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Abstract 

Purpose 

The objective of our study was to evaluate the impact of an automatic tube potential selection 

(ATPS) on the delivered dose and image quality in unenhanced head CT scans of infants. 

Material and Methods 

Unenhanced head CT scans were acquired before and after the introduction of an ATPS in full 

automatic mode in 2 groups of 20 patients under 1 year of age. The delivered dose (CDTIvol) 

as the quantitative (Contrast-to-Noise Ratio) and qualitative (based on the European CT 

criteria) image quality were compared on the supra and infratentorial regions by three senior 

pediatric radiologists. Mann-Whitney and Fisher Exact tests were performed. An 

interobserver Fleiss’s Kappa agreement was calculated for each criterion. 

Results 

The use of an ATPS allowed a significant reduction in the delivered dose (-21%, p=0.0005) 

with no significant difference of the Contrast to Noise Ratio in supra (-5%, p=0.21) and 

infratentorial region (+16%, p=0.96). In all cases, reduction of dose was obtained with the 

same value of 100 kV. It maintained a good qualitative image quality (e.g., differentiation 

between grey and white matter in supra-tentorial region: p=0.470). The interobserver Fleiss's 

Kappa agreements were good to excellent. 

 

Conclusion 



 

 

An automatic tube potential selection is a tool that can significantly reduce the delivered dose 

by choosing the most appropriate tube voltage while maintaining image quality in unenhanced 

head CT scans of infants. 
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Introduction 

Computed tomography (CT) is an extremely valuable diagnostic tool, and its use has rapidly 

increased over the past decade [1]. We must be vigilant, particularly to children: the increasing 

risks of leukemia and brain cancer are linked to an increase in radiation exposure, even 

probably at low dose [2,3]. At high doses, age at exposure greatly affects lifetime risk [4]. But 

it is still desirable to base decisions on clinical utility for the patient without resorting to 

individual cancer risk estimation [5]. Head and cervical CT scans represent 60% of the CT 

examinations done in children under 5 years of age [6]. Efforts are made to conduct only 

strictly indicated examinations. With our new 64 sections CT scanner and standard acquisition 

protocol, image quality has been good in daily examinations, with delivered dose lower 

compared to the national diagnostic reference levels [7]. However, difficulty in interpretation 

was sometimes encountered, particularly on the children under 1 year of age, due to a 

subjectively lower image quality. In infants, brain structures are small and the differentiation 

between grey and white matters is poor. Appropriateness of the scan (proper indication, no 

other technique as ultrasound or MRI available) associated with technique adjusted to the age 



 

 

and size of the child (optimization) are important considerations [8–10]. In concert with the 

Image Gently CT program improvement [8] and practice of ALARA [11], we focused our 

attention on optimizing the image quality of the unenhanced head CT scan in this particular 

population. 

Iterative reconstruction and automatic exposure control (CareDose4DTM) can significantly 

improve the reference image quality in a pediatric anthropomorphic whole body phantom [12]. 

An automatic tube potential selection (ATPS) (CARE kVTM, Siemens Healthcare, Forchheim, 

Germany) is designed to automatically choose the most appropriated tube voltage and to 

accordingly adjust intensity to deliver the lowest dose achievable while preserving a constant 

Contrast-to-noise ratio (CNR) [13]. The estimated dose is calculated based on a specific tube 

current time product curves for all of the voltage levels to determine the optimal dose 

efficiency. Using CARE kVTM requires first that the users pick a reference voltage, quality 

reference mAs, and a number from 1 through 12 reflecting the type of study that they are 

going to perform (i.e. unenhanced, CTA, etc.).  

The purpose of this study was to evaluate the impact of an automatic tube potential selection 

during an optimization process of the image quality of unenhanced head CT scans in two 

groups of 20 infants. 

Materials and Methods 

Study Description 

The local institutional review board approved this single center prospective study. Three 

senior pediatric radiologists blindly and successively examined 40 patients (2 groups of 20 

patients) under 1 year of age who 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. The indications of the CT scan were traumatism, seizures, 



 

 

and acute headache in emergency. Patients were not sedated. We evaluated the impact of an 

ATPS on both delivered doses, as well as the qualitative and quantitative measures of brain 

CT image quality.  

Scanning protocols 

A lateral scout image with 100kVp and 35 mA was obtained to define the scan area prior to 

helical CT imaging. The acquisition and reconstruction parameters are given in Table 1. All 

CT scans were operated with 1-s rotation time, 230-mm field of view, pitch of 0.6 and 

collimation of 128 × 0.6 mm. Automatic intensity modulation was always activated with 

quality reference mAs at 400mAs and strong level of modulation. Images were reconstructed 

with 2 mm section with a medium-smooth J30s kernel for soft-tissue brain images 

reconstruction. The iterative reconstruction strength (SAFIRE) was set at 3 on a scale of 5. 

The only modification between the first group and the second group of patients was the 

activation of an automatic tube potential selection (CARE kVTM, Siemens Healthcare, 

Forchheim, Germany) with full automatic mode. The cursor was positioned at 3, as 

recommended for unenhanced CT scan acquisition by the manufacturer, with the minimum 

possible tube voltage fixed at 80kVp. For the first group, the tube voltage was fixed at 

120kVp, while for the second group the selected the tube voltage could vary between 120kVp 

and 80kVp 

Dose assessment 

All the following CT scan parameters were reported automatically via the Dose achieving and 

communication system (DACS) with a patient-dose monitoring software (DosewatchTM, GE): 

CTDIvol, patient age, tube voltage (kVp), and mean tube intensity (mA) for acquisitions. The 

accuracy of the displayed CTDIvol and DLP of the manufacturer was regularly tested by a 

quality control program from our institution with a 16 cm phantom. 



 

 

 

Image quality assessment 

Patients with images degraded by severe streak artifacts due to foreign bodies or movement of 

the head were excluded from the study. 

Quantitative analysis 

Signal intensity was defined as CT attenuation in Hounsfield units; image noise was 

determined to be the Standard Deviation (SD) of CT attenuation within a region of interest. 

Three repeated averaged CT attenuation measurements were acquired by using circular ROIs 

of 40 mm2 placed in normal cortical frontal anterior grey matter and adjacent normal white 

matter periventricular structure for the supratentorial parenchyma, and right cerebellar 

peduncle, cerebellar white matter for infratentorial structure, by using soft-tissue brain images 

reconstruction. ROIs were adjusted to fit the measured anatomic structure and to avoid 

volume-averaging artifacts (Figure 1). 

Supratentorial contrast (C) was defined as the difference between signal intensity on the 

supratentorial frontal grey matter and signal intensity in the normal periventricular white 

matter. 

𝐶𝑠𝑢𝑝𝑟𝑎𝑡𝑒𝑛𝑡𝑜𝑟𝑖𝑎𝑙 =  𝑆𝑠𝑢𝑝𝑟𝑎𝑡𝑒𝑛𝑡𝑜𝑟𝑖𝑎𝑙 𝑓𝑟𝑜𝑛𝑡𝑎𝑙 𝑔𝑟𝑒𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 − 𝑆𝑝𝑒𝑟𝑖𝑣𝑒𝑛𝑡𝑟𝑖𝑐𝑢𝑙𝑎𝑟 𝑤ℎ𝑖𝑡𝑒 𝑚𝑎𝑡𝑡𝑒𝑟 

Infratentorial contrast was defined as the difference between signal intensity on the right 

cerebellar peduncle and the right cerebellar white matter. 

𝐶𝑖𝑛𝑓𝑟𝑎𝑡𝑒𝑛𝑡𝑜𝑟𝑖𝑎𝑙 = 𝑆𝑟𝑖𝑔ℎ𝑡 𝑐𝑒𝑟𝑒𝑏𝑒𝑙𝑙𝑎𝑟 𝑝𝑒𝑑𝑢𝑛𝑐𝑙𝑒 − 𝑆𝑟𝑖𝑔ℎ𝑡 𝑐𝑒𝑟𝑒𝑏𝑒𝑙𝑙𝑎𝑟 𝑤ℎ𝑖𝑡𝑒 𝑚𝑎𝑡𝑡𝑒𝑟 

Noises in the supratentorial region and in the cerebellum were calculated using the following 

formulas: 



 

 

𝑁𝑠𝑢𝑝𝑟𝑎𝑡𝑒𝑛𝑡𝑜𝑟𝑖𝑎𝑙 = √𝑁𝑠𝑢𝑝𝑟𝑎𝑡𝑒𝑛𝑡𝑜𝑟𝑖𝑎𝑙 𝑓𝑟𝑜𝑛𝑡𝑎𝑙 𝑔𝑟𝑒𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 
2 + 𝑁𝑝𝑒𝑟𝑖𝑣𝑒𝑛𝑡𝑟𝑖𝑐𝑢𝑙𝑎𝑟 𝑤ℎ𝑖𝑡𝑒 𝑚𝑎𝑡𝑡𝑒𝑟

2 

𝑁𝑖𝑛𝑓𝑟𝑎𝑡𝑒𝑛𝑡𝑜𝑟𝑖𝑎𝑙 = √𝑁𝑟𝑖𝑔ℎ𝑡 𝑐𝑒𝑟𝑒𝑏𝑒𝑙𝑙𝑎𝑟 𝑝𝑒𝑑𝑢𝑛𝑐𝑙𝑒
2 + 𝑁𝑟𝑖𝑔ℎ𝑡 𝑐𝑒𝑟𝑒𝑏𝑒𝑙𝑙𝑎𝑟 𝑤ℎ𝑖𝑡𝑒 𝑚𝑎𝑡𝑡𝑒𝑟

2 

Supratentorial CNR was calculated as the ratio between contrast and noise as previously 

defined [14,15] and was the primary quantitative analysis criterion. 

𝐶𝑁𝑅𝑠𝑢𝑝𝑟𝑎𝑡𝑒𝑛𝑡𝑜𝑟𝑖𝑎𝑙 =
𝑆𝑠𝑢𝑝𝑟𝑎𝑡𝑒𝑛𝑡𝑜𝑟𝑖𝑎𝑙 𝑓𝑟𝑜𝑛𝑡𝑎𝑙 𝑔𝑟𝑒𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 − 𝑆𝑝𝑒𝑟𝑖𝑣𝑒𝑛𝑡𝑟𝑖𝑐𝑢𝑙𝑎𝑟 𝑤ℎ𝑖𝑡𝑒 𝑚𝑎𝑡𝑡𝑒𝑟

√𝑁𝑠𝑢𝑝𝑟𝑎𝑡𝑒𝑛𝑡𝑜𝑟𝑖𝑎𝑙 𝑓𝑟𝑜𝑛𝑡𝑎𝑙 𝑔𝑟𝑒𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 
2 + 𝑁𝑝𝑒𝑟𝑖𝑣𝑒𝑛𝑡𝑟𝑖𝑐𝑢𝑙𝑎𝑟 𝑤ℎ𝑖𝑡𝑒 𝑚𝑎𝑡𝑡𝑒𝑟

2

 

Infratentorial CNR was calculated as the ratio between contrast and noise. 

𝐶𝑁𝑅𝑖𝑛𝑓𝑟𝑎𝑡𝑒𝑛𝑡𝑜𝑟𝑖𝑎𝑙 =
𝑆𝑟𝑖𝑔ℎ𝑡 𝑐𝑒𝑟𝑒𝑏𝑒𝑙𝑙𝑎𝑟 𝑝𝑒𝑑𝑢𝑛𝑐𝑙𝑒 − 𝑆𝑟𝑖𝑔ℎ𝑡 𝑐𝑒𝑟𝑒𝑏𝑒𝑙𝑙𝑎𝑟 𝑤ℎ𝑖𝑡𝑒 𝑚𝑎𝑡𝑡𝑒𝑟

√𝑁𝑠𝑢𝑝𝑟𝑎𝑡𝑒𝑛𝑡𝑜𝑟𝑖𝑎𝑙 𝑓𝑟𝑜𝑛𝑡𝑎𝑙 𝑔𝑟𝑒𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 
2 + 𝑁𝑝𝑒𝑟𝑖𝑣𝑒𝑛𝑡𝑟𝑖𝑐𝑢𝑙𝑎𝑟 𝑤ℎ𝑖𝑡𝑒 𝑚𝑎𝑡𝑡𝑒𝑟

2

 

Qualitative Analysis 

All head CT scans were reviewed blindly in a native axial plan and displayed randomly with 

the free software ViewDEX at the same diagnostic workstation by 3 pediatric radiologists. 

ViewDEX is a Java software developed to randomly present anonymized images, without 

dose assessment, with the possibility of directly answering related questions on screen [16]. 

Before providing scores, the radiologists were trained for consensus regarding the image 

quality scoring system on 10 routine head CT examinations. Window-level settings were 

standardized for initial review (width 74; center 30). The viewing environment was constant. 

The choice of structures was based on the structures defined in the European Guidelines on 

Quality Criteria for Computed Tomography [17] and on the scale previously used by Kilic et 

al. [18]. The choice concentrated on typical parameters of image quality, including 

differentiation between grey and white matter in the supra and infratentorial spaces, 



 

 

delimitation of the peri-mesencephalic cerebrospinal fluid space, delimitation of the shape of 

the ventricular system, and visualization of the basal ganglia. Each criterion was on a 4-point 

scale: 0, unacceptable, 1, only acceptable under limited conditions, 2, probably acceptable and 

3, fully acceptable. Results of the scoring were summarized on a text file that was 

automatically generated. We retained the score agreed by at least 2 radiologists if there was a 

discordance.  

Statistical Analysis 

The two groups of 20 pediatric CT scans were compared by using quantitative measurements 

and qualitative modal scores. Mann-Whitney tests were performed to compare age, cranial 

perimeter, mA, CTDIvol, Contrast, Noise and CNR on supra and infratentorial spaces 

between the 2 groups. For qualitative variables, a Kruskall Wallis test was performed. An 

interobserver Fleiss’s Kappa agreement was calculated for each criterion. A statistically 

significant difference was defined by p<0.05. We used R software to implement the statistical 

analyses [19]. 

Results 

The two groups were homogenous, with no statistical difference in age and cranial perimeter. 

Main results are summarized in Table 2. All the CT scans were normal. 

Acquisition Parameters and Dose Analysis 

All acquisitions in group 1 were performed with tube voltage set at 120 kVp, while the tube 

voltage selected by CARE kVTM was 100 kVp for the second group in all cases. The activation 

of an automatic tube potential selection induced a significant decrease of the delivered dose 

CTDIvol (-21%, p=0.0005). The acquisition parameters that influenced the delivered dose and 

the mean quantitative ROI measurements are summarized in Table 3.  



 

 

Quantitative Analysis 

Supratentorial contrast and noise were not significantly increased (+6%, p=0.93 and +13%, 

p=0.097 respectively). Supratentorial CNR was not significantly modified when CARE kVTM 

was activated (-5%, p=0.21). 

Infratentorial contrast was not significantly increased (+23%, p=0.43). Infratentorial noise 

was significantly increased (+12%, p=0.043). Infratentorial CNR was not significantly 

modified when CARE kVTM was activated (+16%, p=0.96). 

Qualitative Analysis 

Activation of the automatic tube potential selection did not induce significant modification in 

the qualitative analysis of image quality for all criterions (Table 4). The interobserver Fleiss's 

Kappa agreements were good to excellent (Table 5). 

 

Discussion 

Radioprotection for children is one of the major goals of radiologists. Pediatric head CT scans 

are requested in case of emergency, particularly in the context of head trauma and the search 

for an ischemic or hemorrhagic lesion. Minimizing the delivered dose while preserving image 

quality remains a priority. Our study suggests that an automatic tube potential selection is 

effective in maintaining quantitative and qualitative image quality while significantly 

reducing the delivered dose on unenhanced cranial CT scans in infants. This a new 

complementary information, not observed in the Wallace et al. study [20]. Our patients 

selection is higher than in previous published works: there were 9 children under 3 years of 

age reported in the McKnight study [21], Santos et al. studied 2 groups of 10 newborns [22]. 

Our results highlight that, with the use of an ATPS, before the age of one year, the tube 



 

 

voltage could be lowered to 100 kV for unenhanced head CT. After one year of age, the tube 

current is often of 120 kV in unenhanced head CT scan [22]. Its use maintains image quality 

with a significant decrease in the delivered dose, by choosing the most appropriate tube 

voltage (100 kV in our population). Lowering the tube voltage settings increases contrast 

resolution (particularly in the infratentorial region) owing to the higher attenuation of lower-

energy x-rays produced with this parameter. The ATPS has partially compensated the 

increase of noise due to the diminution of the voltage by increasing the current to maintain the 

CNR constant. We did not observe the increase of the noise induced by the shielding of the 

brain by the skull.  

The use of an automatic tube potential selection can also allow having only one pediatric head 

CT scan protocol, which is easier to use in daily practice, whereas having different CT scan 

protocols depending on the age of the patients.  

These results are consistent with those of previous studies on enhanced thoracic and 

abdominal [13] and adult [23] or pediatric [22] head CT scans. We focused our analysis on 

unenhanced pediatric head CT scans to avoid any variation related to the CT image 

acquisition and contrast injection protocols, which might have resulted in differences in 

radiation doses delivered. The good to excellent interobserver agreements allowed us to be 

confident in our qualitative image quality evaluation. In the majority of previous studies, there 

were generally 2 readers [3,18,21,24,25]. 

The selection size of our study was limited (40 patients), but allowed us to observe the impact 

of an ATPS without any age or cranial perimeter bias.  

In conclusion, after defining an image quality reference using iterative reconstruction and 

automatic exposure control, an ATPS can significantly reduce the delivered dose in 

unenhanced cranial CT scans in infants by choosing the most appropriate tube voltage, while 



 

 

objectively maintaining image quality, with the interest of a single automatic CT scan 

acquisition protocol. 
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Figures captions 

Figure 1: Regions of interest for the measurement of contrast and noise. On the left: 

supratentorial frontal grey matter (ROI 1) and periventricular white matter (ROI 2). On the 

right: right cerebellar peduncle (ROI 3) and right cerebellar white matter (ROI 4). 

 



 

 

 

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). 

 

 


