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The purpose of our study was to compare the capability of the 320-detector row CT
(area-detector CT: ADCT) using the step-and-shoot scan protocol for small abdominal
vasculature assessment with that of the 16-detector row CT using the helical scan
protocol. Contrast-enhanced abdominal CT for preoperative assessment was
administered to 25 patients, 18 of whom, suspected of having lung cancer, underwent
ADCT using the step-and-shoot scan protocol, while the remaining 7, suspected of
having renal cell carcinoma, underwent 16-MDCT using the helical scan protocol. Two
experienced abdominal radiologists independently assessed renal interlobar and
arcuate as well as mesenteric marginal (Griffith point) arteries by means of a S-point
visual scoring systems. Kappa analysis was used for evaluation of interobserver
agreement. To compare the visualization capability of the two systems, the scores for
each of the arteries were compared by using the Mann-Whitney U-test. Overall
interobserver agreements for both systems were almost perfect (x>0.78). Visualization
scores for renal interlobar and arcuate, (p<0.0001) and mesenteric marginal (Griffith
point) arteries (p<0.05) were significantly higher for ADCT than for 16-detector row
CT. ADCT using the step-and-shoot scan protocol for small abdominal vasculature
assessment can be considered superior to 16-detector row CT using the helical scan
protocol.

INTRODUCTION

Accurate preoperative assessment of abdominal small vessels is an essential step for
effective and efficient abdominal surgical and radiological interventions. Contrast-enhanced
dynamic computed tomography (CT) with three-dimensional and multiplanar (MPR) image
reconstruction has been used for this purpose. Developments in CT technology, especially
optimized detector geometry with thinner slice collimation and increased gantry rotation
speed, have improved temporal and spiral resolution as well as visualization of small
abdominal vessels and detection of anomalies [1-6].

A new generation of CT systems with 320-detector rows (Area-detector CT or ADCT)
has recently become clinically available, making volumetric imaging possible. The ADCT
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system offers a single rotational acquisition, which covers 16 cm in the z-direction and
avoids interslice stitching artifacts and data interpolations, which is a substantial
improvement over standard helical CT acquisitions using single- and multi-detector row CT
systems. With this system, a complete volume data set covering the entire heart and/or brain
can be acquired at a single rotation, and several investigators have discussed the utility of
ADCT for cardiac and brain imaging [7-11].

However, when the ADCT system is used for abdominal imaging, acquisition of whole
abdominal CT images currently requires the use of a conventional helical scan protocol or a
step-and-shoot scan protocol with 320-detector rows. In addition, no reported studies have
dealt with whole abdominal imaging using ADCT. We hypothesized that ADCT using the
step-and-shoot protocol would have the same or better potential compared with that of
16-detector row CT for small abdominal vasculature assessment.

The purpose of this study was therefore to determine the validity of this hypothesis by
comparing the capability for small abdominal vasculature assessment of a 320-detector row
CT using the step-and-shoot scan protocol with that of a 16-detector row CT using the helical
scan protocol.

MATERIALS AND METHODS

Patient population

Prospective contrast-enhanced abdominal CT for preoperative assessment using an
ADCT or 16-MDCT system was administered to 25 patients, 18 of whom (13 males, 5
females; mean age: 71.2 yrs) were suspected of having lung cancer and were examined with
an ADCT (Aquilion ONE; Toshiba Medical Systems, Otawara, Japan) using the
step-and-shoot scan protocol (ADCT group) between July 2008 and March 2009. The
remaining 7 patients (6 males, 1 female; mean age: 58.9 yrs) were suspected of having renal
cell carcinoma and were examined with a 16-MDCT (Brilliance CT 16, Phillips Healthcare,
Best, the Netherlands) using the helical scan protocol (16-MDCT group) between December
2006 and July 2008. Body weight and body mass index (BMI) were obtained from the
patient chart. Risk of arterial damage (including history of myocardial infarction, angina
pectoris, hypertension, diabetes mellitus, arteriosclerosis obliterans, or dialysis on the charts)
was recorded.

This study was approved by the local ethics committee of our institution and informed
consent was obtained from all participating patients.

Data acquisition and processing

ADCT examinations were performed with the following parameters: 200-320x0.5 mm
detector collimation, 0.35 sec/ gantry rotation, 120 kVp, 400 mA, and 3-5 rotations. Each
subject was first examined with unenhanced CT. Next, 80 ml of iodinated contrast medium
(Iopamiron 370; Bayer Schering Pharma, Osaka, Japan) was injected at a rate of 3.0 ml/sec
followed by 20 ml of saline solution at the same rate, and this was followed by tri-phasic
contrast-enhanced CT scans with delay times of 40, 70, and 150 seconds after the start of
injection. All four scans covered the area from the diaphragm to the pelvic floor.

For the 16-detector row CT group, examinations were performed with the following
parameters: 16x0.75 mm detector collimation, 0.75 sec/gantry rotation, 120 kVp, 250 mA,
and 0.813 beam pitch. Each subject was first examined with unenhanced CT. This was
followed by the injection of 90 ml of iodinated contrast medium (Ilopamiron 370; Bayer
Schering Pharma) at a rate of 3.0 ml/sec and then of 20 ml of saline solution at same rate.
The scanning protocol for 16-detector row CT consisted of unenhanced and tri-phasic
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contrast-enhanced CT scans during the arterial, corticomedullary, and nephrographic phases.
Scan delays were 25-30 seconds for the arterial phase using automatic triggering, 60 seconds
for the corticomedullary phase, and 120 seconds for the nephrographic phase. For both the
unenhanced CT and nephrographic phase CT images, the scan range was set from the
diaphragm to the biacetabular line and for arterial and corticomedullary phase images, from
the diaphragm to bifurcation of the aorta.

Image Analysis

Two experienced abdominal radiologists, one with 8 and the other with 14 years
experience, independently assessed the visualization on a picture archiving and
communication system (PACS) workstation (ShadeQuest; Yokogawa Electric Corporation,
Musashino, Japan) of renal interlobar and arcuate as well as mesenteric marginal (Griffith
point) arteries on arterial-dominant phase axial and coronal reconstructed images. These
arteries were selected for the assessment because of their clinical importance [12-15] as well
as their locations which can cause image degradation due to motion or intestinal gas, or
reduced arterial contrast due to parenchymal enhancement.

For the assessment, a 5-point visual the following scoring system was used: 5, more than
two-thirds of the artery was clearly traceable; 4, more than one-third was clearly traceable; 3,
less than one-third was traceable; 2, presence of the artery was doubtful due to overall
indistinct demarcation; and 1, the artery was entirely untraceable. The length of a mesenteric
marginal artery was defined as the distance between the end of the ascending branch of the
left colic artery and the end of the left middle colic artery (Griffith point). Renal interlobar
and arcuate arteries assessed by ADCT were located in the upper, middle, and lower parts of
the bilateral kidneys (a total of 108 parts for 18 patients). Renal interlobar and arcuate
arteries assessed by 16-MDCT on the other hand were located in the upper, middle, and
lower parts of an unaffected kidney (a total of 21 parts for 7 patients). The arterial-dominant
phase was determined as the time when contrast-enhanced CT images obtained, that is, 40
seconds after the injection of the contrast medium for ADCT and 25-30 seconds after the
injection of the contrast medium for 16-MDCT.

Statistical analysis

The unpaired t-test was used for comparison of patient characteristics for the two groups,
as well as age, body weight, and BMI. To determine the interobserver agreement for small
vasculature assessment in the abdomen, the kappa statistics were evaluated as: poor
agreement (k < 0.01); low agreement (k = 0.01-0.20); moderate agreement (k = 0.21-0.40);
good agreement (k = 0.41-0.60); substantial agreement (k = 0.61-0.80); and almost perfect
agreement (k = 0.81-1.00) [16]. For comparison of visualization capability of the ADCT and
16-detector row CT systems, the visually assessed scores for every vessel examined with the
two methods were compared by using the Mann-Whitney U-test.

A p value of less than 0.05 was considered statistically significant.

RESULTS

All ADCT and 16-detector row CT examinations were successfully performed, and no
adverse effects were observed in this study. Representative cases are shown in Figures 1 and
2.
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Figure 1. 77-year-old female in ADCT group.

Coronal reconstructed 320-detector row CT
images using step-and-shoot scan protocol
clearly shows bilateral renal interlobar and
arcuate arteries (arrows). Visualization was
assigned a score of 5.

Figure 2. 64-year-old male in ADCT group.

Coronal reconstructed 320-detector row CT
image using step-and-shoot scan protocol
clearly shows mesenteric marginal artery

(Griffith point) (arrows) and left renal

interlobar and arcuate arteries (curved arrow).
Visualization of both arteries was assigned a
score of 5.

Comparisons of age, body weight, and BMI for the ADCT and 16-detector row CT
groups as seen in Table I show no significant differences between the two groups for any of
the parameters (p>0.05). As for risks of arterial damage, 5 patients in ADCT group and 2 in
16-MDCT group had hypertension, 1 patient in ADCT group had diabetes mellitus, and no
patient had history of myocardial infarction, angina pectoris, arteriosclerosis, or dialysis
obliterans, showing no significant differences between the groups.
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Figure 3. 47-year-old male in 16-MDCT group.
Coronal reconstructed 16-detector row CT image using helical scan protocol clearly shows
left renal interlobar and arcuate arteries (arrows). However, less than one-third of mesenteric
marginal artery (Griffith point) was traceable (arrowhead). Visualization of the arteries was
assigned a score of 5 and 3, respectively.

Table 1. Comparison of Age, Body Weight, and BMI for the Two Groups

ADCT group (n = 18) 16-MDCT group (n =7) p value
Age* 71.2 £ 11.1 (46-82) 58.9 £ 13.3 (44-74) 0.056
Body weight (kg)* 56.5+12.9 (35-83) 65.9 £ 9.8 (54-79) 0.072
BMI (kg/m?)* 21.7+4.2(13.5-29.4) 23.5+2.5(19.6-26.1) 0.21

*Values indicate mean + standard deviation (range).
ADCT: Area-detector CT (320-detector row CT); BMI: Body mass index

Visualization scores and kappa values are shown in Table II. Interobserver agreement for
every artery in both groups was assessed as substantial or almost perfect (x >0.78). In
addition, overall kappa values for the ADCT and 16-MDCT groups were 0.86 and 0.87
respectively, thus almost perfect. The consensus values for the two observers were therefore
used for further analysis of visual assessment.

Table I1. Kappa Values for Vessels of the Two Groups

Artery ADCT group (n = 18) 16-MDCT group (n=7)
Mesenteric marginal 1.0 (n=18) 1.0 (n=7)

Renal interlobar & arcuate 0.78 (n=108) 0.81 (n=21)
Overall 0.86 0.87

ADCT: Area-detector CT (320-detector row CT)
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Table I11. Visualization Scores for Vessels of the Two Groups

Artery ADCT group (n=18) 16-MDCTgroup(n=7) p value
Mesenteric marginal* 4.52 £0.69 (n=18) 3.86 = 0.64 (n=7) 0.044
Renal interlobar & arcuate*® 4.98 + 0.14(n=108) 4.43 +0.51 (n=21) <0.0001

*Values indicate mean + standard deviation.
ADCT: Area-detector CT (320-detector row CT)

DISCUSSION

Preoperative assessment of abdominal vessels is of vital importance for effective and
efficient planning and performance of abdominal surgical and radiological interventions.
Noninvasive assessment methods such as contrast-enhanced CT have gained acceptance over
the last few decades since conventional catheter-based angiography is relatively expensive,
time-consuming and above all, associated with certain risks to the patient including various
complications due to arterial catheterization. Several studies have demonstrated that
non-invasive multi-detector row CT examinations in combination with angiographic and
MPR images provide excellent preoperative anatomic information and can be used instead of
conventional catheter-based angiography of the abdomen [1-6].

ADCT has recently been utilized in routine clinical practice, making volumetric imaging
possible and providing a maximum of 16-cm acquisition in the z-direction in a single
rotation. With a detector width of 16cm, images of nearly the entire upper abdominal organs
such as liver, pancreas, and spleen can be acquired in a single rotation, while images of the
whole abdomen can be acquired in several scanning steps with reduced scanning time.

Turkvatan et al. reported that the sensitivity and specificity of 16-MDCT for the
detection of anatomic variants of renal arteries including accessory arteries and early arterial
branching of 59 living renal donors were 100% [1]. Our results constitute the first to
demonstrate that ADCT is better for small vasculature assessment than 16-MDCT without
any reduction in interobserver agreement.

The implementation of ADCT in routine clinical practice has led to the suggestion that
the wider cone-beam angle and scattering radiation may result in misaligned geometry on the
ADCT images. In fact, as the number of slices is increased, the divergence of the x-ray
beams also increases, which leads to more cone-beam artifacts. However, this misaligned
geometry may be reduced and improved by using several image reconstruction algorithms
[17-20]. Although image degradation may be due, as suggested, to misaligned geometry and
cone-beam artifacts, our results also demonstrated that ADCT using the step-and-shoot scan
protocol provides excellent abdominal vascular images that are superior to those obtained
with the 16-detector row CT system, and can be used for preoperative small abdominal
vasculature assessment in routine clinical practice.

In the field of oncology, moreover, perfusion CT has the potential to play a crucial role in
diagnosis, staging, prognostic evaluation, and assessment of biomarkers for monitoring the
response to therapies. However, perfusion measurement of abdominal organs and lesions
suffers from a limited range for cranio-caudal scans. However, Kobayashi et al. reported that
whole liver perfusion imaging was possible by using 256-detector row CT [21]. Greater
anatomic coverage would permit comprehensive evaluations of organ function and tumor
hemodynamics. Furthermore, ADCT features greater cranio-caudal coverage and can open
the door for routine clinical use of volumetric cine and perfusion imaging in the abdominal
field.

There are several limitations to this study. First, protocols for the two groups were not the
same, and the differences in contrast-enhancement techniques may have affected our results.
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Second, the number of patients involved was rather small, so that further studies with larger
populations are needed to verify our results. Third, ADCT was used for the lung cancer
patients in this study and 16-MDCT for the renal cell carcinoma patients. This might lead to
a selection bias and affect our results, since the ADCT group of lung cancer patients may
have had cardiovascular diseases such as cardiac dysfunction or vessel stenoses more
frequently than the 16-MDCT group, which would have resulted in lower contrast
enhancement in the vessels, even though no significant difference was found in risks of
arterial damage between the two groups. Finally, we only evaluated a limited number of
abdominal arteries and did not assess portal and abdominal veins.

In conclusion, ADCT using the step-and-shoot scan protocol can provide excellent
vascular images and can be used for pre-operative small abdominal vasculature assessment
in routine clinical practice.
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