
Introduction
The use of endovascular stent grafts has redefined the tradition-

al method of treatment for abdominal aortic aneurysm (AAA). 
This technique has been widely used in many medical centres as 
an effective alternative to conventional open surgery, especially 
in patients with co-morbid medical conditions.1,2 Unlike open 
surgical repair, the success of endovascular repair relies mainly 
on medical imaging. Helical computed tomography angiography 
(CTA) has been reported as minimally invasive techniques in both 
the preoperative planning and postoperative follow-up.3–7 the recent 
emergence of multi-detector computed tomography (MDCT) has 
demonstrated numerous potential advantages compared with con-
ventional single slice CT and invasive angiography. These include 
minimal invasiveness, high accuracy for detection of stenoses and 
dilative disease and complete visualisation of the entire arterial 
branches.8–10 However, the major drawbacks of MDCT are patient 
radiation exposure due to suboptimal scanning protocols. For this 
reason, the optimisation of radiation dose during MDCT scanning 
has been the topic of many recent studies involving chest disease, 
pediatric assessment and CT colonography.11–13 

The purpose of this study was to investigate the influence of 
radiation dose on image quality of MDCT angiography in pre-
aortic stent grafting, visualised by 3D CT virtual intravascular 

endoscopy (VIE) based on a human aorta phantom.

Materials and methods

Human aorta phantom
The study was conducted using a human aorta phantom.14 The 

phantom was built using medical rapid prototyping and was based 
on a typical patient with an AAA. All surrounding structures were 
excluded from the phantom, with the exception of the superior mes-
enteric artery (SMA), the renal arteries and the aortic aneurysm.

To perform the scans of the aorta phantom, it was placed in a 
specially designed, sealable perspex container. The container was 
filled with iodinated contrast medium (Omnipaque 350), which 
was diluted to 4% in order to produce 370 Hounsfield Units (HU), 
similar to that used in routine abdominal CT scanning.

CT scanner parameters
The scanner used for this study was a Toshiba Aquilion, 64 

detector CT scanner (Toshiba Medical Systems, The Netherlands). 
The detector collimation of the scanner is 64 x 0.5 mm. The rota-
tion time of the scanner was 0.5 sec and the tube voltage was 120 
kVp. The automatic dose modulator was turned off in order to 
keep the mA consistent for each scan. The field of view was kept 
constant at 180 mm, and a constant scan length of 110 mm was 
used with a matrix of 512 x 512.
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Figure 1 VIE images were measured in three anatomic locations, including 
SMA (A), right renal artery (B) and aortic aneurysm (C). Lines indicate the 
region of interest for measuring the pixel intensity.

Figure 2 A line profile shows the pixel intensity values measured at the SMA 
acquired with variable scanning protocols.

For scanning, the longitudinal axis of the phantom was placed 
parallel to the longitudinal axis of the gantry. Image data were 
acquired with different specifications according to the different 
scan protocols.

Table 1 shows the scan protocols used in this study. Note that 
each scan sequence has only one variable whilst all other factors 
were kept constant for ease of comparison in determining the opti-
mal scan protocol for CTA of AAA. The parameters used were 
dependent on the Toshiba scanner used to carry out the study.

After scanning, the CT data was burned onto computer disks 
and transferred to a workstation equipped with Analyze V 6.0 

(www.analyzedirect.com, Mayo Clinic, USA) for data process-
ing. A total of nine volume data sets were generated.

Image analysis and assessment
From each of the volume data sets, VIE images of the SMA, 

renal arteries and the AAA were generated (Figure 1). An upper 
threshold of 307 HU was selected for the removal of the contrast 
medium from the aorta, allowing visualisation of the internal sur-
faces of the aortic ostium and arterial wall.

The quantification of artefacts was based on the pixel intensity 
measured on each surface rendered VIE image. For greater accu-
racy, consistent settings were required to keep the VIE images 
identical in demonstrating each anatomical feature in all scanning 
protocols. This requirement was achieved by saving the camera’s 
spatial location (X, Y, Z coordinates) for each of the three VIE 
views from one data set (64 x .05), allowing the remaining data 
sets to demonstrate the same views by loading the previously 
saved camera positions.

Ideally, the internal surface of the aorta should appear smooth 

Table 1 Scanning protocols of MDCT angiography in the aorta phantom study

Test cone beam artefact by variable detectors

Slice thickness x No. of detectors Pitch kVp mA ED (mSv)

64 x 0.5 0.75 120 47 2.34

32 x 0.5 0.75 120 47 2.19

4 x 0.5 0.75 120 47 3.88

Test effects of dose on image quality 

Slice thickness x No. of detectors Pitch kVp mA ED (mSv)

64 x 0.5 0.75 120 30 1.00

64 x 0.5 0.75 120 50 1.67

64 x 0.5 0.75 120 70 2.34

64 x 0.5 0.75 120 100 3.34

Test effects of pitch on image quality

Slice thickness x No. of detectors Pitch kVp mA ED (mSv)

64 x 0.5 0.641 Detail 120 47 2.62

64 x 0.5 0.75 Original 120 47 2.34

64 x 0.5 0.828 Standard 120 47 2.18

64 x 0.5 1.484 Fast 1 20 47 1.52

ED = effective dose
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in a VIE image, free from artefacts. To measure the degree of 
stair-step artefacts present, an objective numerical approach was 
taken. For each VIE image, a line profile analysis was performed 
which provided the pixel intensity values along a prescribed path. 
Consequently, the standard deviation (SD) of the pixel value was 
measured to determine the degree of artefacts. A higher SD indi-
cated a greater variation of pixel intensities, which is consistent 
with the greater presence of artefacts.

Consistent line profiles were drawn across each of the images 
and the pixel intensity values were also recorded. These pixel 
intensity values were then transferred into Microsoft Excel® to 
produce a plot of pixel intensities versus pixel locations along a 
prescribed line. This graphic representation of pixel values also 
enabled us to assess the degree of artefacts present (Figure 2). 

To calculate the effective dose vs. scanning protocols, the dose 
length product (DLP) values (mGycm) was converted into effec-
tive dose values (mSv) using the following formula:15

ED = E
DLP

 x DLP
whereby ED: Effective Dose,
E

DLP
: Normalised Effective Dose (0.015 for abdomen),

DLP: Dose Length Product
The calculated effective dose values are a broad estimate and 

will not be entirely accurate.

Statistical analysis
The results were analysed using SPSS V 14.0 (SPSS Inc, 

Chicago, Il) and a linear regression analysis was performed to 
investigate the relationship between the SD, radiation dose and 
variable scanning parameters, in an effort to determine the opti-
mal scanning parameter for CTA of AAA.

Results
Table 2 shows the SD. measured from the VIE images gener-

ated from different scanning protocols, while Figure 3 presented 
these measurements in bar charts. The SD. measured in the vari-
able detector protocol shows a general pattern where the SD. 

values of the 64 x 0.5 and 32 x 0.5 scans were less than those 
measured in the 4 x 0.5 scans. The measurements in the AAA 
and the SMA demonstrated the lowest SD with the protocol of 64 
x .05 as the protocol being 35.4 and 19.6 respectively. The 32 x 
0.5 protocol provided the best image quality for the visualisation 
of renal artery, with the lowest SD value of 23.3. In contrast, the 
64 x 0.5 protocol of VIE at the renal artery resulted in S.D. value 
of 28.2.

For the different mA protocols, the same VIE mages were cre-
ated and measurements were taken. There was a common trend 
where the SD values measured in the level of renal artery and 
AAA with the 30 mA and 50 mA were higher than those mea-
sured in the 70 mA and 100 mA scans. The averaged 30 mA and 
50 mA SD values were 35.9 and 37.3 respectively; whilst the SD. 
in the 70 mA and 100 mA were significantly lower with 31.8 and 
29.3. In the location of SMA, the SD generally decreased with the 
increase of mA, except with 50 mA, which showed a significantly 
lower than that measured with 70 mA and 10 mA.  

Various pitch protocols were used in the study to determine 
which produces the lowest degree of artefacts (lowest SD). As 
shown in Table 2, the SD measured with the fast pitch always 
produced the highest SD when compared to that measured with 
other three pitch values.

Figure 4 demonstrates that the effective doses measured with 
the 64 x 0.5 and 32 x 0.5 detector scans are fairly similar and have 
mSv values of 2.34 and 2.19 respectively. This difference of 0.15 
mSv shows the similarity of the two scans in terms of radiation 
exposure. The 4 x 0.5 detector scan had a dose of 3.88 mSv and 
it is significantly higher than that measured with the other two 
scans.

The results showed that the effective dose increased with the 
increase of mA values, as shown in Table 1, which ranged from 
1.0 mSv to 3.34 mSv. However, image quality was improved with 
higher mA values. Figure 5 shows the VIE images acquired with 
30mA and 100mA, and the artefacts were less apparent when  

Figure 3 SD measured with variable detector protocols, mA and pitch values.
Figure 4 Effective radiation dose measured with variable detector protocols, 
mA and pitch values.

Table 2 SD measured on the VIE images generated from variable protocols

ROI Variable detectors mA Pitch (64 x 0.5)

64 x 0.5 32 x 0.5 4 x 0.5 30 50 70 100 Detail 
(0.641)

Original 
(0.75)

Standard 
(0.828)

Fast 
(1.484)

AAA 35.42 42.78 57.5 43.3 44.67 35.42 34.04 33.79 32.4 35.42 50.41

SMA 19.6 25.32 28.3 31.9 5.75 19.6 8.6 7.99 11.44 19.6 23.29

Renal 28.16 23.34 39.34 28.65 29.97 28.16 24.56 15.71 32.3 28.16 54.34

ROI = region of interest
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compared the VIE image generated with 100mA to that with 
30mA.

Changing the pitch value in the protocols affected the resultant 
effective dose. As observed in the current study, the fast scan 
had the lowest radiation dose and the detail scan the highest 
dose. Figure 6 shows a series of VIE images generated with vari-
able pitch values. The artefacts became apparent when the pitch 
increased to 1.484 (Figure 6D).

Figures 7 and 8 demonstrated the linear relationship between 
SD measured in renal artery vs and radiation dose vs pitch values, 
which is significant difference.

Discussion
CTA is non-invasive, easy to perform, less costly, and accom-

panied by minimal complications comparing with digital subtrac-
tion angiography (DSA). Several studies have investigated the 
diagnostic performance of MDCT angiography for the assessment 
of abdominal aorta. MDCT is superior to DSA in the preoperative 
assessment of AAA.16

Studies performed by researchers showed that CTA has high 
sensitivity and specificity for detecting aneurysms.16–18 They 

claimed that CTA has the ability to depict bony landmarks and 
proximity of the aneurysm to other vascular structures. This is 
important in treatment planning.18 Recent development of 64-slice 
CT in the imaging of aneurysms has further improved the imaging 
quality, by increasing both spatial and temporal resolution.19

In the study, three common factors (variable detectors, mA 
and pitch) that affect radiation dose with regards to image quality 
were evaluated. 

The results indicate that 64 detectors produce better image 
quality compared to the 32 and 4 detectors. This is consistent with 
the expectation that the more detectors used in image acquisition, 
the better the image quality. Fishman20 concluded in his study 
that using a 64 slice MDCT provides optimal spatial resolution, 
enables more detailed vascular mapping, more accurate stenosis 
measurement, better soft tissue detail and ultimately optimisation 
of data available for 3D visualisation.

There is a significant increase in effective dose when 4 detec-
tors MDCT is used, compared with 32 and 64 detectors MDCT. 
This contradicts with the expectations that 64 detectors MDCT 
may have higher effective radiation dose than 4 detectors MDCT. 
A possible explanation for this contradiction is the significantly 
longer scanning time (42 seconds) taken in the study for 4 detec-
tors compared to the 32 and 64 detectors (10 seconds and 7 
seconds respectively) with the same section thickness (0.5 mm). 
This is usually not the case in clinical environment, as a thicker 
slice thickness will be used for a 4 detector scan in order to cover 
the same scanning length as that obtained with 32 and 64 detec-
tors, thus the scanning time will be similar. Therefore, the results 

Figure 8 Scatterplot shows significant inverse relationship between radiation 
dose and pitch values.

Figure 5 VIE images of viewing the aortic aneurysm wall were acquired with 
a scanning protocol of 64 x 0.5, pitch 0.828, and mA 30 (A) and 100 (B). It is 
clearly shown that image quality is significantly improved when image was 
generated with 100mA with fewer artifacts. Lines indicate the region of inter-
est for measuring the pixel intensity.

Figure 6 VIE images of the SMA acquired with scanning protocol of 64 x 0.5 
and pitch values of (A) 0.641, (B) 0.828, (C) 0.75 and (D) 1.484 respectively.  
The SD increased from 7.99 to 23.29 when pitch increased from 0.641 to the 
fast level D.

Figure 7 Scatterplot shows significant direct relationship between the SD 
measured in renal artery vs pitch value.



The Radiographer 22

should be interpreted with caution.
Increasing technical factors such mA enhances image quality 

but as a consequence it increases patients’ radiation dose.21 Any 
increase in radiation dose must be justified, otherwise it should be 
minimised to ensure that the patient is not subjected to unneces-
sary exposure. In many cases, further increase in radiation dose 
does not necessarily improve image quality or the diagnostic qual-
ity of the examination.22

In the present study, the effective dose has increased more 
than three-fold when the mA is increased from 30 to 100 (Figure 
4), however, the SD value decreases by 6.68, which is minimal. 
This indicates that decreasing the mA during scanning will not 
compromise the image quality required for clinical diagnosis. The 
mild increase in diagnostic quality does not justify the three-fold 
increase in radiation dose.

However, subjective assessment of the images shows a significant 
difference in image quality that could make a difference in diagnosis 
(Figure 6). It is uncertain how much change in SD value will cause a 
significant difference in subjective image quality as this assessment 
was not performed in the present study. Further studies on subjective 
assessments of the images are strongly recommended. 

It is well known that as the pitch increases, radiation dose 
decreases, however, at the same time image quality will be com-
promised (Figure 6). The results further support this, whereby 
there is an inverse relationship between the degree of artefacts and 
effective dose when pitch is altered (Figures 7, 8).

There were a number of limitations in the study which should 
be addressed. First, it must be appreciated that the phantom was 
not designed to exactly replicate real aortic tissue. The phantom 
wall was constructed out of a dense material (perspex) which 
resulted in a higher CT number of approximately 170 HU, com-
pared with approximately 40 HU for aortic tissue. The internal 
surfaces of the phantom did not simulate the smooth muscle of an 
abdominal aorta due to tiny impurities. This complicated results 
as the 64 detectors data were providing higher SD readings, which 
were not indicating a greater presence of artefacts, but actually the 
detection of greater detail. 

Second, the study results were obtained from a static contrast 
fluid model. In the real environment where contrast enhanced 
blood is flowing, the contrast density varies along the vessel, 
which can affect image quality. No subjective image analysis was 
performed in this study, which is another limitation. Initially, data 
was acquired to test the effects of raw slice thickness on image 
quality, however, these results were omitted from the study due to 
a lack of data and time. 

Finally, measurement of the SD is operator-dependent and thus 
highly subjective. Assessment of inter-or intra-observer agreement 
needs to be considered when performing these measurements.

Conclusion
In conclusion, a human aortic phantom was successfully used to 

investigate the relationship of radiation dose and image quality in 
3D multi-detectors CTA. Based on the results, a 64 MDCT scanner 
with a scanning protocol of 120 kVp, 70 mA, and a pitch of 0.641 
is ideal for imaging of the abdominal aortic aneurysm enabling the 
generation of fewer artefacts and less radiation dose when com-
pared to other scanning protocols in the study. However, further 
studies should be performed in order to further support the results 
before recommendations for clinical practice can be made.
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