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Abstract 

A rapid increase in number of Computed Tomography (CT) examinations has been observed 

world wide. As haed CT is the most frequent CT examination, the purpose of this study was to 

collect and analyse patient doses in children and adults in different CT units for this 

procedure. The study included 8 CT units from three manufacturers (Siemens, Toshiba and 

General Electric). Data for adults and pediatric patients were collected in terms of CTDIvol 

and DLP values. The doses were estimated as a mean value of 10 patients on each CT unit. 

For pediatrics, doses were collected for four age groups (0-1year, >1-5years, >5-10years 

and >10-15years). Comparing different manufacturers and the same number of detector rows 

it was observed that, in case of 16 slices units, doses were very similar on Siemens and 

General Electric scanner. CTDIvol and DLP on Siemens scanner were 60 mGy and 1066 

mGy·cm, respectively, while on General Electric those values were 66 mGy and 1050 

mGy·cm. However, this trend was not observed in case of 64 slices units. CTDIvol and DLP 

values collected on Toshiba were much higher (177 mGy and 2109 mGy·cm) than in case of 

Siemens scanner (59 mGy and 1060 mGy·cm). Doses on 16 and 64 slices Siemens scanners 

were very similar, while on 4 slices were higher. Except in two units, doses were were in line 

with DRLs. In case of pediatrics, doses increase with patient age and again Siemens scanner 

showed the lowest values while the highest were observed on Toshiba.  

 

Introduction 

During the past years, an increased number of CT examinations and available CT scanners 

has been observed world wide [1, 2, 3]. According to most recent data, CT scanning 

contributes over 44% to the total collective effective dose from medical exposures [3]. 

Furthermore, patient doses in CT can be very high, resulting in an increased risk of radiation 
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induced cancerogenesis [4, 5]. This risk is higher in children as they are more radiosensitive 

and have longer life expectancy. Brenner et al. [6] reported a pediatric fatal cancer risk of 

approximately 1 in 900 and 1 in 1800 for abdomen or head CT respectively, for a single slice 

CT scan in case of a 1-year old child. Therefore, patient exposure in CT and possibility for 

dose reduction were investigated in many studies during the past ten years [7, 8, 9, 10, 11].  

As CT examination of head is the most frequent CT examination [12, 13], the purpose of this study was 

to collect and analyze patient dose levels in children and adults in different CT units for this examination. 

 

Materials and Methods 

Data were collected on 8 CT units from three manufacturers (Siemens, Toshiba and General 

Electric).  CT units are labeled with capital letters from A to H, for the purposes of this paper. 

Study included scanners with different number of detector rows (4, 16 and 64). Three CT 

units were dedicated only to pediatric patient. The characteristics of CT units are presented in 

Table 1. Annual frequencies of examinations were collected from hospital archive. The 

number of examinations is presented in Table 2.  

Patient doses were collected for standard head CT examination for adults and pediatric 

patients in terms of CTDIvol and DLP values. According to the definition of these quantities 

[14, 15], CTDIvol for one patient was estimated as a mean value of all phases while DLPs were 

taken as a sum of DLPs for a phase. The doses were determined as a mean value of doses 

from 10 patients on each CT unit using the values available on CT console. For pediatrics, 

doses were collected for four age groups (0-1year, >1-5years, >5-10years and >10-15years). 

Data for 120 pediatric patients, 170 in total, were included in this study. 

 

Table 1. Characteristics of CT units included in this study 

Manufacturer 
Number of 

detector rows 
Model 

Dedicated to 

adults/pediatrics 
CT unit 

Siemens 

4 Somatom Plus 4 Adults A 

16 Somatom Emotion 16 
Adults B 

Pediatrics C 

64 Somatom Sensation Adults D 

General 

Electric 
16 Bright Speed 

Adults E 

Pediatrics F 

Toshiba 
16 Aqulion 16 Pediatrics G 

64 Aqulion 64 Adults H 
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Table 2. Number of examinations in 2010 

 Number of examinations 

CT unit Head exam Total Exams 

A 1950 6000 

B 2870 6900 

C 1130 1380 

D 1690 6140 

E 21000 47800 

F 900 1140 

G 320 630 

H 350 1200 

 

Results 

Results from this investigation are presented in Table 3. CTDIvol and DLP values represent a 

mean value of at least ten patients on particular CT unit. 

 

Table 3. Mean dose values for standard head CT examination 

CT unit 

 

Dedicated to 

adults/pediatrics 

Mean dose values 

CTDIvol 

(mGy) 

DLP 

(mGy·cm) 

A Adults 74 1020 

B Adults 60 1066 

C 

 
Pediatrics 

0-1 15 250 

1-5 20 340 

5-10 20 500 

10-15 25 600 

D Adults 59 1060 

E Adults 66 1050 

F Pediatrics 

0-1 25 400 

1-5 35 570 

5-10 35 570 

10-15 40 600 

G Pediatrics 

0-1 25 500 

1-5 45 1200 

5-10 50 1080 

10-15 70 1900 

H Adults 177 2109 
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Discussion 

The number of head examinations ranged from 29 to 82% of the total number of examinations 

performed annually on particular CT unit. The highest percentages (82, 79 and 51%) were 

observed on CT units dedicated to pediatric CT examinations.  

CTDIvol values obtained for adults in this study range from 59 to 177 mGy, while DLP values 

were from 1020 to 2109 mGy·cm. Doses collected for pediatric patients were much lower 

compared to those in adults. In addition, the results from this study showed an increasing 

trend in doses while going to higher age group, indicating the use of appropriate protocols 

depending on patient age. 

Doses estimated in this study were compared with DRLs. These levels for pediatric patients 

are available only as national DRLs. In this investigation, much higher values compared to 

DRLs [13] were observed only on Toshiba CT unit (unit H) for adult patients. DLP was twice, 

while CTDIvol was almost three times higher than reference level. Regarding CT units 

dedicated to pediatric patients, CTDIvol values were in line with estimated national DRLs [16, 

17, 18, 19]. However, an increased DLP values were observed on Toshiba CT unit (unit G).  

Comparing scanners with different number of detector rows, values observed in this study for 

adults showed very similar trend for 16 and 64 slices CT units from Siemens and GE (units B, 

D and E). Four slices Siemens CT unit (unit A) showed higher value in CTDIvol, while DLP 

was in line with previous mentioned units. Doses that came from 64 slices Toshiba CT unit 

(unit H) were much higher compared to other units in this study. There are published results 

that show increased trend in patient dose with multislice CT (MSCT) technology [20, 21, 22]. 

The increase in dose with MSCT is partly associated with the need to scan a slightly larger 

volume than is planned in order to get sufficient data interpolated to reconstruct the first and 

last slice. Usually there is an additional half rotation at the beginning and the end of the 

intended scan length, which may account for an increase in dose [20, 21, 22]. From the other 

hand, there are also investigations that showed different trend in dose while increasing 

number of detector rows [23]. Regarding the doses on CT units with the same number of 

detector rows, but from different vendors, it can be seen that those are very similar on 

Siemens and GE 16 slices units (units B and E). However, comparing 64 slices Siemens and 

Toshiba CT scanners (units D and H) much higher values are obtained on Toshiba. 

 

Conclusion 

This paper presents data on patient exposure level on different CT units for adults and 

pediatric patients for standard head CT. Even the estimated values on 6 of 8 CT units were in 
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line with reference levels and pediatrics doses were much lower than those in adults, special 

attention must be paid when performing head CT. Patient doses in CT can be very high, 

especially if the patient is a child. Therefore, only justified CT examinations should be 

performed using protocols that are optimized according to patients’ size. 
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