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Abstract: Paediatric dosimetry in radiation protection when compared with adults is based on radiation sensitivity of 

children to radiation. Children are known to be at a higher risk of developing radiation-induced cancer. The aim of this 

study was to determine the radiation doses to paediatric patients during computed tomography procedures (CT) so that a 

diagnostic reference levels (DRLs) could be proposed. DRLs are useful in high dose examinations such as CT to achieve 

collective dose reduction. Information about patients, protocol and CT system for 684 patients were recorded during 2019 

and 2020   from five CT scanners. The dose was determined in four age groups: 0-1 year, 1-5 years, 5-10 years, and 10-15 

years for the head, chest and abdomen protocols. The 75
th

 percentile of CTDIvol and DLP were considered as DRLs and 

compared with IAEC and Japan DRLs. CT dosimetry software Impact CT patient dosimetry calculator, version 1.0.4 with 

National Radiation Protection Board SR250 data set, was used to validate and compare scanner generated dose values. 

DRLs are proposed using CTDIvol (mGy) and DLP (mGy cm). The mean DRL of 43.6 and 922 for the head, 3.0 and 258 

for the Chest and 3.1 and 292.5 for the abdomen were established during the study. There was high deviation in head CT 

doses compared to the reported DRLs in IAEC and Japan. The established DRLs for head were higher than those available 

in other countries. This study showed the need for harmonization of radiation dose optimization of this protocol. 
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1 Introduction   

 

The use of computed tomography in medicine is now 

firmly established as an essential tool for diagnosis, and in 

many cases, it is a lifesaving resource used when rapid 

decisions are needed in case of emergency [1]. Normally, a 

patient undergoing CT examination would expect that the 

radiation dose impacted in different hospitals would be 

within a narrow range but a large number of surveys 

indicate that this is not the case [2]. It is increasingly being 

documented that patient doses are higher than necessary 

and the image quality in CT scans often exceed the level 

needed for confident diagnosis compared to other 

modalities such as Magnetic Resonance Imaging which 

uses non-ionising radiations [3]. Dose estimates in 

paediatric computed tomography (CT) have been an area of 

interest in recent years because of the increased awareness 

of the radiation risk associated with exposure from CT 

procedures in childhood [3,4,5]. The CT dose optimization 

for pediatric patients in most cases is more challenging than 

for adult because children are more radiosensitive to  

 
 

radiation [7], and they have longer lifetimes which allows 

potential radiation effects to manifest [8]. There are also 

large variations of body size and composition in terms of 

percentages of fat, muscle, and bone within each age group 

and across different groups [9,10,11]. Some clinical centers 

have applied age- and child-size–specific CT scan 

protocols, and their effect on dose reduction has been 

recognized [9,12,13]. 

In 1996, the International Commission on Radiological 

Protection [2] introduced Diagnostic Reference Levels 

(DRL) standardized at the 75
th

 percentile of imaging 

examination doses. In 2001, it promoted the use of local 

DRL to achieve best practice and obtain optimum range of 

values for the specific medical imaging protocols so that 

the radiation doses to patients are as low as compatible with 

the clinical purpose and the ALARA (as low as reasonably 

achievable) principle.  

The purpose of this study was to propose DRLs and 

estimate the effective doses to paediatric patients during 

head, chest, and abdominal CT scans for different age 
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groups.  

2 Methods and Materials 

2.1 Data Collection  

This study was performed during 2019-2020 at five 

hospitals in Uganda. These hospitals included Mulago 

National Referral Hospital (Kawempe), Mengo Hospital, 

Nile International Hospital, Uganda Cancer Institute, 

International Hospital Kampala, and International Medical 

Centre (Wandegeya). Data for 684 patients (410 were 

males while 274 were females) from five CT scanners were 

collected using the IAEA CT data collection tool form. The 

form requested for data that included the patient 

information: gender, age, height and weight; examination 

data: date, number of phases and scanning mode (axial or 

helical); exposure parameters: tube voltage, tube current, 

current – time product, rotation time and beam width; dose 

indexes recorded from the scanner console: weighted 

CTDIweight or volume CTDIvol for each sequence, and DLP 

for the whole examination.  
 

Since paediatric patients do not differ much in weight but 

rather on age, the data was clustered in the age groups: 0-l 

years, 1-5 years, 5-10 years and 10-15 years, respectively. 

Three body parts were studied; head, chest and abdomen. 

Clinical indications were not specified in the study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 Selection of CT Scanners 

Five scanners were used in this study, and all were multi 

slice with slices ranging from 16 to 64. They were all in 

position to display CTDIvol and the total DLP for a 

complete scan on the CT console.  Table 1 shows the 

manufacturer, model and installation year. The scanners 

had undergone quality assurance in the last 12 months and 

all tested using free in air phantom measurements, and their 

output was still satisfactory.  
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Percentages of solutions for sample preparation. 
 
 

Center 
Manufac

turer 
Model 

Year of 

installation 

Number 

of 

slices 

A Phillips 
Brilliance 

40 
2011 16 

B Phillips BigBore 2016 16 

C GE 
Brightspe

ed 
2013 16 

D Siemens 
Somatom 

go.Now 
2019 16 

E Siemens Somatom 2019 64 

 
Table 2: Patient dose during paediatric head CT. Dm is mean effective dose in mSv (**), DPL is in units of mGy cm (*). 

 

Age CTDIvol 

(mGy) 

DLP 

(*) 

Dm 

(**) 

IAEA, 2010 IAEA, 2015 Japan, 2015 

    CTDIvol DLP CTDIvol DLP CTDIvol DLP 

0-l  40.9  829 7.93 25.1    486 25.8 439 38 500 

1-5 43.1  908 5.40 38.3    584 36.1 536 47 660 

5-

10  

42.7  953 3.07 55.6    738 43.3 692 60 850 

10-

15 

47.5  997 2.69 59.7   987 53.0 835 - - 

 

Table 3: Patient dose during paediatric chest CT. Dm is mean effective dose in mSv (**), DPL is in units of mGy cm 

(*). 

Age CTDIvol 

(mGy) 

DLP 

(*) 

Dm 

(**) 

IAEA, 2010 IAEA, 2015 Japan, 2015 

    CTDIvol DLP CTDIvol DLP CTDIvol DLP 

0-l  2.3  104 4.41 3.0   52 5.2 129 5.5 105 

1-5 2.3 171 6.79 4.2    106 6.0 142 7.0 150 

5-10  3.1  276 4.48 5.5   250 6.8 171 7.5 205 

10-15 64.1  480 4.17 59.7   987 53.0 835 - - 
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The peadiatric head CT DRLs established in this study 

(Table 2) in terms of CTDI vol for head CT are similar to 

reference values from available reports, which vary 

between 25.1 and 40.9 mGy for the age group 0-1 year, 

between 36.1 and 47 mGy for 1-5 years, between 42.7 and 

60 mGy for 5-10 years and between 42.7 and 53.0 mGy for 

10-15 years [14, 15]. The established DLP values in this 

study almost doubled the values published. This could be 

attributed to the longer scan length, number of phases used 

and the use of non-optimized protocols.   

The chest CT CTDIvol obtained in this study (Table 3) were 

greatly lower than those published in the studies by 

Vassileva et al and Galanski et al [16,17].  However, all the 

proposed DRLs for DLP in this study are higher than those 

in referred studies by [16,17]. This can be attributed to the 

use of longer scan ranges and the use adult protocols on 

peadriatrics, as well as the fact that some scans exceeded 

one sequence.  

The CTDIvol obtained for the abdominal CT scan in this 

study (Table 4) had no much difference with those 

published in the studies by Vassileva et al and Galanski et 

al [16,17]. However, the DLP values nearly multiplied by a 

factor of 2. This can still be attributed to the longer scan 

ranges and more than one scan sequences in some of the 

abdomen examinations.   

The mean effective dose value estimates from this study are 

slightly higher than the values reported in literatures [18] 

for all the different protocols. The reported average 

effective dose values for the head, chest and abdomen are 2, 

7 and 8 mSv, respectively. The abdomen had the highest 

effective dose, because longer scan lengths is required to 

cover its volume.    

4 Conclusions 

The DRLs for CT examinations have been established for 

paediatric patients in Uganda. The  DLP values per 

procedure for head CT were higher than those for chest and 

abdominal CT scans. The reasons for higher DRLs were 

due to longer scan lengths, higher mA and lower pitch 

values used. This shows a huge optimization potential  

 

 

 

 

 

 

 

among almost all the centers and standardization of practice 

is also lacking. 
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