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Work was done at the University Clinic of Radiology in Skopje. While data were collected from 
2009 to 2011 the author worked there for the purpose of an international study initiated by the 
IAEA (International Atomic Energy Agency).1

The results from the study were published in the Radiation Protection Dosimetry Journal, the 
American Journal of Radiology and the European Radiology (Details in References). 

1. List of the facility’s CTDI and DLP for children from different age groups 

By 2013 more than 35 CT scanners had been installed in the Republic of Macedonia with big 
varieties in their performance.  There is no particular unit just for scanning paediatric patients.

Excluding emergency cases, CT examinations of paediatric patients in Republic of Macedonia are 
performed mostly at the University Clinic of Radiology in Skopje. The examinations are conducted 
on three CT scanners:  emergency cases on Siemens Balance (since 2007); while scheduled 
examinations on Siemens Volume Zoom (since 2006) and angiography CT examinations on Siemens 
Definition AS (since 2011). Nowadays the Siemens Volume Zoom is the scanner with the highest 
frequency of paediatric examinations in the country.

From 2009 to 2010, the IAEA initiated and coordinated an international study for assessing of 
frequency, magnitude of doses and the level of appropriateness in CT examinations of paediatric 
patients below 15 years of age.   In this poster, the national data collected for that study are presented 
[1,2,3]. During the study, only the first two scanners were in clinical use and the data presented are 
from examinations done on them. It should be mentioned that mA modulation cannot be carried 
out on either of the scanners, so CTDIw values depend only on predefined parameters in the scan 
protocol.
1 During the study the author worked at the University Clinic of Radiology as a medical physicist

A) Head examination in paediatric patients
In Table 1, are presented CTDIw values displayed on the monitors in default exposure protocols 
(adjusted according to patient age) for head examination in both scanners.   For patients above 
six years of age, scanner protocol exposure parameters were the same with the protocol for adult 
patients and scan range was divided into two sub-ranges with different slice thicknesses.  The scan 
mode was sequential.

Table 1: CTDIw values in default protocols  with reference to age

Head
examination

CTDIw (mGy)

< 6 m 6 m – 3 y 3 y – 6 y > 6 y adult protocol 

Siemens Balance 16.98 27.54 37.62 R1 (3 mm thick.)   35.57
R2 (8 mm thick.)   59.28

Siemens
Volume Zoom 14.10 22.10 32.00 R1 (4 mm thick.)    62.4

R2 (10 mm thick.)   52

From February to May 2010, 30 paediatric patients were scanned on Siemens Balance and 12 others 
were scanned with Siemens Volume Zoom, and data about patient size, age, kV, mA, rotation time, 
beam width, CTDIw and DLPtotal values were collected. 
In Table 2 summarises the average CDTIw and DLPtotal values in terms of patient age groups.

Table 2: Indicated CTDIw and  DLPtotal for group of paediatric patients (average values) 

Head
examination

< 6 m 6 m – 3 y 3 y – 6 y > 6 y adult protocol 
CTDIw 
(mGy)

DLPtotal   
(mGy x cm)

CTDIw 
(mGy)

DLPtotal 
(mGy x cm)

CTDIw 
(mGy)

DLPtotal  
(mGy x cm)

CTDIw 
(mGy)

DLPtotal 
(mGy x cm)

Siemens Balance 45.75 178.29 46.70 443.79 49.40 578.40 47.54 655.01
Siemens
Volume Zoom 54.25 348.4 62.4 582.4 62.4 547.74 57.2 605.28

By comparing CTDIw values between default and applied protocols in clinical practice, it can be 
concluded that radiographers applied adult protocols for head scanning in paediatric patients 
below six  years old. It was also established that applying two sub-ranges was common in clinical 
practice, except for patients under six months old.

B) Chest examination in paediatric patients
Table 3 presents CTDIw values in default protocols for chest examinations on both scanners. Between 
Siemens Balance and Siemens Volume Zoom there was a difference in patient size grouping in the 
chest default protocols.

Table 3:  CTDIw values in default protocols  with reference to patient weight

Chest
examination

Weight interval  (kg)
CTDIw (mGy)

Siemens Balance < 35 kg 
2.09

35 – 45 kg
4.61 

> 45 kg adult protocol 
6.08

Siemens
Volume Zoom

<15 kg
1.16

15 - 24 kg
1.54

25 - 34 kg
2.32

35 - 44 kg
3.86

45 – 54 kg
5.41

>55 kg adult 
protocol
6.84

In the table 4 the average CTDIw and DLPtotal values for total of 15 paediatric patients subjected to 
CT chest examination are presented. 

Table 4: Indicated CTDIw and DLPtotal for group of paediatric patients (average values)

Chest 
examination

CTDIw (mGy)  / DLPtotal  (mGy×cm)

Siemens Balance < 35 kg  35 – 45 kg  > 45 kg adult protocol
1.61 / 20.9 1.56 / 25.8 4.4.7 / 89.4  

Siemens
Volume Zoom

<15 kg 15 - 24 kg  25 - 34 kg 35 - 44 kg  45 – 54 kg >55 kg adult protocol 
6.8/86.6 1.52 / 76 / 6.84 / 137 8.1 / 64.8 8.1 / 122

Like in head examinations, CTDIw average values from patient examinations were higher than CTDIw 
in default paediatric protocols. Those findings suggest that there was inconsistency in the selection 
of paediatric protocols in terms of patient size and the application of adult chest protocol instead 
of dedicated paediatric protocol.

C) Abdominal examination in paediatric patients
Regarding the default protocols for abdominal examinations, two facts drew attention.  In the 
Siemens Balance scanner for patients weighing between 35-44kg and 45 – 54 kg  the CTDIw values 
were considerably higher than for >55 kg  patients weight, and the second one was  for the smallest 
group of patients (< 25 kg), the  difference in CTDIw values between the two scanners  was 200%.

Table 5: CTDIw values in default protocols  with reference to patient weight

Abdominal
examination

Weight interval  (kg)
CTDIw (mGy)

Siemens 
Balance

< 25 kg 
5.56

25-34 kg
8.49

35 – 44 kg 
13.12

45-54 kg
18.52 
9.36

> 55 kg adult protocol 

Siemens
Volume Zoom

<15 kg
1.52

15-24 kg
2.66

25-34 kg
4.18

35-44 kg
6.46

45 – 54 kg
9.12

>55 kg adult protocol
12,52

Table 6 summarises the indicated averages values of CTDIw and DPLtotal in abdominal examinations 
of ten paediatric patients. By comparing the indicated CTDIw with the CTDIw values in default 
protocols, it can be concluded that there is no consistency in applying paediatric protocols in 
abdominal examinations.

Table 6: Indicated  CTDIw and DLPtotal for group of paediatric patients (average values)

Abdominal
examination

CTDIw (mGy)  / DLPtotal  (mGy×cm)

Siemens Balance < 25 kg  25 - 34 kg 35 - 44 kg 45 - 54 kg  > 55 kg adult 
protocol

8. 53/ 178 14.04 / 246 6.77 / 213 / /
Siemens
Volume Zoom

<15 kg 15 - 24 kg 25 - 34 kg 35 - 44 kg 45 – 54 kg >55 kg adult 
protocol 

1.52/15.2 / / 12.3 / 241 / /
 
2. Information to indicate how radiation protection is promoted and practised

Useful information on the web site: https://rpop.iaea.org/RPoP/RPoP/Content/index.htm
IAEA, Patient Radiation Protection, Computed Tomography posters 

3. How radiation protection during paediatric CT is practised in the facility

Suggestions were given to radiographers for consistency in applying the dedicated protocols for 
paediatric patients.    
 
4. Assessment of the number of paediatric CT examinations that lack appropriateness

No data. This assessment is probably not applicable in the clinical practice
 
5.  Data on the percentage of dose reduction in CT of children

On the next graph the correlations between DLPtotal values and patient age for head examinations 
using adult and paediatric protocols are presented. In Siemens Volume Zoom the average DLPtotal 
value  was 4.11 times, while in Siemens Balance 2.57 times lower only if paediatric protocols were 
applied. (Note: repeated examinatiosn and contrast examinations were excluded from calculations).

DLP reduction
in Head 

DLPaverage (mGy×cm)

Adult protocol Paediatric protocols DLP reduction

Siemens Balance 537,55
(26 paediatric patients)

209,10
(7 paediatric patients) 257 %

Siemens
Volume Zoom

522,24
(30 paediatric patients)

126,9
(6 paediatric patients) 411 %
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6. How we child size our CT imaging

Usually by asking parents and accompanying persons about the patient’s weight, or by asking 
patients themselves.
 
7. Number of paediatric CT referrals that are reviewed by radiologists before giving 
appointments

No data
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