
© 2022 Journal of Medical Signals & Sensors | Published by Wolters Kluwer - Medknow 227

Address for correspondence: 
Dr. Reza Paydar, 
Radiation Biology Research 
Center, Iran University of 
Medical Sciences, Tehran, 
Iran, Department of Radiation 
Science, Faculty of Allied 
Medicine, Iran University of 
Medical Sciences, Tehran, Iran. 
E‑mail: paydar.r@iums.ac.ir

Abstract
Background: The purpose of this study is to evaluate the effective dose (ED) for computed 
tomography (CT) examination in different age groups and medical exposure in pediatric imaging 
centers in Tehran, Iran. Methods: Imaging data were collected from 532 pediatric patients from four 
age groups subjected to three prevalent procedures. National Cancer Institute CT (NCICT) software 
was used to calculate the ED value. Results: The mean ED values were 1.60, 4.16, and 10.56 mSv 
for patients’ procedures of head, chest, and abdomen–pelvis, respectively. This study showed a 
significant difference of ED value among five pediatric medical imaging centers (P < 0.05). In head, 
chest, and abdomen–pelvis exams, a reduction in ED was evident with decreasing patients’ age. 
Conclusion: As there were significant differences among ED values in five pediatric medical imaging 
centers, optimizing this value is necessary to decrease this variation. For head CT in infants and also 
abdomen–pelvis, further reduction in radiation exposure is required.
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Introduction
Computed tomography (CT) is an 
important diagnostic modality which has 
several unique applications,[1] and patient 
radiation dose is considerably higher than 
other diagnostic modalities. Recently, and 
with the introduction of multidetector row 
CT (MDCT), the clinical application of CT 
imaging has drastically increased.[1-4] The 
ability to diagnose different kinds of disease 
increased by both spatial and temporal 
resolution of CT[5] examination.

It should be noted that the more frequent 
use of CT has increased the total radiation 
dose increased either. Studies of exposed 
pediatrics to CT scan radiation have shown 
that these groups have an increased risk 
of cancer when compared to their peers 
who have not been exposed to CT.[6-8] Risk 
models based on epidemiologic findings 
have recommended that pediatric patients 
undergoing CT have a significantly increased 
lifetime risk of developing radiation-related 
cancer compared to adults, and the reason 
of this subject is related to their greater 

radiosensitivity and longer life expectancy.[8] 
The risk models have found an even higher 
risk of radiation-associated cancer in infants 
in comparison to older children.[8] Based on 
as low as reasonably achievable principle, 
optimizing radiation exposure levels in 
patients will reduce the potentially harmful 
effect of ionizing radiation.[9] Accordingly, 
the radiation dose must not be greater than 
what is clinically required.

Effective dose quantity has been 
recommended for comparing radiation 
dose values in different populations, 
protocols and institutions.[10,11] The effective 
radiation dose is probably the most widely 
and important radiation dose metric 
used for quantifying amount of absorbed 
dose in medical imaging procedures. 
The effective dose (ED) value is defined 
by the International Commission on 
Radiological Protection publication 103[11] 
as a weighted mean of organ radiation 
doses that has been chosen on the basis of 
the relative radiosensitivity of each organ. 
The ED value, therefore, presents the risk 
of radiation exposure in a population. 
In CT, the ED value is commonly 
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estimated by multiplying a console-reported radiation 
dose index (radiation dose-length product [DLP]) by a 
conversion factor (k factor).[11] Organ radiation dose and 
effective radiation dose are required to estimate the risk of 
radiation-induced stochastic effects;[12] however, they are 
not readily available in scan records or image metadata.

Previous studies had evaluated diagnostic reference level 
of CTDIvol and DLP of pediatrics in Tehran province.[13,14] 
Two approaches were considered for the calculation of 
effective radiation dose.[13] First, by National Cancer 
Institute CT (NCICT) software or the other dosimetric 
software such as Impact CT which are based on Monte 
Carlo simulation.[13] Second, by using DLP and conversion 
factor to calculate the effective radiation dose separately 
for different irradiated part of the body.[13] Previous studies 
indicated that the use of DLP method always underestimated 
the effective radiation dose and it will have underestimation 
in calculation of radiation cancer risk.[15] Therefore, we 
applied NCICT software to calculate the ED value and 
ultimately the results compared with previous study of 
DLP methods and Impact CT software. In this study, we 
evaluate the pediatric effective radiation dose in routine CT 
procedures for pediatric medical imaging centers in Tehran 
province. Better estimation of effective radiation doses will 
be helpful to optimize clinical protocol, developing clinical 
decision-making models and future epidemiologic studies.

Materials and Methods
Computed tomography scanners and data collection

There were five referrals pediatric medical imaging centers 
which have been using a CT scanner in Tehran province. 
All of them have been reviewed for quality assurance and 
control certification. Patient cohort has been retrospectively 
collected by searching our institutional database for 
pediatric patients who have undergone CT examination 
between Januarys 1, 2019, and March 30, 2019. Patients 
were stratified into four age groups (<1, 1–5, 5–10, 
and 10–15-year-old). In order to estimate effective 
radiation dose, the following parameters were recorded: 
tube voltage (kVp), tube current (mAs), scan length, 
CT radiation dose index volume (CTDIvol), radiation 
DLP, scanner specifications (model and manufacture), 
patient characteristic (age and sex), type of scan, and 
presence or absence of automatic exposure control (AEC) 
[Tables 1 and 2].

Radiation dose estimation

The estimation of effective radiation dose performed by 
NCICT software (version 2.01)[13] is shown in Figure 1. 
To estimate the absorbed dose received by organs, scan 
parameters such as kVp, mAs, pitch number, and scan 
length (distance from top of the scan range), volumetric 
CT dose index (CTDIvol), DLP, CT scanner specifications 
(model and manufacturer), and demographic information 
were extracted metadata available in dose report pages, 
then the absorbed organ doses (mGy) and ED (mSv) were 
estimated for 532 patients by NCICT software.

Statistical analysis

One-way analyses of variance were used to compare the 
average of ED values and Tukey’s post hoc test was used 
to compare ED values in different hospitals two by two. 
All analysis has been performed at a significance level 
of α = 0.05. The average of ED values and P value were 
calculated using SPSS version 22.0 (IBM, USA) and Excel 
version 2013.

Results
Patient cohort includes 583 patients that 532 of them were 
eligible and patient information was correctly recorded 
in this survey (median age was 4 years and male patients 
were 302 [56.7%]). The contrast agent administration has 
been done for 18.8% of patients (intravenous contrast 
media, oral contrast media or both). According to statistical 
analysis, head (41.47%), chest (23.55%), and abdomen–
pelvis (23.04%) were among the most common scans in 
five medical imaging centers followed by paranasal sinus, 
limb, and inner ears scan (12%). Therefore, head, chest, 
and abdomen–pelvis scans were evaluated [Figure 2].

There was a great variation in CT scanners among five 
centers; Table 1 summarizes the differences.

In most of the cases, the effective radiation dose results 
were lower than effective radiation dose which was 
calculated by impact CT and higher than values reported by 
DLP method[Figure 3]. Furthermore, scan parameters such 
as kVp, mAs, pitch factor, and scan length were different in 
five medical imaging centers (P < 0.05) [Table 3].

Also the average value of ED estimated, and the differences 
among centers were significant (P < 0.05). In head and 
chest exams, a reduction was evident by decreasing 
patients’ ages, but it has the opposite pattern in the 

Table 1: Characteristic of the computed tomography scanners in each center
Center CT company Model Number of slices Year of installation AEC presence
A GE Bright speed MSCT (16 slice) 2008 Yes
B Siemens Somatom emotion16 MSCT (16 slice) 2009 Yes
C Hitachi Eclos16 MSCT (16 slice) 2016 Yes
D GE High speed SSCT 2000 No
E Siemens Somatom emotion16 MSCT (16 slice) 2018 Yes
CT – Computed tomography; MSCT – Multislice CT; SSCT – Single-slice CT; AEC – Automatic exposure control
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01 abdomen–pelvic scans, the reason for this opposite pattern 
is the higher ratio of oral and intravenous contrast media 
abdomen pelvic scans in older patients [Table 3].

Discussion
Evaluating the ED is the purpose of this study, there are 
two standard methods for assessing the ED for patients, 
one is the use of dosimetry software and the other is the 
use of conversion factors to calculate the effective radiation 
dose for different irradiated part of the body separately. 
As previous studies showed that the application of the use 
of conversion factorsalways underestimated the effective 
radiation dose, we use NCICT software to calculate ED 
values and ultimately we compare the results of DLP 
methods with the results of dosimetric software such as 
Impact and NCICT [Figure 3].[13] As shown in Figure 3, ED 
values in the DLP method are much lower than the values 
reported in the software’s calculation. One of the reasons is 
that the ED calculation in software is done using computer 
simulations and is much closer to the actual ED values.

The effective radiation dose is greater in infants (<1 year) 
that may be due to the higher radiation sensitivity of this 
group and this is because the tissue half-value layer (HVL) 
in CT scanning is approximately 4 cm,[16] so that even 
small infants have dimensions of two to three tissue HVLs.

In pediatric patients, due to less attenuation of the primary 
beam,[16,17] the primary radiation intensities are higher than 
adults. In addition, pediatric patients are much smaller 
in comparison to adults, so attenuation of the resultant 
scattered photons is reduced. Finally, the mass of adjacent 
organs absorbs a much lower scattered radiation dose, 
therefore organ radiation dose increases. Scatter radiation 
is much more important in pediatric patients than in adults. 
Scatter radiations have particular importance in head CT 
examinations, where organs directly irradiated (e.g. brain) are 
relatively insensitive, whereas out of radiation field organs 
(e.g. thyroid and lungs) have relatively high radio sensitivity.

This study showed a wide range of CT scanners can result 
in significant radiation dose variation in different medical 
imaging centers [Table 3]. Huda and Tipnis reported that 
the effective radiation dose in neonates increases by 270% 
compared to adults when CTDIvol remains constant[16] 
and also because of the lower radiation dose in 
conventional head CT scans, it is recommended for infants, 
but helical head CT scans are preferred if patients cannot 
control their body movements or multiplane reconstruction 
is required. All head scans have been done in conventional 
mode except scans in center A, and it is one of the reasons 
for the higher effective radiation dose of head scans in this 
center [Table 3]. Yamazaki et al. and Huda and Tipnis also 
indicated the higher radiation doses of spiral head scanss 
in comparison to conventional scans and also decreasing 
patterns of effective radiation doses of head scans by age 
in their studies.[16,18]
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Another issue is the use of the AEC options such as tube 
control modulation (TCM) in pediatric CT scans. Different 
companies introduce this modulation by different settings 
in almost all MDCT scanners. Several studies affirmed 
the significant role of TCM in reducing the radiation dose 
without deteriorating the image quality in the neck, chest, 
abdominal, and pelvis in adult CT compared with fixed 
tube current.[19,20] Recently, all multislice CT scanners are 
equipped with this option where radiation dose is adjusted 
according to the patient.[21] In this study, we found that 
AEC is “ON”“ON” most of the time except in center D 
[Table 1] and it is the reason of increasing radiation dose 
in that center [Table 3]. Therefore, paying attention to 
this point can reduce patient radiation dose significantly. 
TCM changes the X-ray quantity by approximately 60% 
compared with the radiation dose from scans without this 
technique.[22-24]

We also evaluate CT scans which have done with and 
without intravenous or oral contrast media (approximately 
18.8% of patients). There are studies that confirmed 
the increasing effect of DNA damage by using contrast 
agents,[25-27] so biological damage may decrease by 
using low radiation dose CT scan techniques in contrast 
phases.[28] Center A is the only one that has a higher ratio 
of abdomen–pelvis exams with contrast media agent and 
it is one of the reasons for higher effective radiation dose 
in comparison to the other centers in the abdomen–pelvis 
procedures [Table 2]. The other reason for higher amounts 
of effective radiation dose in 10–15-year-old group in 
abdomen–pelvis scans is the high ratio of scans with 
contrast media in that group [Table 2].

One limitation of this study is that the population of this 
study was considered of five pediatric medical imaging 

Figure 1: NCICT software work environment. NCICT: National Cancer Institute computed tomography
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Figure 2: Frequency of CT examination in pediatric medical imaging centers 
of Tehran. CT: Computed tomography
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centers in Tehran province. Therefore, our results might not 
represent the definite estimation of pediatric CT radiation 
dosage in Iran. Participating of more hospitals and medical 
imaging centers in other province is necessary in order to 
establish the national radiation dose reference level.

Conclusion
This study tried to assess the effective radiation dose in 
pediatric CT scan in medical imaging centers in Tehran 
province. Variation of effective radiation dose in different 
medical imaging centers has been observed. This is mostly 
because of the following reasons: different type of CT 
scanners, presence or absence of AEC, and quantities of 
different exposure parameters such as kVp, mAs, pitch 
factor, slice thickness, and scan length. Radiation dose 
optimization is vital in pediatric imaging in any society 
because of the higher life expectancy to express the late 
effects of radiation. Radiation technologists can reduce ED 
by applying high-quality scanners, appropriate exposure 
factors, and low-dose protocols. The differences in scanner 
models and exposure parameters in different medical 
imaging centers are an important issues, especially in 
newborn head CT examinations.
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