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ABSTRACT

The purpose of this study was to investigate the optimal
scanning protocols of multislice CT (MSCT) angiography
in pre-aortic stent grafting, visualized on virtual
endoscopy (VE). A series of scans were performed on a
human aorta phantom with a 16-slice multislice CT
scanner with the scanning protocols as follows: section
thickness of 1.0/1.5/2.0/3.0 mm, pitch value of
1.0/1.25/1.5, and reconstruction interval of 50% overlap.
Signal to noise ratio and standard deviation (SD) of the
signal intensity on VE images were measured to
determine the image quality in relation to MSCT
scanning  protocols. Subjective assessment was
performed by two observers evaluating the degree of
artefacts and the configuration of the renal ostium
visualized on VE images. Our results showed that the
scanning protocol with a section thickness of 2.0 mm
resulted in the highest SNR and lowest SD compared to
other  protocols  (p<0.05). Subjective assessment
demonstrated that VE image quality was determined by
section thickness, but independent of pitch values. We
recommended the scanning protocol of section thickness
2.0 mm, pitch 1.5 with a reconstruction interval of 1.0
mm as the optimal one since it allows optimal
visualization of VE images of aortic ostia, fewer artefacts
and less radiation dose.

1. INTRODUCTION

Since it was first introduced into clinical practice in 1991,
endovascular aortic stent graft repair of abdominal aortic
aneurysm (AAA) has been widely accepted as an
effective alternative to conventional open surgery,
especially in patients with co-morbid medical conditions
[1-3]. Unlike conventional open surgical repair, the
success of endovascular repair of AAA cannot be
ascertained by direct observation and mainly depends on
radiological imaging. Helical CT angiography has been
regarded as the preferred imaging modality in both pre-
stent grafting evaluation and post-stent grafting follow-up

[4, 5]. The recent introduction of multlislice CT (MSCT)
has augmented the diagnostic value of CT angiography in
aortic stent grafting because of its fast scanning, high
spatial resolution and acquisition of nearly isotropic
volume data [6].

The role of MSCT angiography in aortic stent grafting
has been enhanced by a series of 3D postprocessings, and
virtual endoscopy (VE) is a rapidly evolving technology
that permits 3D visualization of both intraluminal aortic
artery branches and stent wires [7-10]. CT VE has been
reported to be valuable in the visualization of
encroachment of stent wires to aortic ostia [9-11]. While
MSCT is increasingly being installed in medical centres
with the number of CT detectors being increased from 4-
slice to 16-slice and 64-slice, MSCT angiography
together with subsequent 3D recon-structions will
continue to play an important role in planning patients
with AAA undergoing endovascular repair. Thus, there
is a clear potential for increased radiation doses to
patients. Consequently, there is increased attention and
necessity to optimize scanning protocol of MSCT
angiography with the aim of acquiring acceptable image
quality with less radiation dose. Therefore, our purpose
in this study was to investigate the optimal scanning
protocols in pre-aortic stent grafting, based on
visualization of VE images obtained on a 16-slice MSCT
scanner.

2. MATERIALS AND METHODS

2.1. Human Aorta Phantom

The study was performed on a human aorta phantom,
which was built based on a typical patient with an AAA
[12]. The diameter of superior mesenteric artery, left
renal and right renal artery was measured 7.6 mm, 5.3
mm and 6.7 mm, respectively. The phantom was housed
inside a perspex container, which was filled with
iodinated contrast medium (350 mg/ml, Omnipaque 350,
GE) with the CT attenuation of 450 HU. The phantom
wall was measured 170-200 HU, thus the CT attenuation
difference between the contrast medium and phantom
wall was 250-280 HU, which was similar to that used in
abdominal CT scanning.
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2.2.  MSCT scanning protocols

The scanner used for the study was a Siemens 16-slice
CT scanner (Sensation 16; Siemens Medical Systems,
Germany). The detector collimation of the scanner is
16x0.75 mm. The rotation time of the CT scanner was
0.5 second and the tube voltage was 120 kVp and tube
current was 200 mA for 1.0 mm scanning protocols with
pitch of 1.0 and 1.25, and 155 mA for the remaining
scanning protocols. A field of view of 94 mm, matrix of
512 x 512 and 180 ° linear interpolation algorithms were
used to reconstruct the images, resulting in an in-plane
resolution of 0.18 X 0.18mm. The phantom was placed
on the table of the scanner, parallel to the longitudinal
axis. Image data were acquired at section thickness of
1.0 mm, 1.5 mm, 2.0 mm and 3.0 mm, pitch value of 1.0,
1.25 and 1.5, and reconstruction interval of 50% overlap.

After scanning, CT data were burned into CDs
and transferred to a separate workstation for image
postprocessing. CT volume data were converted from
original DICOM (Digital Imaging and Communication in
Medicine) images using a commercially available
software Analyze V 7.0 (www.Analyzedirect.com, Mayo
Clinic, USA) for data processing. A total of 12 data sets
were generated. All data sets were reviewed in an
unblinded fashion by an experienced radiologist familiar
with axial CT and VE images of the abdominal CT
scanning (Z S). Effective radiation dose was measured
corresponding to each protocol.

2.3. Image analysis-quantitative assessment

Generation of VE images of the renal ostium, superior
mesenteric artery and the normal abdominal aorta was
obtained from each dataset. A CT threshold value of 300
HU was chosen to remove the contrast medium from the
aorta and generation of VE images of the internal
surfaces of the phantom was obtained.  Detailed
description of generating VE images has been described
elsewhere [10].

The stair-step artefacts were determined by
measuring the pixel intensity on the surfaced rendered
VE image. Consistent settings in each image were
required for ensuring greater accuracy. Standard
deviation (SD) of the pixel values was used to measure
the degree of stair-step artefacts observed on VE images.
A higher SD indicates more variation in the pixel
intensity, therefore demonstrating greater existence of
artefacts resulting in poor image quality. Measurements
of SD were taken at three anatomic locations, namely
superior mesenteric artery (SMA) ostium, right renal
ostium and the normal abdominal aorta using a line
profile [13].

Similarly, signal to noise ratio (SNR), calculated
as the ratio of CT attenuation and SD was measured in
the above-mentioned three locations in order to determine
the relationship between image quality and scanning
protocols.
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2.4. Image analysis-subjective assessment

The purpose of the subjective assessment was to
determine the optimum MSCT scanning protocols from a
clinical perspective. All examinations were evaluated by
two independent experienced reviewers (WJ, BL). The
reviewers were blinded to the scanning protocols and
recorded their assessment of the following two aspects
based on a 4-point scale scoring method:

® Clarity of the renal ostium. Score 1 indicates
that the renal ostium was not visualized, 2
visualized but distorted, 3 visualized and
normal and 4 visualized and perfect
appearance;
Presence and degree of stair-step artefacts.
Score 1 indicates marked artefacts, 2
moderate, 3 minimal and 4 no artefacts.

2.5. Statistical analysis

The results were analysed using SPSS 14.0 for Windows
(SPSS, Inc, Chicago) to determine the relationship
between the SNR, SD, radiation dose and variable
scanning parameters (section thickness, pitch and
reconstruction interval). A p value < 0.05 was considered
to be a statistically significant difference.

Three-factor experimental design was employed.
The factors were section thickness, pitch value and
reconstruction interval. The SNR and SD of signal
intensity were measured at three features, namely SMA,
renal ostium, and normal abdominal aorta. There were
two determinations of SNR and SD undertaken for each
of the 12 cells defined by the factorial design. An
analysis of variance of the resulting data, in accordance
with the factorial design, was computed for each of the
features.

Interobserver agreement for the evaluation of VE
images was assessed with the kappa (k) statistics.
Degrees of agreement were categorised as follows: k
values of 0.00-0.20 were considered to indicate poor
agreement; k values of 0.21-0.400, fair agreement; k
values of 0.41-0.60, moderate agreement; k values of
0.61-0.80, high agreement; and k values of 0.81-1.00,
excellent agreement.

3. RESULTS

3.1.  Quantitative assessment of VE image quality

VE images were successfully generated in all of these
volume data. Table 1 shows the SNR measured in all
scanning protocols. It was noted that the SNR was found
to be independent of section thickness and pitch in the
levels of SMA and normal abdominal aorta (p>0.05), but
dependent on section thickness in the renal ostium
(p<0.05), which was shown in Fig 1. SNR was the
lowest measured with 1.0 mm scanning protocols at three
locations, and the highest with 2.0 mm scanning
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protocols at renal ostium and normal aorta, indicating the MSCT scanning protocols SD
highest image noise generated with 1.0 mm section Section i Dose
thickness. thickness | Pitch | Leconstruction VA (mSv)
(mm) interval (mm) RRA Aorta
MSCT scanning protocols Signal to noise ratio 1.0 1.00 0.5 5.5 15.1 5.5 15.60
Section Reconstruction Normal 1.0 1.25 0.5 5.5 13.9 5.0 15.60
thickness | Pitch | . coonstructio RRA | SMA | orma 1.0 1.50 0.5 57 [ 131 | 7.1 | 12.09
interval (mm) aorta
(mm) 15 1.00 0.7 60 | 82 | 59 | 12.09
1.0 1.00 0.5 58 30 39 15 125 0.7 66 | 88 | 67 | 12.09
1.0 1.25 0.5 60 31 6l 1.5 1.50 0.7 7.0 9.6 6.8 12.07
1.0 1.50 0.5 54 52 59 . . . . . . .
15 T00 07 7 68 3 20 | 100 1.0 78 | 82 [ 82 [ 12.09
1.5 1.25 0.7 76 66 58 2.0 1.25 1.0 7.6 5.3 7.5 12.07
1.5 1.50 0.7 57 64 67 2.0 1.50 1.0 6.4 8.3 7.0 12.09
2.0 1.00 1.0 82 69 71 3.0 1.00 1.5 6.8 | 178 | 55 12.09
2.0 1.25 1.0 86 72 73 3.0 1.25 15 6.8 | 102 | 5.1 | 12.07
2.0 1.50 1.0 66 64 79
30 T00 G 33 102 7 3.0 1.50 1.5 8.4 11.3 6.2 12.07
3.0 1.25 1.5 62 63 55
3.0 1.50 1.5 66 75 61 Table 2. SD measurements in three anatomic locations.

Table 1. SNR measurements in three anatomic locations.
SMA-superior mesenteric artery, RRA-right renal artery
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Figure 1. SNR measured in the renal artery ostium with
variable section thicknesses.

Table 2 shows the SD measured in all of the
scanning protocols in the study. It is clearly shown that
the mean SD was measured the highest with 1.0 mm
scanning protocol, and the lowest with 2.0 mm scanning
protocol in the location of SMA, reaching statistically
significant difference (p<0.05), as shown in Fig 2. SD
was independent of section thickness or pitch value in the
other two anatomic locations. Effective radiation dose
was higher with 1.0 mm scanning protocol that that with
other scanning protocols, although this did not reach
statistically significant difference.

SMA-superior mesenteric artery, RRA-right renal artery

Mean SD in SMA, by Section Thickness
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Figure 2. SD measured in SMA ostium with variable
section thicknesses.

3.2. Subjective assessment of VE image quality

Table 3 shows that the mean scores from subjective
visual assessment of the renal ostium by two reviewers
which ranged from to 3.5 to 4. A renal ostium was
required to be smooth or perfect configuration to be
accepted for clinical diagnosis. Therefore, it was noted
that all of the scanning protocols were acceptable. It was
also found that visualization of the renal ostium was
independent of the section thickness or pitch values

Table 3 also demonstrates that the average scores
from subjective assessment of stair-step artefacts by two
reviewers, which ranged from 1 to 3.5. We considered a
score of 2 to 4 (moderate to no artefacts) to be acceptable
for clinical diagnosis. This meant that scans with
performed with 1 mm, 1.5 mm and most of the 2 mm
protocols were acceptable, while scans with 3 mm
scanning protocols were found to be unacceptable
because of the presence of marked artefacts.
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MSCT Scanning protocols Mean scores
t}?iicktxllzrsls Pitch Reconstruction Stair-step Repal
interval (mm) artefacts ostium
(mm)
1.0 1.00 0.5 3 4
1.0 1.25 0.5 3.5 4
1.0 1.50 0.5 3 3.5
1.5 1.00 0.7 2 4
1.5 1.25 0.7 2 3
1.5 1.50 0.7 2 4
2.0 1.00 1.0 2 3
2.0 1.250 1.0 1.5 3
2.0 1.50 1.0 2.5 4
3.0 1.00 1.5 1 3
3.0 1.25 1.5 1 3
3.0 1.50 1.5 1 4

There was excellent agreement between two
reviewers in the assessment of VE image quality for
evaluation of renal ostium with a kappa value of 0.833,
and moderate agreement for assessment of the degree of
stair-step artefacts with a kappa value of 0.722.

Figures 3-4 show examples of the effect of section
thickness and pitch on the visualization of the renal artery
ostium with regard to the degree of stair-step artefacts
and the configuration of renal ostium. It is clearly
demonstrated that image quality observed in the renal
artery ostium was affected when the section thickness
increased to 3.0 mm as apparent artefacts affected
visualization of the ostium, while image quality is
irrelevant of pitch values.

:
r-‘;_

C 1

Figure 3. VE images were acquired with variable section
thickness of 1.0 mm, 1.5 mm, 2.0 mm and 3.0 mm, pitch
1.0 with reconstruction interval of 50% section thickness
(A-D). It was noted that renal ostium was normal at all of
these images, however, the degree of stair-step artefacts
was scored to be minimal or moderate at 1.0, 1.5 and 2.0
mm (A-C), while it became marked while section
thickness reached to 3.0 mm (D).
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Figure 4. VE images were acquired with the same
section thickness of 2.0 mm, variable pitch values of 1.0,
1.25 and 1.5 (A-C). The renal ostium remained normal at
all images, and the stair-step artefact was scored to be
moderate by two reviewers at these three images,
indicating that image quality was independent of pitch
values.

4. DISCUSSION

Helical CT angiography has been widely used as a
preferred imaging modality in both pre-and post-aortic
stent grafting [4, 5]. MSCT is the latest development in
CT technology and is now becoming widely available
worldwide. With rapid introduction of 16-slice and 64-
slice scanners, the diagnostic performance of MSCT
angiography in clinical practice has been significantly
increased due to high spatial and temporal resolution
compared to earlier 4-slice scanners [14, 15]. MSCT VE
is currently being assessed as an additional 3D image
method to conventional imaging techniques for pre-
operative planning and post-operative follow-up of aortic
stent grafts [12, 16]. Few data exist however, on issues
regarding MSCT VE acquisition parameters. We
consider it important to optimize the MSCT scanning
protocol as the examination involves radiation to patients,
thus the effect of radiation exposure at MSCT scanning
must be taken into account while assessing its diagnostic
performance in aortic stent grafting.

Previous studies based on both single slice and
4-slice CT angiography showed that image quality of CT
VE was determined by collimation/section thickness, and
independent of pitch values [12, 13, 16]. The increase in
image noise can cause image degradation, mainly in thin
section protocols. This was also corroborated in our
current study. According to the results from a 16-slice
scanner, our findings are consistent with those reports to
some extent. SNR and SD measured with 2.0 mm
protocols demonstrated significant difference from those
measured with other protocols, indicating that a section
thickness of 2.0 mm, pitch 1.5 with 1.0 mm
reconstruction interval could be the optimal scanning
protocol in preoperative AAA. This allows generation of
VE images with fewer artefacts and less radiation dose
with acceptable image quality of the renal ostium. In
contrast, thinner section thickness, e.g. 1.0 mm or 1.5 mm
is not the ideal scanning protocol, as it resulted in
increased image noise or high radiation dose, although
good demonstration of the renal ostium could be achieved
with thinner section thicknesses. While the MSCT scan
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is performed with a relatively thick section thickness
such as 3 mm, as observed in the current study, VE image
quality is compromised due to the increased degree of
stair-step artefacts. Therefore, MSCT protocols with
thicker slice thickness (>2 mm) should be avoided in
imaging of aortic stent grafting.

Although 2D axial images are essential for the
assessment of abdominal aortic aneurysm prior to
endovascular repair, 3D reconstructions are often
required to complement the 2D axial images to provide
required information for preoperative planning of
endovascular repair of AAA [9, 17]. Currently, 3D
MSCT reconstructions have become a part of the clinical
protocol and this has been widely used as an effective
alternative to conventional angiography for preoperative
planning and the post-operative follow-up of aortic stent
grafts [17]. Most of the postprocessings are based on
multiplanar ~ reformation and  maximum-intensity
projection, while CT VE is considered to be valuable for
vascular surgeons to assess the morphological change of
the renal ostium which might be caused by the
deployment of suprarenal stents across the renal arteries
[8, 9, 11]. A combination of morphological change of
renal ostium and presence of stent wires in front of the
ostium could lead to the interference with renal artery
patency or renal function from a long-term point of view,
although this needs to be confirmed in further studies.
Another potential area that VE has a role to play is in the
postoperative follow-up of fenestrated stent graft, which
is a modified technique to treat patients with complicated
AAAT18, 19].

The phantom was designed to simulate
conditions comparable to in vivo MSCT angiography.
The renal arteries are not always parallel to the axial
plane and sometimes have an oblique course. In this
study, we built the aorta phantom based on real patient
data with an infrarenal AAA. The size of the aorta and
its branches were the same size as in a real patient. The
contrast medium was diluted to the CT attenuation
similar to that used in a routine abdominal CT
angiography.  Therefore, results obtained from the
phantom were applicable to clinical studies.

In general, radiation dose is proportional to the
tube current, the exposure time, and the square of tube
potential. The tube potential can be adjusted to control
the radiation dose. Studies have shown that radiation
dose can be reduced by reducing tube potential in chest
and abdominal CT angiography without significantly
compromising signal to noise ratio and contrast to noise
ratio [20, 21]. In addition, tube current modulation also
allows reduction of radiation dose in chest and abdominal
CT scanning [22]. The relatively high radiation dose
generated from 1.0 mm scanning protocol in our study
could be caused by the high mAs (200) compared to the
lower mAs in other protocols (155). However, the
effective dose of 12.07 mSv measured in our study is still
higher than the mean value (5.3-7.1 mSv) in routine
abdominal CT scan which was reported by the UK dose
review [23]. Therefore, these factors should be optimized
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when carrying out MSCT scanning in order to keep the
radiation dose as low as reasonably achievable.

We do acknowledge some limitations in our
study. The phantom used for the study was built from a
typical patient data, however, there is no blood flow in
the phantom which does not really simulate the real
environment. Also the wall of the phantom has a higher
attenuation (170-200 HU) than that of soft tissues of
normal abdominal aorta, which may have caused some
streak artefacts on VE images. The study was performed
in a static environment with CT attenuation remaining
constant throughout the scanning of the phantom,
however, in patients scanning, the blood flows inside the
aorta creating dynamic environment. Thus, the contrast
density varies along the abdominal aorta which may
affect image quality. Although the current and previous
studies confirmed that thinner collimation does not lead
to optimal scanning protocol, this needs to be confirmed
on 64-slice scanners since 64-slice scanners have become
widely available in clinical centres. Finally, we only
chose a small range of section thicknesses (1 mm to 3
mm), and did not include thickness more than 3 mm as
we consider that the section thickness more than 3 mm is
not routinely used in MSCT angiography performed with
the current 16- and 64-slice scanners. Addition of more
section thicknesses in the study could make our results
more convincing.

5. CONCLUSION

Our results showed that an optimal 16-slice MSCT
scanning protocol could be obtained with a section
thickness of 2.0 mm, pitch 1.5 and reconstruction interval
of 1.0 mm as it allows generation of VE images with
fewer artefacts, less radiation dose and acceptable image
quality for clinical diagnosis. =~ With the increased
application of 16-slice and 64-slice MSCT scanners in
clinical practice including the continuing application in
aortic stent grafting, our findings are useful for
optimization of the MSCT scanning protocol as it
provides guidance for clinicians to appropriately utilise
the latest imaging technique. Further studies correlating
64-slice with 16-slice MSCT with regard to the optimal
scanning protocol in aortic stent grafting deserve to be
investigated.
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