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ABSTRACT 

Objective: To assess influential factors of CT on image quality of the lung in children. Materials and methods: Ret-
rospective evaluation of 82 consecutive chest-CT-scans in 50 children (1 - 16 years, 17 females and 33 males). Two 
pediatric radiologists evaluated in consensus the subjective image quality on lung windows using a 4-point scale (1 = very 
good, 2 = good, 3 = moderate, 4 = poor). Ventilation, motion artifacts and beam hardening artifact were included in this 
score. The effects of the following factors were evaluated: 1) CT-settings (tube energy, tube current); 2) Patient’s age, 
weight, chest size, ventilation; 3) Artifacts of devices, tubes and lines; 4) Combination MRI of the abdomen prior to CT 
of the chest with the same sedation/anesthesia in oncological patients. Results: The odds of having a better image qual-
ity increase with patient’s age, weight and chest diameter in a multiple-factor model. There was no difference between 
tube current protocols. In infants (<15 kg) subjective image quality was good in only 1 (8%), moderate in 8 (67%) and 
poor in 3 (25%) scans. In childhood and adolescence (15 - 90 kg) 25 (36%) scans were very good, 28 (40%) good, 15 
(21%) moderate and 2 (3%) poor. Artifacts of tubes and lines have no statistical significant influence on image quality. 
Lower lung densities were related to better ventilation and older children. Conclusion: Increasing dose parameters may 
not increase necessarily subjective image quality in infants (<15 kg), rather than good ventilation, optimal preparation 
and avoiding artifacts. A possible explanation of the rather moderate image quality in infants may be the alveolar stage 
of the lung. Up to two years of age the lung has a high specific lung volume per kg and a low total lung volume with a 
low alveolar surface. 
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1. Introduction 

Computed tomographies (CT) of the pediatric chest con- 
tinue to be an increasingly used imaging modality. Par- 
ticularly in oncological patients, but also in children with 
cystic fibrosis study-protocols propose chest-CT-scans 
on a regular basis even for very young children. Babies 
and young children under 2 years of age are a challenge 
to image with CT. There is lack of sufficient compliance 
and also the fact of the still developing alveoli with a 
relatively dense lung structure and less aerated lung 
compared to older children. There is an influence of the 
sedation to the state of ventilation and atelectasis occur 
frequently even with optimal hyperventilation before the 
scan. In children under 6 years of age, CT scans are pos-
sible in normal breathing children, but there is often need 
of mild sedation during the application of contrast media 
and the scan. The advantages of CT are high resolution 
of small lung nodules, the possibility of describing bron-
chiectasis, mucus plugging, inflammation, air trapping 

with an optimal contrast between air and lung paren- 
chyma. CT-scans have an overall better availability and 
less need for sedation or anesthesia compared with MRI- 
scans. Disadvantages remain radiation dose and sedation 
in younger children. 

The newborn lung has completed the saccular stage with 
development of the terminal air sacs. During the alveolar 
stage (36 weeks to infancy), the size and number of alveoli 
increase. At birth 100 million alveoli are estimated, post-
natal alveolar development continues to the mature lung 
with 300 million alveoli. The lung volume increases from 
200 ml to 5 L and the lung weight from 50 g to 800 g. The 
alveolar diameter increases from 150 m to 300 m [1]. 

All these influences on lung maturation and growth may 
have an effect on CT-protocols and expected image quality. 

Many authors described the ALARA (as low as rea-
sonable achievable) principle in pediatric CT-scans, stra- 
tegies and low dose techniques of CT in children [2-6]. 
Lee et al. and Siegel recommended 80 kVp protocols 
with the lowest possible mAs for aortic anomalies, tho-
racic vessels and airways in the pediatric population up *Corresponding author. 
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to 50 kg [7,8]. Whereas Cody et al. found beam-harden- 
ing artifacts when pediatric CT examinations were per- 
formed with 80 kVp and they suggested the use of 100 - 
120 kVp in this population [9]. Rogalla and Stöver pro-
posed to adjust the mAs setting for 120 kVp protocols 
based on the patients weight (mAs = kg + 5) to reduce 
radiation dose [10,11]. Newer CT-scanners use iterative 
reconstruction techniques and improve the image quality 
in very low dose CT-protocols. 

The physiological changes of the lung play a major 
role in imaging the lung especially in younger infants. It 
remains a challenge to adapt CT-settings to the needs of 
the clinical question (lung nodule detection, air trapping, 
bronchiectasis etc.) and to generate good quality images 
with the lowest dose possible. Optimal ventilation of the 
lungs in this age group is a major problem. Close col-
laboration with anesthesiologist and or pneumologists is 
important for a good preparation with sufficient aeration of 
the lung and avoiding atelectasis and also artifacts 

from lines, ECG-electrodes and devices. 
The purpose of our study was to assess effects for dif-

ferent sized children and other influential factors on im-
age quality in pediatric chest CT-scans to optimize image 
quality in low dose protocols. 

2. Materials and Methods 

Retrospective evaluation of 82 consecutive chest- 
CT-scans (64 rows Somatom Sensation Cardiac, Siemens, 
Forchheim, Germany) in 50 children (1 - 16 years, 17 
females, 33 males) during a two year period. High reso-
lution computed tomography (HRCT) was not included 
in this study (Table 1). Two board-certified pediatric 
radiologists with 5 and 10 years of experience with pedi-
atric chest CT evaluated in consensus the subjective im-
age quality on lung windows with 3 mm (<20 - 30 kg) or 5 
mm (>20 - 30 kg) slice thickness using a 4-point scale (1 = 
very good, 2 = good, 3 = moderate, 4 = poor) (Figures 
1-4). The subjective image quality assessment was 

 
Table 1. Characteristics of 82 scans (STD = standard deviation). 

Categorical Factor Category Nr. scans Continuous Factor Statistics Value 

Weight (kg) <15 12 Weight (kg) Mean 28.2 

 15 - 30 39  STD 15.4 

 >30 31  Median 26 

    Range 6.7 - 90 

Tube energy (kVp) 80 3    

 100 68 Age (years) Mean 7.9 

 120 11  STD 4.5 

    Median 7 

Gender M 42  Range 1 - 16 

 F 40    

   Average image noise (HU) Mean 15.1 

Endotracheal tube Yes 13  STD 3.3 

 No 69  Median 14.3 

    Range 9.6 - 24 

ECG-electrodes Yes 7    

 No 75 Lateral chest diameter (mm) Mean 225.0 

    STD 43.6 

Port a cath Yes 35  Median 216 

 No 47  Range 127 - 329

Adapted Rogalla formula used Yes 52 mAs tube current Mean 37.6 

(mAs = kg +5) for 100 kVp protocols No 30  STD 18.2 

    Median 31.5 

    Range 17 - 100 

Atelecatsis Yes 17    

 No 65    

Slice thickness (mm) 3 53    

 5 29    
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Figure 1. Very good (1) subjective image quality. Patient 
with 65 kg, 100 kVp and 70 mAs. 
 

 

Figure 2. Good (2) subjective image quality with beam har- 
dening artifact of a Port-a-cath. Patient with 35 kg, 100 kVp 
and 38 mAs. 
 

 

Figure 3. Moderate (3) subjective image quality. Beam-har- 
dening artifact and background noise from contrast media. 
Large left pleural effusion is noted. Patient with 26 kg, 100 
kVp and 35 mAs. 

 

Figure 4. Poor (4) subjective image quality. Low inspiration, 
motion artifact and beam hardening artifact. Patient with 
common ALL and EBV associated lymphoproliferative syn- 
drome. Multiple lung nodules are noted. Patient with 13 kg, 
100 kVp and 17 mAs (DLP 17). 
 
based on motion artifacts, hardware artifacts, beam har- 
dening artifacts, overall image impression of the lung 
parenchyma for the evaluation of small lung nodules and 
pathological changes of the lung parenchyma. The read-
ers were blinded for dose settings, age and indication. 

The effects of the following factors on subjective im-
age quality were evaluated: tube energy, average image 
noise (Hounsfield Unit (HU)) measured in three largest 
muscle regions at the area of the xyphoid bone, modified 
Rogalla formula (RF) (mAs = kg + 5 (±5)), weight group, 
indication, dose length product (DLP), endotracheal tube, 
ECG-electrodes, and chest diameter. 

The odds ratio of having better subjective image qual-
ity in a single-factor (univariate) analysis was evaluated 
on each factor using a nonlinear mixed effects model 
with a cumulative logit link function (proportional odds) 
for the ordinal response variable (subjective image qual-
ity) and a random effect for patient to account for poten-
tial correlation between repeated CT-scans within pa-
tients. A multiple-factor (multivariate) analysis using the 
same model was performed after backward selection 
procedure. Comparisons between groups for continuous 
outcome variables, e.g. noise and weight, were perform- 
ed using a linear mixed effects model with a random ef-
fect for patient. All analyses were carried out using SAS 
version 9.1 for Windows (SAS Institute Inc., Cary, NC, 
USA). 

3. Results 

Noise and subjective image quality: 
The average image noise in 80 kVp (n = 3 scans) pro-

tocols was 21.7 HU (standard deviation (STD) 2.0 HU, 
range, 20.3 HU - 24 HU), in 100 kVp (n = 68 scans) 15.4 
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HU (STD 2.9 HU, range, 10 HU - 22.6 HU) and in 120 
kVp (n = 11 scans) 11.9 HU (STD 2.5 HU, range, 9.6 
HU - 18.3 HU). The difference in average image noise 
across the 3 kVp protocols was statistically significant (P  
0.0006) with the tendency for less noise under greater 
tube energy. In 100 kVp protocols (68 scans), the aver-
age image noise in the weight group <15 kg, 15 - 30 kg 
and >30 kg was 14.8, 15.6 and 15.3 HU, respectively 
(Table 2), and the difference was not statistically sig-
nificant. 

The average subjective image quality in 80 kVp (mean 
weight 19.3, STD 14.5) was 3 (STD 1). In 100 kVp pro-
tocols the difference in average subjective image quality 
was statistically significant across weight groups (<15, 
15 - 30, >30 kg) (P ≤ 0.011), with the tendency for better 
image quality at heavier weight or larger chest diameter 
(Table 2). 

In 120 kVp protocols (mean weight 38.8, STD 14.1) 
the average subjective image quality was 1.4 (STD 0.7). 

In the single-factor model the odds of having a better 
subjective image quality increase significantly (P < 0.05) 
with tube energy, slice thickness, less average image 
noise, chest diameter, AP chest diameter in mm, tube 
current mAs, dose length product (DLP), patient’s age 
and patient’s weight (Table 3). Specifically, in infants 
(<15 kg) subjective image quality was good in only 1 scan 

(8%), moderate in 8 scans (67%) and poor in 3 scans 
(25%). In childhood and adolescence (15 - 90 kg) 25 
scans (36%) were very good, 28 scans (40%) good, 15 
scans (21%) moderate and 2 scans (3%) poor. There was 
no statistically significant difference in subjective image 
quality between RF and no RF (Table 3). 

In the multiple-factor model the odds of having a bet-
ter subjective image quality significantly (P < 0.05) in-
crease with patient’s chest diameter, no prior MRI and 
slice thickness. Most of the significant factors identified 
in the single-factor model are no longer significant here, 
probably due to the association among them. For instance 
slice thickness, lateral chest diameter, AP chest diameter, 
tube current, mAs, dose length product (DLP) and pa 
tient’s weight are naturally associated with patient’s age; 

 
Table 2. Subjective image quality* and image noise (HU) in 
100 kVp protocols. *(1 = very good, 2 = good, 3 = moderate, 
4 = poor). 

 <15 kg n = 15 15 - 30 kg n = 21 >30 kg n = 32

image noise (HU):
mean (STD) 

14.8 (3.2) 15.6 (2.6) 15.3 (3.3)

subjective image 
quality: mean (STD)

3.1 (0.6) 2.4 (0.8)* 1.5 (0.6)* 

*P ≤ 0.011. 

 
Table 3. Nonlinear mixed effect analysis of subjective image quality on individual factor (OR = odds ratio; OR LCL = lower 
limit of the 95% confidence interval for OR; OR UCL = upper limit of the 95% confidence interval for OR). 

Factor Category 1 Category 2 (Reference) OR OR LCL OR UCL P-value 

Weight (kg) ≥15 <15 43.07 4.40 422.12 0.002 

Tube energy (kVp) 100 80 8.49 0.39 182.58 0.17 

 120 80 131.33 3.23 5342.24 0.011 

Tube current (mAs)   1.09 1.05 1.13 <0.0001 

Dose length product (DLP)   1.06 1.04 1.09 <0.0001 

Adapted Rogalla formula Yes No 0.85 0.24 3.01 0.79 

Gender M F 5.40 0.90 32.36 0.064 

ET-Tube Yes No 0.43 0.07 2.59 0.35 

ECG-electrodes Yes No 0.46 0.06 3.73 0.46 

Port a cath Yes No 0.44 0.11 1.81 0.25 

Atelectasis Yes No 0.22 0.04 1.16 0.074 

Prior MRI Yes No 0.17 0.02 1.19 0.074 

Slice thickness (mm) 5 3 42.28 6.56 272.52 0.0002 

Age (years)   1.52 1.28 1.79 <0.0001 

Average image noise (HU)   0.79 0.66 0.96 0.0183 

Lateral chest diameter (mm)   1.05 1.03 1.07 <0.0001 
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and average image noise is associated with tube energy. 
On the other hand, prior MRI status was not significant 
in the single-factor model, but becomes significant when 
chest diameter and slice thickness are included in the 
multiple-factor model. 

4. Discussion 

Image contrast is related to the energy of the x-ray pho-
tons, equipment filtration and patient size. Increasing the 
peak kilovoltage reduces the image contrast. Structures 
with high intrinsic contrast, such as bone and vessels 
containing iodinated contrast media may be better appre-
ciated at lower tube voltage [4]. This may be used with 
80 kVp in infants to image vascular malformations or 
vascular rings, congenital malformations (CDH), se-
quester and bone malformations [6,7]. The lowest possi-
ble mAs is dependent and limited based on the scout and 
patient’s weight on many CT-scanners. In 80 kVp set-
tings, the mAs need to be higher than in 100 kVp and 
120 kVp protocols to obtain the same image noise. In 
children up to two years, the alveolar stage has a high 
specific lung-volume per kg and a low total lung volume 
with a low alveolar surface. This may cause a low sub-
jective image quality in younger children with either 80 
kVp or 100 kVp protocols.  

The subjective image quality with the adapted RF in 
100 kVp protocols may be reliable in children over 30 kg 
assumed that external artifacts were reduced (ECG elec-
trodes, lines, tubes), good ventilation was achieved and 
no prior MRI-scan took place (atelectatic changes). 

CT-protocols should be easy to perform for the techni-
cians regarding the different weight, age, size and com-
pliance of the children. In hospitals with no primary pe-
diatric experience (emergency situations) guidelines (co- 
lor codes for age and weight) are helpful to avoid adult 
protocols and relatively high radiation doses for chil-
dren (Table 4). Most indications in infants (<15 kg) 
may be imaged on MRI (vascular malformations, con-
genital malformations), since these patients usually 
need anesthetic sedation. In pediatric chest CT-scans > 
75 kg 120 kVp protocols may be useful with a weight 
adapted mAs. 

Limitations of the study were the retrospective nature. 
The number of 80 kVp and 120 kVp protocols was 

 
Table 4. Pediatric chest CT-protocols (64 row CT). 

 3 - 30 kg >30 kg >75 kg 

kVp 80*/100 100 120 

mAs 30 = kg + 5 or #CD = kg or #CD

CTDIVol 0.5*/≤1.2 mGy ≤1.5 mGy ≤3 mGy 

*For vascular malformations, bronchial tree; #CD = Care Dose for CT scan-
ner with iterative reconstructions. 

too small for separate statistical analyses. The spare data 
structure with partial repeated measurements within pa-
tients resulted in large variation in estimation, therefore 
for some factors the confidence intervals for odds ratio 
were very wide. Also the number of children below 15 
kg was too small to evaluate the optimal mAs and kVp 
settings. 

5. Conclusions 

Increasing dose parameters in infants may not increase 
necessarily image quality in pediatric (<15 - 30 kg) chest 
CT-scans. It is more important to obtain a good ventila-
tion in younger children (under 6 years of age), avoiding 
artifacts and also plan the timing of the study before an 
MRI-scan and not after the MRI scan because of atelec-
tatic changes. In children <15 kg it remains difficult with 
100 kVp and particularly with 80 kVp protocols to obtain 
sufficient image quality for the lung parenchyma. A po-
tential explanation for a low subjective image quality in 
younger children is the alveolar stage in infants up to two 
years having a high specific lung-volume per kg and a 
low total lung volume with a low alveolar surface. 

For vascular, osseous or bronchial tree abnormalities, 
80 kVp protocols are reliable for infants. In children >30 
kg with optimal preparation 100 kVp protocols using 
weight adapted mAs (= kg + 5) have sufficient subjective 
image quality for most indications.  

In newer generation computed tomography iterative 
reconstruction algorithm and automatic dose modulation 
may additionally improve image quality and reduce ra-
diation dose. 
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