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Abstract

Purpose.  To share our experience of reviewing paediatric coronary computed tomography angiography (CCTA) dose using a GE 
Revolution EVO computed tomography scanner. 

Methods and materials.  This study had three phases. Phase 1 consisted of validating the scanner’s DLP by measuring the GE 
Revolution EVO CT dose using a test phantom. Phase 2 retrospectively analysed the paediatric dose of the first two CCTA cases 
and was followed by a prospective analysis of the next six CCTA cases treated at Nelson Mandela Children’s Hospital (NMCH). 
Phase 3 consisted of image quality analysis by three radiology consultants. 

Results.  The percentage differences between the displayed and estimated CTDIvol were well within the limits prescribed in lit-
erature. A dose reduction of 2.32 mSv was seen in the prospective cases when compared to the retrospective results. A 5-point 
radiologist rating revealed that the diagnostic radiologists were overall satisfied with the subjective image quality even after 
changes made to the scan parameters. 

Conclusion.  Small changes in scan parameters can reduce the dose to children significantly whilst keeping image quality for 
CCTA cases. 
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INTRODUCTION

Exposure to ionising radiation is of special 
concern in children because of the greater 
vulnerability to radiation effects of this 
population compared to adults. The organ 
doses to children are much higher than 
that of adults. Children are more sensitive 
to radiation-induced cancer than adults, 
especially since they have many years of 
life ahead.[1] Knowing this the radiology 
team at Nelson Mandela Children’s Hos-
pital (NMCH) created paediatric protocols 
for all computed tomography (CT) cases 
treated at the institution, in order to de-
liver radiation doses that are as low as rea-
sonably achievable (ALARA). 

Coronary computed tomography angiog-
raphy (CCTA) is often used as a non-inva-
sive imaging modality for the evaluation 
of coronary artery disease. Its advantages 
include high spatial resolution, fast pa-
tient throughput, and relatively low cost 
compared to other advanced cardiovas-
cular modalities.[2] Protocols, based on 
mass (weight), were determined using 
nominal tube voltage settings and auto-
matic tube current modulation for CCTA. 
Several authors have recommended re-

ducing the tube current-time product or 
the tube potential or both as a function 
of patient size, with the goal of obtain-
ing constant diagnostic quality and image 
noise at reduced radiation.[2-6] CCTA 
protocols, which are based on patient 
size, tube current-time (mAs), and tube 
voltage (kV), should be designed to de-
liver radiation doses that are ALARA.[7]  
A patient’s radiation dose is directly pro-
portional to mAs; decreasing mAs leads 
to lower doses. Image noise (graini-
ness) is however inversely proportional 
to the square root of radiation dose.[8-9]  
Lower tube voltage leads to lower radia-
tion dose and better contrast; however, 
the image noise will increase. Automatic 
exposure control (tube current modula-
tion), compensates for beam attenuation 
at different sections of the body by chang-
ing the tube current to maintain constant 
image quality over a whole scan range.[10] 
Tube current can be changed both while 
the tube is rotating around the patient and 
as the table moves in the direction of pa-
tient’s long axis (z-modulation). Automatic 
exposure control (AEC) software predicts 
a patient’s attenuation beforehand from 
a topogram. Maintaining the same image 

quality is not always practical. In cases 
where there is more attenuating tissue at 
the end of the scan range, AEC tends to in-
crease the tube current on that area, even 
if a noisier image would be adequate for a 
diagnosis, such as evaluating lung tissue at 
the liver level. Setting the maximum tube 
current value for modulation can reduce 
a patient’s radiation exposure without 
compromising image quality Therefore a 
patient-centric approach should be adopt-
ed, whereby both the dose exposure and 
image quality are optimised. 

For the General Electric (GE) Revolution 
EVO CT scanner used in our study, the 
tube current (mA) is controlled both while 
the rotation angle of the tube is chang-
ing (xy-modulation) and parallel to a pa-
tient’s z-axis.[11] The latest planning image 
(scout), either posterior-anterior (PA) or 
anterior-posterior (AP) is used for calculat-
ing the required mA value. It is very im-
portant to centre a patient in the middle of 
a scanner aperture for proper mA modu-
lation.[11] Wrong centring increases a pa-
tient’s surface dose and negatively affects 
image quality. Even with these optimised 
scan parameters tailored to an individ-
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ual patient, the image quality issues still 
remain;the greatest impact on interpreta-
tion of the CT being misalignment and 
image noise. High-resolution CT of the 
chest is generally performed using mAs 
settings between 100 and 200. Lower-
ing the mAs value will result in increased 
image noise and a potential decrease in 
detecting low-contrast detail. Therefore 
care must be taken to ensure that image 
noise properties are appropriate for accu-
rate lumen segmentation. 

The CT dose volume index (CTDIvol) de-
scribes the radiation dose on a scanned 
area; this is measured in a standard qual-
ity assurance phantom.[12] The latter is an 
acrylic cylinder with diameters of 16 cm 
(head) and 32 cm (body). The weighted 
dose length product (DLPw); is the product 
of CTDIvol and the length of the scanned 
area. In the dose displays of most scan-
ners both CTDIvol and DLPw are given. 
Since the CT scanner dose display indi-
cates the radiation dose to a cylindrical 
standard size phantom, it does not take a 
patient’s size into consideration, and thus 
it does not indicate reliably the ’real radia-
tion’ dose received by a patient. For this 
reason, determination of a patient’s organ 
dose, effective dose and risk requires 
evaluation of the DLP with the conversion 
factors obtained from the scanning param-
eters as per recommendations from the 
International Commission on Radiologi-
cal Protection (ICRP).[13] The accuracy of a 
dose display reading is verified by regular 
measurements, as part of the quality as-
surance of scanners. The objective of this 
study was to preliminarily review paediat-
ric CCTA doses at NMCH. 

MATERIALS AND METHODS

Phase 1. Validation of the study’s DLP

To ensure that the study’s DLP that was 
used was correct, the researchers inde-
pendently verified the scanner’s CTDIvol 
through an experimental procedure. A 0.6 
cc ion chamber, electrometer, thermome-
ter, barometer, 16 cm diameter (head) and 
32 cm diameter (body) phantoms were 
used. The phantoms and set-up are dem-
onstrated in Figure 1. The scanning param-
eters used were 120 kV and 300 mAs for 
the body phantom; 100kV and 260 mAs 
for the head phantom. Both scans had a 
pitch of 1 and a beam width of 10 mm. 

Using equations 1 and 2 the CTDIvol was 
calculated and compared to the displayed 
CTDIvol on the screen.

Phase 2. Retrospective and prospective 
analysis of the CCTA paediatric cases

The DLP of the first two CCTA cases 
scanned in the radiology department at 
NMCH was retrospectively reviewed. This 
was followed by a prospective review of 
six CCTA cases. The data collected were 
not gender specific. There were no inclu-
sion or exclusion criteria in this study as 
they would not have added any value. 

All eight cases underwent a lateral (LAT) 
and anterior-posterior (AP) scout cover-

ing the heart and coronaries. This was 
followed by an ECG-gated axial data ac-
quisition of the coronaries, whereby the 
’smart preparation’ automatically triggered 
a diagnostic scan. The scan parameters of 
all eight cases are demonstrated in Tables 
1 and 2. The first two cases were scanned 
with a slice thickness of 1.25 mm; the next 
six had slice thickness of 2 mm; all of the 
cases (n=8) had a pitch of 1.5. 

The AEC modulation for the diagnostic 
scan had a range of 80-210 for the first 
two cases and 60-120 for the next six 
cases. The estimated dose length product 
(DLP) as displayed on the scanner’s screen 
was used to calculate the paediatric effec-
tive dose using equation 3.

where,
e = effective dose 
k = is the correction factors as per ICRP 
103 for new born chests (Table 3)

Phase 3. Image evaluation by three 
radiologists

Image evaluation was performed on a 
standard 3D-enabled workstation, GE Ad-
vantage Sim with a standardised window 
level. Each subject was analysed inde-
pendently by three paediatric radiologists 
in terms of image quality. The criteria for 
image quality were the subjective percep-
tion of image noise, soft-tissue contrast, 

CTDIw

PitchCTDIvol =

CTDIw = +CTDI 100
centre CTDI 100

periphery1
3

2
3

Figure 1. CTDI phantom.

(Equation 1)

(Equation 2) e = k × DLP

(Equation 3)

Table 1. Scan parameters of the retrospective cases

SCOUT SMART PREPARATION DIAGNOSTIC SCAN

Pre-set time  
delay (s)

mA mA Range Pre-set kV

Case 1 AP and LAT 1 30 60-350 100

Case 2 AP and LAT 1 30 60-350 100

Table 2. Scan parameters of the prospective cases

SCOUT SMART PREPARATION DIAGNOSTIC SCAN

Pre-set time  
delay (s)

mA mA Range Pre-set kV

Case 3 AP and LAT 2 30 40-200 80

Case 4 AP and LAT 2 20 40-200 80

Case 5 AP and LAT 2 10 40-200 80

Case 6 AP and LAT 2 10 40-200 80

Case 7 AP and LAT 2 10 40-200 80

Case 8 AP and LAT 2 10 40-200 80
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and degree of image degradation by arti-
facts. All structures were assessed using a 
5-point scale for diagnostic quality: 1=un-
acceptable; 2=suboptimal; 3=adequate; 
4=good; and 5=excellent. On the basis of 
the individual scores an average quality 
score was calculated for each patient. The 
image quality mean (x̄ ) was also calcu-
lated using the following formula:

where, 
xi is the sum of all the scores
n is the number of samples

RESULTS

Phase 1. Validation of the study’s DLP

The results of the independent CTDI 
measurements are given in Tables 4 and 5.

The DLP findings are presented in Tables 
6 and 7.

Phase 2. Retrospective and prospective 
analysis of the CCTA paediatric cases

The results of the calculated effective 
doses for all paediatric cases are given in 
Tables 6 and 7.

Phase 3. Image evaluation by three 
radiologists

The results of the 5-point radiologists’ 
subjective image quality, blinded to the 
details of the CT datasets and parameters, 
are given in Tables 8 and 9. 

The image quality mean value for the first 
two cases was 3.9 ± 0.1; the mean value 
for the next three cases was 3.6 ± 0.3. The 
mean values overlap within the first stand-
ard deviation. 

The images of the prospective paediatric 
cases are presented in Figures 2 to 7. 

DISCUSSION

The percentage differences between the 
displayed and estimated CTDIvol were well 

below the limit prescribed by the ICRP of 
20%.[13] The displayed results used in this 
study were therefore validated. Cases 1 
and 2 were scanned using 100kV and a 
mA range of 60-350 mA for the diagnos-
tic scan. This resulted in an average effec-
tive dose of 5.68 mSv. A reduction of mA 
range to 40-200mA, and the kV to 80kV, 
resulted in an average effective dose of 
3.35 mSv. This was done for a range of pa-
tient masses. 

The population however is quite small 
and therefore a larger similar study is 
recommended. This study therefore rec-
ommends reduced scan parameters for 
paediatric cases. It also recommends 
weight categorised scanning parameters 
for paediatric CCTA cases. 

The image quality was maintained with 
these dose reduction methods; the three 
paediatric radiologists commented that 
they were overall satisfied with the sub-
jective image quality of all eight images. 
The researchers found that increasing the 
pre-set time delay for bolus/contrast de-
tection, and reducing the mA for these 
scans, advocated for the dose reductions 
discussed above. The radiologists how-
ever did highlight concerns related to pa-
tient positioning, which was not part of 
this study, and should be part of a larger 
similar study on CCTA optimisation. 

A limitation of our study is that ra-
diation dose was not directly meas-
ured. It was derived from the DLP. 
Furthermore, determining paediatric 

Table 3. ICRP 103 correction factors for new-borns

Tube  
Voltage  

(kV)
Chest

80 0.0823 mSv.mGy-1.cm-1

100 0.0739 mSv.mGy-1.cm-1

x̄   = xi

n

(Equation 4)

Table 4. The independently measured and displayed CTDIvol for the body phantom 

CTDI100 (rad)
Estimated  

CTDIvol (mGy)
Displayed  

CTDIvol (mGy)
Percentage 
deviation

Central 19.79 32.22 31.15 3.4%

Periphery (1) 40.51

Periphery (2) 40.17

Periphery (3) 33.78

Periphery (4) 39.30

Table 5. The independently measured and displayed CTDIvol for the head phantom  

CTDI100 (rad)
Estimated  

CTDIvol (mGy)
Displayed  

CTDIvol (mGy)
Percentage 
deviation

Central 65.28 64.52 63.05 2.3%

Periphery (1) 68.15

Periphery (2) 63.97

Periphery (3) 58.09

Periphery (4) 66.33

Table 6. Doses received by the retrospective cases

Mass (kg) Age (days)
Scanned DLP 

(mGy.cm)
Effective Dose 

(mSv)

Case 1 5.0 90 80.71 5.96

Case 2 4.0 22 73.13 5.40

Table 7. Doses received by the prospective cases

Mass (kg) Age (days)
Scanned DLP 

(mGy.cm)
Effective Dose 

(mSv)

Case 3 4.0 13 62.79 5.18

Case 4 2.5 6 50.39 4.15

Case 5 2.0 5 45.18 3.72

Case 6 4 12 16.60 1.36

Case 7 20 330 26.93 2.22

Case 8 5 60 42.74 3.52
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Table 8. Image quality on the retrospective cases

Radiologist 1 Score Radiologist 2 Score Radiologist 3 Score

Case 1 4 3.5 3.5

Case 2 4 4 4

Table 9. Image quality on the prospective cases

Radiologist 1 Score Radiologist 2 Score Radiologist 3 Score

Case 3 4 4 4

Case 4 3 3.5 3.5

Case 5 3 3.5 3.5

Case 6 3 3.5 3.5

Case 7 3 3.5 3.5

Case 8 3 3.5 3.5

Figure 2. Static axial “screen grab” image of case 3.

Figure 4. Static axial “screen grab” image of case 5.

Figure 3. Static axial “screen grab” image of case 4.

Figure 5. Static axial “screen grab” image of case 6.
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radiation dose is less straightforward 
than in adults because the DLP is cal-
culated on the basis of the CTDIvol,  
and the protocol for the measurement 
of CTDIvol is based on only two sizes of 
a cylindrical acrylic phantoms: 16 cm 
(simulating an adult’s head) and 32 cm 
(simulating an adult’s body). Phantom 
studies show that the mean imparted sec-
tion dose increases with smaller patient 
diameter because there is less tissue ab-
sorbing radiation.[8] Thus the larger diam-
eter phantom used would underestimate 
the measured doses. The eight CCTA 
cases studied in this paper are barely a 
representative of the paediatric popula-
tion at NMCH. This was a limitation of 
our study. Our study however shows how 
subjective image quality can be main-
tained whilst reducing paediatric dose. 

Figure 6. Static axial “screen grab” image of case 7. Figure 7. Static axial “screen grab” image of case 8.

CONCLUSION

All paediatric CT protocols/parameters 
should be reviewed according to paedi-
atric mass. The results presented in this 
paper showed how slight changes in the 
tube current, slice thickness and tube volt-
age can reduce the paediatric DLP, which 
was not at the expense of the image qual-
ity. 
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