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Abstract 

Background 
Radiation dose about 400 times that of standard thoracic computed tomography (CT) in comparison 
with chest X- ray resulting in different approaches to decrease radiation dose have been established in 
the last few years to prevent possible side effects especially in children, such as low dose protocols. 
The aim of this study was assessment of clinical value of low dose CT in pediatric chest diseases. 

Materials and Methods 

This prospective study was conducted from 2017 to 2019 in the radiology departments of Dr. Sheikh 
Children’s hospital and Imam Reza Hospital, Mashhad, Iran. The low dose CT scans were conducted 

at 90 kVp and 30 mAs (for 0-6 years age group) in 27 cases or 50 mAs (for 6-12 years age group) in 

17 cases. Eventually, the radiologic findings were compared with the confirmed diagnosis by pediatric 
pulmonologist based on clinical, laboratory and imaging findings. Data were analyzed and Kappa 
agreement coefficient test was performed to determine agreement between the low dose CT findings 
and the final diagnosis.  

Results 

Forty-four children were enrolled in this study. 72.7% (32 cases) of all patients had chronic cough as 

the most common initial symptom, and hyperactive airway disease (10 patients, 22.7%), and 

persistent bacterial bronchitis (9 patients, 20.5%) were the most frequent chest diseases. There was 

perfect agreement between the CT- scan findings and final diagnosis (k=1, p<0.001). 

Conclusion 

The current study revealed that diagnostic findings of the low dose CT- scan was adaptive with 
clinical needs for the final diagnosis.  
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1- INTRODUCTION 

      Thoracic pathologies in children may 

appear in different locations of the thorax 

including the mediastinum, lung 

parenchyma, chest wall or pleura and they 

include a wide range from reversible 

simple hazard to malignant tumors (1). CT 

is frequently considered a modality of 

choice after chest X-ray (CXR), which is 

the most common imaging performed in 

detecting pediatric chest diseases, fails in 

solving more complicated cases (2-6). 

However, it is well established that 

ionizing radiation forced by CT imaging 

may increase the risk of cancers such as 

leukemia and brain cancer particularly in 

children. Keeping in mind the value of CT 

in detecting pediatric chest diseases, the 

risk/benefit ratio should always be 

estimated (7, 8). Fortunately today, 

thoracic ultrasound examination is 

presented as a diagnostic and completely 

valuable modality in lung opacities, that 

can be used for the differentiation of 

pediatric thoracic opacities instead CT- 

scan and even US had higher sensitivity 

than CT- scan for mass nature 

determination (9, 10). Despite this, using 

CT in pediatrics has increased globally 
over the past few years (7, 8).  

Since thorax is considered highly sensitive 

to ionizing radiation, dose adjustment with 

the best possible quality is required in CT 

imaging (11). Radiation dose adjustment 

still remains a significant challenge to be 

tackled regarding the pediatric patients 

(12). In line with the aforementioned 

dilemma, various strategies have been 

presented to reduce the ionizing radiation 

caused by CT in pediatric patients as they 

are more prone to radiation, due to their 

longer life expectancy following radiation 

and also sensitive body structure (12). The 

radiation dose about 400 times that of 

standard thoracic computed tomography 

(CT) in comparison with chest X-ray 

resulting in different approaches to 

decrease radiation dose have been 

established in the last few years to prevent 

possible side effects especially in children, 

such as low dose protocols. Different 

approaches have been introduced recently 

in order to decrease the radiation dose 

without significant loss of information 

such as automatic adjustment of tube 

current, reduced tube voltage 

(Kilovoltage peak [kVp], and 

the tube current exposure time product 

value [(mAs)]), noise reduction filters, 

gantry rotation time (the exposure time), 

slice thickness (collimation), the scan 

length and a higher pitch (13-15). The 

purpose of this study was to determine 

whether low-dose chest CT with 90 kVp 

and 30 or 50 mAs could be diagnostic in 

pediatric chest diseases based on clinical 

needs. 

2- MATERIALS AND METHODS 

2-1. Study design and population 

       The current prospective study was 

conducted from 2017 to 2019 in the 

radiology department of Dr. Sheikh 

Children’s hospital, which is a tertiary 

center in Mashhad Medical University of 

Sciences, Mashhad, Iran. A total of 44 

pediatric patients were admitted for the 

low dose CT imaging in this period and all 
of them were enrolled in this study. 

2-2. Methods 

Because of the high weight difference, the 

patients were divided to two groups: 0-6 

years old, and 6-12 years old. The imaging 

findings of low dose CT studies were 

reviewed by our pediatric radiologist who 

had no previous knowledge regarding the 

final diagnosis and the final diagnosis was 

confirmed by pediatric pulmonologist 

based on clinical, laboratory and imaging 

findings. Eventually, we recorded the 

demographic characteristics including age, 

sex, low dose CT- scan and clinical 
findings and the final diagnosis. 

2-3. Laboratory measurements  
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CT scanner machine was Neuviz 16, 

Neusoft Medical Systems, China.  

2-4. Intervention 

CT scans were conducted at 90 kVp 

(instead 120 kVp), 30 mAs (for 0-6 year's 

age group), and 50 mAs (for 6-12 years 

old age group) instead of auto (22-309) 

(Figure.1). 

2-5. Ethical consideration 

This study was carried out after obtaining 

confirmation from the Mashhad Medical 

University's Ethics Committee with ID- 

code: 960462.  

2-6. Inclusion and exclusion criteria 

As this study is clinical needs based 

research, numerous pediatric thoracic 

opacities were assigned with thoracic 

ultrasound examination as a diagnostic 

value valuable in lung opacities. Then, low 

dose CT imaging was mainly performed 

based the indications other than lung 

opacities, such as hyperinflation, 

suspicious for bronchiectasis, etc. Children 

without existing or available imaging 

reports were excluded.  

2-7. Data Analyses  

The results of low dose CT- scan, clinical 

findings and final diagnosis were 

compared. Data on demographic and 

clinical features of the patients were 

analyzed using SPSS software version 

23.0. To describe the data, descriptive 

statistical methods including central 

indicators, dispersion and frequency 

distribution were used. We used Kapa 

agreement coefficient test to determine if 

there was agreement between the low dose 

CT- scan reports and the final diagnosis. 

3- RESULT  

      Among 44 children who participated in 

the current study, 27 (61.4%) were male 

and 17 (38.6%) were female. The mean 

age of the boys and girls were 59.59±46.2 

and 63.35±43.8 months. Two age groups 

of patients were 0-6 years with 27 (61.4%) 

cases, and 6-12 years with 17 (38.6%) 

cases. According to the clinical findings, 

32 patients (72.7%) were admitted with 

chronic cough, 7 patients (15.9%) with 

chronic cough and fever, 3 patients (6.8%) 

with chronic cough and dyspnea, and 2 

patients (4.5%) with chronic cough, 

dyspnea and fever as initial symptoms. 

There is no significant relation between 

age with clinical symptoms of children (p= 

0.818). Final diagnosis of the participants 

is demonstrated in Table.1. The hyper 

reactive airway disease (22.7%), and 

persistent bacterial bronchitis (20.5%) 

were the most common final diagnoses. 

We used Kappa agreement coefficient test 

to determine if there was agreement 

between the low dose CT- scan diagnostic 

report and the final diagnosis. There was 

perfect agreement between the radiology 

report and final diagnosis (k=1 and 
p<0.001).

 

 

Fig. 1: Low dose CT images (KVp=90, mAs=30 & 50) in three children with diagnostic patterns. A)  
Image of a 3 month-old boy with HRAD presenting as generalized geographic pattern of air trapping. 

B) Image of 5 year old boy with HRAD having geographic pattern and tree in bud. C) Bilateral 
Bronchiectasis in 16 yearold boy with Cystic Fibrosis.  



Adequacy of Chest Low Dose CT-Scan 

Int J Pediatr, Vol.8, N.2, Serial No.74, Feb.2020                                                                                             10848 

                 Table-1: Distribution of the final diagnosis of patients with low dose chest CT. 

Parameters Frequency % 

HRAD 10 22.7 

PBB 9 20.4 

Pneumonia 6 13.6 

HP 4 9.1 

Bronchiectasis 4 9.1 

Chronic Bronchitis 2 4.5 

SCLD 2 4.5 

BPP 1 2.3 

PAP 1 2.3 

Pulmonary Hypoplasia 1 2.3 

Pansinusitis + Chronic Bronchitis 1 2.3 

Pleural Effusion + Pneumonia 1 2.3 

HRAD + Sinusitis 1 2.3 

FBA + Pneumonia 1 2.3 

Total 44 100.0 

PBB: persistent bacterial bronchitis; HRAD: hyperreactive airway disease; HP: hypersensitivity pneumonitis; BPP: 

bacteremic pneumococcal pneumonia; SCLD: sickle cell chronic lung disease; PAP: pulmonary alveolar proteinosis; FBA: 
foreign body aspiration. 

4- DISCUSSION 

      CXR is usually known as the first 

imaging modality performed to diagnose 

chest diseases, while CT is considered as 

the complementary technique in equivocal 

conditions (16). However, CT has pitfalls 

which limit its utilization in pediatrics 

including the high costs, difficulty in 

availability and the risk of exposure to 

ionizing radiation. With increasing use of 

CT, considering radiation dose is crucial, 

as well as using innovative technologies 

that can decrease the risk of ionizing 

radiation. A study performed by Brenner et 

al. demonstrated that the risk of cancer due 

to radiation was higher in children 

compared with adults (17). As a 

substitution, thoracic ultrasound 

examination was proposed in the lung 

opacities. It can be used as a valuable 

modality for the differentiation of pediatric 

thoracic opacities with higher sensitivity 

than CT- scan for mass nature 

determination (9, 10). The aim of this 

study was to investigate the role of low 

dose CT- scan in detecting pediatric chest 

disease. Based on the findings of the 

current study, final diagnoses predicted 

from the low dose chest CT were similar to 

the confirmed diagnoses by clinical 

workups. Our results suggest that the low 

dose CT- scan is an adequate diagnostic 

modality for pediatric chest diseases and it 

is as reliable as the confirmed diagnosis by 

clinical procedures. This study showed that 

reducing the radiation dose by providing 

useful information for clinical diagnosis is 

possible, leading to improved patient 

safety. Various strategies have been 

recommended to decrease the dose of 

radiation while maintaining the quality of 

images. In a study conducted by 

Colagrande et al., it was emphasized that 

reducing radiation dose is possible using 

the existing CT settings with the highest 

advantages by being aware of the dose 

needed for each patient, replacing CT with 

other techniques if possible and lowering 

the frequency of using CT in children (18). 

According to Nelson, through kVp, mAs, 

pitch, and procedures like current 

modulation and iterative reconstruction we 

are able to decrease the radiation dose 

(19). A study by Lambert et al. reported 

ultra-low dose chest CT in three cases. The 

aforementioned study proved that radiation 
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dose may be decreased by more than one 

order of magnitude, using the full arsenal 

of the CT scanner. The most significant 

step in lowering the radiation dose from 

CT scans in children hinges on the 

pediatricians, who should thoroughly 

request imaging modalities that are 

justified by their anticipated risk/benefit 

ratio (20). There are various researches on 

decreasing radiation dose for particular 

abnormal findings including pulmonary 

nodules (21, 22), emphysema severity (23-

25), and bronchiectasis (26). Based on the 

studies conducted in patients with cancer 

using low dose CT, it was shown that 

diagnosis of chest problems using low 

dose CT was comparable to standard CT.  

It was further reported that diagnostic 

value of low dose CT was evaluated in a 

broader range of goals (27-29). Takahashi 

et al. depicted no significant difference in 

the diagnostic efficacy regarding lung 

changes between 250 mAs and 50 mAs 

images (30). Mayo et al reported that 20 

mAs images may also be satisfactory for 

understanding the chest images (31). 

Another study by Mayo et al. revealed a 

significant difference in precision of 

thoracic findings in 40 mAs and 100 mAs 

images, compared with conventional tube 

current images (32). This study is clinical 

needs based research; the numerous 

pediatric thoracic opacities were assigned 

with thoracic ultrasound examination as a 

diagnostic value in lung opacities. 

Ultrasound can be used as an appropriate 

imaging modality for the differentiation of 

pediatric thoracic opacities instead of CT- 

scan and even US had higher sensitivity 

than CT- scan for mass nature 

determination based our previous research 

(9, 10). One of the limitations of this 

study was sampling method.  Other 

limitations of this study were the sample 

number and the fact that the results of the 

current study may not be obtained in case 

control study and due to ethical 

consideration, and not being a standard 

CT- scan the imaging modalities were 

performed in each participant. Further 

studies with a larger sample size are 

recommended. 

5- CONCLUSION 

      The current study revealed that 

diagnostic findings of the low dose CT- 

scan were comparable with clinical needs 

for the final diagnosis. To reduce of the 

radiation dose to as low as reasonably 

achievable, we suggest that the imaging 

workup of pediatric pulmonary diseases 

include CXR, ultrasound (for thoracic 

opacities) and low dose CT- scan (if 

necessary) are enough for clinical needs 

and can be used instead of CXR, and 

standard CT- scan protocol which results 

in the child being exposed to a large 

amount of radiation.  
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