
 46 D I  E U R O P E  MARCH 2017

By Dr B Morel, Dr  A Bouëtté, Dr P Lévy, Dr G Antoni, Dr F Chalard, Dr E Blondiaux & Dr H Ducou Le Pointe

Reducing dose with an automatic tube 
potential selection system: application 
to pediatric head Ct scans in infants

Computed tomography (CT) is an extremely valuable diagnos-
tic tool, and its use has rapidly increased over the past several 
decades [1]. However it is also a substantial source of radiation 
exposure. The issue of radiation exposure in children is of 
particular importance — radioprotection for children is one 
of the major priorities of radiologists since increased risks of 
leukemia and brain cancer have been linked to an increase in 
radiation exposure, even probably at low dose [2, 3]. 
As a result much effort has been expended to restrict radio-
logical examinations in children to only those that are strictly 
indicated. Head and cervical CT scans represent 60% of the 
CT examinations carried out in children under 5 years of age 
[4]. In infants, brain structures are small and the differentiation 
between grey and white matter is poor. The appropriateness of 
the scan, i.e. the existence of a proper indication, the unavail-
ability of an alternative imaging modality such as ultrasound 
or MRI, is an important consideration. In addition, the CT 

protocol itself must be considered and optimized as a function 
of the age and size of the child [5,6]. In agreement with the 
Image Gently CT program improvement [5] and following the 
principles  of ALARA (As Low As Reasonably Achievable) [7], 
we focused our attention on optimizing the image quality of 
unenhanced head CT scans in a population of children under 
one year of age.
The automatic tube potential selection system (ATPS) (CARE 
kV, Siemens Healthcare, Forchheim, Germany) is designed 
to automatically choose the most appropriate tube voltage 
and to accordingly adjust intensity to deliver the lowest dose 
achievable while preserving a constant Contrast-to-Noise ratio 
(CNR) [8]. The estimated dose is calculated from specific tube 
current time product curves for all of the voltage levels to 
determine the optimal dose efficiency. 
In practice, using CARE kV requires first that the users select 
a reference voltage, quality reference mAs, and an identifying 
code number from 1 through 12 which reflects the type of 
study that they wish to carry out (e.g. unenhanced, CTA, etc.).

stuDy DesIgn 
Full details of our study can be found in Morel B, Bouëtté A, 
Lévy P, et al. Optimization of the pediatric head computed tomog-
raphy scan image quality: Reducing dose with an automatic tube 
potential selection in infants. J Neuroradiol. 2016;43:398–403 
[9]. The objective of our study was to evaluate the impact of 
an automatic tube potential selection system (ATPS) on the 
delivered dose and image quality in unenhanced head CT 
scans of infants. The local institutional review board approved 
this single center prospective study. Three senior pediatric 
radiologists were blinded and examined 40 patients (2 groups 
of 20 patients) in succession.  All patients were under 1 year 
of age and underwent unenhanced head CT scans with a 
64-section multidetector row CT scanner (Somatom AS+, 
Siemens AG, Forchheim, Germany) from December 2014 to 
March 2015. Patients were not sedated. We evaluated the impact 
of the ATPS on both delivered doses as well as on qualita-
tive and quantitative measures of brain CT image quality.  
The choice of structures was based on those defined in the 
European Guidelines on Quality Criteria for Computed 
Tomography [10] and on the scale previously used by Kilic et 
al. [11]. The choice concentrated on typical parameters of image 
quality. The two groups were homogenous, with no statistical dif-
ference in age or cranial perimeter. All the CT scans were normal.
All acquisitions in group 1 were performed with the tube volt-
age set at 120 kVp, while the tube voltage selected by CARE kV 
was 100 kVp in all cases in  the second group.
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This article summarises a recent 
study of the use of an Automatic Tube 
Potential System (ATPS) in CT scans 
of the head in pediatric patients. The 
results showed that ATPS significantly 
reduces the delivered dose in  unen-
hanced cranial CT scans in infants, 
while maintaining quantitative and 
qualitative image quality
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It was found that the use of the ATPS 
resulted in a significant reduction in the 
delivered dose (-21%, p=0.0005) with no 
significant difference of the Contrast to 
Noise Ratio in the supra (-5%, p=0.21) and 
infratentorial regions (+16%, p=0.96). 
Activation of the automatic tube potential 
selection did not induce significant modi-
fication in the qualitative analysis of image 
quality by all criteria. 

DIsCussIOn
It was found that automatic tube potential 
selection is effective in maintaining quan-
titative and qualitative image quality while 

significantly reducing the delivered dose on 
unenhanced cranial CT scans in infants, by 
choosing the most appropriate tube voltage 
(100 kV in our population). The use of an 
automatic tube potential selection system 
also means that there is a need for only 
one pediatric head CT scan protocol, which 
makes daily routine easier in practice, in 
comparison to the need for having different 
CT scan protocols depending on the age of 
the patients. 
Our results are consistent with those of 
previous studies on enhanced thoracic and 
abdominal  and adult or pediatric  head CT 
scans [8,12,13 respectively] .

Several studies have also described  the 
advantage of automatic tube potential 
selection by significantly reducing radia-
tion dose in abdominal and chest CT in 
combination with automatic tube current 
modulation [14] or with Iterative Recon-
struction [15].
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figure 1: Regions of interest for the measurement of contrast and noise. Left panel: supratentorial frontal grey matter 
(ROI 1) and periventricular white matter (ROI 2). Right Panel: right cerebellar peduncle (ROI 3) and right cerebellar white 
matter (ROI 4).  Images reproduced courtesy of J of Neuroradiology [9]. 

figure 2: Examples of axial CT scan slices of the supratentorial space of the group 1 (image A, CTDIvol = 32.2 mGy) and 
the group 2 after activation of an automatic tube potential selection (image B, CTDIvol = 18.7 mGy). Images reproduced 
courtesy of J of Neuroradiology [9]. 


