Height (m)
 0.70±0.20
 1.00±0.15
 1.43±0.19




Results: 3rd study – Acquisi%on parameters


Age group
 0-18 mo
 18 mo-5 yr
 5yr-16 yr


Mode
 axial
 axial
 axial


kVp
 100
 120
 120


Slice Thickness (mm)
 2.5/5
 2.5/5
 2.5/5


Rota%on %me (sec0
 1
 1
 1


Noise index
 8.80±8.48
 15.73±5.34
 40.18±15.77


Pitch
 1
 1
 1




Results: 3rd study – Dosimetric parameters


Age group
 0-18 mo
 18 mo-5 yr
 5yr-16 yr


DLP (mGy*cm)
 356.7±163.8
 578.4±185.5
 765.6±256.1


Effec%ve dose (mSv)
 1.75±0.80
 1.79±0.58
 1.76±0.79




Discussion




o  CT protocols varied in terms of acquisi%on parameters and 
scanning mode but effec%ve doses were comparable 
among the various hospitals for the same age group


o  Accurate pa%ent’s posi%oning and children’s coopera%on 
are important parameters for the reduc%on of eye lens 
dose. 




Conclusion



In every hospital that treats paediatric pa%ents it is necessary:




o  Standardiza%on of paediatric CT protocols. The European 
Guidelines on Diagnos%c Reference Levels (DRLs) for 
Paediatric Imaging has proposed age-based protocols for 
head CT examina%ons and weight-based protocols for body 
CT examina%ons.





o  Thorough op%miza%on, use and revision of DRLs of CT 
protocols


o  Con%nuous educa%on and training on radia%on protec%on 
aspects 




Conclusion




o  Establishment of a Radia%on Protec%on Culture in every 
Radiology Department: ‘’The combina.on of knowledge, 
values, behaviors and experience of radia.on protec.on 
(RP) in all its aspects for pa.ents, workers, popula.on and 
environment, and in all exposure situa.ons, combining 
scien.fic and social dimensions’’*. 


o  Collabora%on among physicians, medical physicists, nurses, 
and manufacturers.


*IRPA,	Guiding	Principles	for	Establishing	a	Radia;on	Protec;on	Culture,	Edi;on	2014	



All the aforemen%oned (op%miza%on, use and revision of 
DRLs, educa%on) are highlighted in the new Basic Safety 
Standard Direc%ve 2013/59 Euratom.
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Thank you for your amen%on



