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INTRODUCTION
CT scan was invented by G.N Hounsfield in the year of 1972 
as a CAT scan (computed axial tomography). The term axial 
was used to differentiate from the conventional tomography 
technique. Then CT scan was updated with different types 
for reducing the radiation dose and the time duration.
CT scan is essential imaging modality in diagnostic 
radiology for both pediatrics and adults. The use of CT in 
pediatrics has significantly increased in recent times since 
it has greater diagnostic capabilities. CT creates images in 
cross-section by measurement of x-ray attenuation properties 
of the body from different directions. CT radiation dose are 
comparatively higher than conventional radiography. There 
are potential risks in developing cancer when exposure to 
radiation crosses limits. The ionizing radiation doses delivered 
by CT are 100 to 500 times higher than the conventional 
radiography and are linked to an increased risk of  
cancer.1,2

Individuals in pediatric age groups are more sensitive to the 
ionizing radiation because their cells are cumulative and 
their long life span. There should be proper consideration 
when pediatric individuals are subjected to undergo CT 
scan. Radiation dose can be minimized to a certain extent 
technically by increasing kVp and decreasing mAs, and 
limiting the scan to only the region suspected of any 
abnormality. Hence, optimization while performing a CT 
scan should be made necessary to avoid increased radiation 

dose. Although there are alternative modalities for pediatric 
imaging without radiation such as ultrasound and MRI, 
there are certain limitations due to which CT is considered. 
In ultrasound, there is no proper visualization of bones and 
bowel whereas in MRI, fracture in bone is not imaged clearly 
and time duration of scan is more.3,4

From previous literature, it was found that Brenner et al first 
assesses lifetime cancer risk induced by ionizing radiation 
exposure from pediatric CT. They revealed that 500 of the 
children who undergo CT each year would ultimately die of 
cancer attributable to ionizing radiation at CT on the basis 
of radiologic practices in the United States. All physicians 
and radiologists must first ensure the appropriateness of the 
clinical indication to avoid unnecessary scans, which is the 
important step for reducing the overall radiation exposure 
at CT.5,6

After an appropriate clinical indication and justification have 
been approved, imaging settings can be customized to obtain 
the required clinical information at the lowest dose possible. 
Application of the scanning parameters used in adults to 
children must be avoided, because it leads to a substantial 
increase in the effective dose without providing additional 
benefits for diagnosis. If a single-phase scan can provide 
sufficient diagnostic information, avoidance of multiphase 
scanning such as non-enhanced CT allows for a drastic 
reduction in dose. The length of the scanning area on the 
body should be limited to the area of concern to eliminate 
unnecessary radiation. Various techniques such as automated 
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Introduction: CT scan is essential diagnostic modality in diagnostic radiology. But the disadvantage is high radiation dose for both adult 
and pediatric age groups. Radiation dose depends on region of interest and scanner design. Therefore, the aim of this study was to assess 
the methods in reducing the radiation dose among pediatric age group while doing CT scan examination. 
Material and Methods: A retrospective analysis of the radiation dose received by the patient was calculated by the formula DLP [DLP = 
CTDI vol X L (DLP-Dose Length Product; CTDI-CT Dose Index; L-length of the table)]. Radiation dose was reduced by decreasing mAs, kVp 
and increasing the pitch. Patients were imaged in CT Philips brilliance 6 and ingenuity core 128 slice.
Results: By increasing the pitch, there was reduction in mAs and kVps, selecting approximate patient weight, a pronounced decrease in 
radiation dose was observed.
Conclusion: By the use of DLP calculation, change was observed in mAs and kVp followed by raised pitch and decreased FOV which 
ultimately leads to the effective reduction in dosage of the patient.
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exposure control, lowering tube current, tube voltage, high-
pitch acquisition and IR algorithms can help in reducing 
radiation dose or improving the image quality of low-dose 
pediatric CT.7,8,9

Radiation dose is particularly relevant in children because of 
the high sensitivity of dividing tissues to ionizing radiation 
and the long latent period of oncogenic effects as compared 
to adults. Thus, minimizing radiation dose is of particular 
importance in this context. In addition, children receive 
higher effective doses because of their smaller body size. 
For these reasons, the potential increase in cancer risk is of 
concern in children who require CT scans.10,11 Hence, the 
aim of the present study was to assess the method to reduce 
radiation dose in computed tomography of brain among 
paediatrics by changing machine parameters and scanning 
methods. 

MATERIAL AND METHODS
The present study was a retrospective study which was 
conducted among pediatric patients who underwent CT 
examination from 01-02-2016 to 02-07-2016. Total 70 
patients were scanned by Philips brilliance 6 and Ingenuity 
Core128 slice CT machine. Radiation dose received by 
the patient was calculated by the formula DLP -Dose 
Length Product. It was collected from PACS. Some were 
scanned with 350 mAs/120kVp, others were scanned with 
250mAs/100kVp. Only pediatric patients under 15 years of 
age were included in the study and uncooperative patients 
were excluded from the study. 
The effective dose was calculated from the DLP (Dose length 
product). It is an approximation of the energy absorbed by 
the patient. Machine parameters that determine the radiation 
dose are: Decreasing the tube current (mAs), Decreasing 
beam energy (kVp) and increasing the pitch.
Tube current (mAs)
The tube current determines the number of electrons 
accelerated across the x-ray tube and the number of x-ray 
produced. Tube current is given in units of mA. Radiation 
dose is directly proportional to product of mA and the scan 
time per slice or mAs. Since mAs depends on patient weight 
and clinical indication, it is decreased accordingly as more 
mAs will give more radiation.
Beam energy (kVp)
It determines the photon energy. By changing the kVp, 
radiation dose changes proportional to the square of the 
percentage change in tube potential.
Pitch
Pitch is defined as the ratio of table top movement during 
one full rotation to collimator length.
The pitch increases the duration of scan time which also 
decreases the radiation dose. The disadvantage is image 
clarity will also decrease.

STATISTICAL ANALYSIS
Data collected was compiled in Microsoft office excel sheet 
and further analysed by SPSS version 21. The descriptive 
analysis was performed using percentages and was represented 
in the form of graphs.
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Graph-1: shows the distribution of data based on DLP 
among 0-5 years 

Graph-2: shows the distribution of data based on level of 
DLP among 6 to 10 years

Graph-3: shows the distribution of data based on DLP 
among 11 to 15 years

RESULTS 
In the present study, out of 70 subjects, 43 subjects were 
scanned with the help of 350 mAs and 120 kVp and 27 were 
scanned with the help of 200-300 mAs. It was seen that 
subjects who were scanned with the help of 350 mAs and 
120 kVp, the DLP was found above the reference level and 
those with 200-300 mAs, the DLP was equal to reference 
level (Figure 1, 2 and 3).
Graph no. 1 showed that for 0 to 5 years group, it was observed 
64% of people received more radiation than the reference 
level and only 36% received within the reference level. Graph 
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3 showed that In 11 - 15years group, 58% people received 
more radiation then the reference level and 42% of people 
received within the reference level. Graph no. 4 showed that 
the children scanned with DLP of 350 mAs and 120 kVp 
received more radiation dose than the reference value. Also, 
children with DLP of 250-300 mAs and 120 kVp received 
radiation within the reference value.

DISCUSSION
Several factors should be taken in to account when kVp is 
decreased because lowering the kVp means mAs has to be 
increased and when selecting weight from a range, kVp/
mAs/dose technique varies accordingly lower kVp increases 
the scan times because of mAs limit which thus increase the 
motion artifact. But, irrespective of patient presentation the 
protocols were used in such a way that radiation significantly 
decreased without affecting the image quality.
From the patient’s perspective, benefit in the use of CT is 
more than the small radiation received. However there are 
few cases in which patient may require second or third CT 
scan which increases the patient radiation dose to certain 
extent. Thus, the use of variable machine parameters is the 
valid requirement for reduction of radiation dose. 
Lower tube voltage has an advantage over the conventional 
voltages of 120-140 kVp in terms of cerebral gray-white 
matter contrast for non-enhanced brain CT scan. This is 
because the photoelectric component for gray matter is 
4-6% higher than that of white matter and the gray matter 
attenuation is higher than the white matter attenuation at 
lower kVp, which can lead to an improved gray-white matter 
contrast-to-noise ratio using a low kVp CT scan. 
In a recent study, Ben- David et al demonstrated that 
unenhanced head CT scanning at a low tube voltage (80 kVp) 
delivers a higher gray matter-white matter contrast-to-noise 
ratio per dose compared to scans performed using a tube 
voltage of 120 kVp in adults. Similar to this previous study 
in adults, our study also revealed a statistically significant 
increase, from 2.18 to 2.35 (P=0.019), of gray matter-white 
matter contrast-to-noise ratio with 80-kVp CT.12

In a study by Ji Eun Park et al, a significant reduction in 
radiation dose was achieved with 120-kVp CT scans, whilst 
providing a similar overall image quality to that achieved 
with 120-kVp CT scans. The mean effective dose from 80-
kVp CT scans was 6.5% lower than that observed for 120-
kVp CT scans. Lowering tube voltage is inevitably associated 
with an increase in image noise. Even though the increased 
tube current to compensate for the higher noise level at 80 
kVp, the measured noise values were still greater with the 
80-kVp CT scans than those observed in the 120-kVp CT 
scans.13

Furthermore, the gray-white matter contrast-to-noise ratio 
was still increased at 80-kVp CT despite the increased noise 
value, and there was no significant difference in overall image 
quality scores between 80- and 120-kVp scans. Secondly, 
various kinds of surgical materials and devices may introduce 
substantial beam hardening artifacts (e.g., streak or metallic 
artifacts), which are often more severe at lower tube voltage 
than at high tube potential.
There were a few limitations to our study. Firstly, scans were 
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Graph-4: shows the difference in DLP among different age 
groups

no. 2 showed that for 6 to 10 years, it was observed that 62% 
of people received more radiation than the reference level 
and only 38% received within the reference level. Graph no. 
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acquired at different times. Simultaneous acquisition of 
both scans would have enabled more accurate comparison 
of image quality parameters. Secondly, the study population 
was relatively small and the disease states were not evaluated 
due to the small and heterogeneous study population.

CONCLUSION 
With the help of DLP method, reduction in radiation dosage 
was achieved among children. 
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