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Abstract To evaluate the feasibility of low-concentration
contrast medium (CM) for vascular enhancement, image
quality, and radiation dose on computed tomography aor-
tography (CTA) using a combined low-tube-voltage and
iterative reconstruction (IR) technique. Ninety subjects
underwent dual-source CT (DSCT) operating in dual-
source, high-pitch mode. DSCT scans were performed
using both high-concentration CM (Group A, n = 50;
Iomeprol 400) and low-concentration CM (Group B,
n = 40; Iodixanol 270). Group A was scanned using a
reference tube potential of 120 kVp and 120 reference mAs
under automatic exposure control with IR. Group B was
scanned using low-tube-voltage (80 or 100 kVp if body
mass index >25 kg/mz) at a fixed current of 150 mAs,
along with IR. Images of the two groups were compared
regarding attenuation, image noise, signal-to-noise ratio
(SNR), contrast-to-noise ratio (CNR), iodine load, and
radiation dose in various locations of the CTA. In com-
parison between Group A and Group B, the average mean
attenuation (454.73 £ 86.66 vs. 515.96 £ 101.55 HU),
SNR (2528 +£4.34 vs. 31.29 £4.58), and CNR
(21.83 & 4.20 vs. 27.55 £ 4.81) on CTA in Group B
showed significantly greater values and significantly lower
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image noise values (18.76 £ 2.19 vs. 17.48 &+ 3.34) than
those in Group A (all Ps < 0.05). Homogeneous contrast
enhancement from the ascending thoracic aorta to the
infrarenal abdominal aorta was significantly superior in
Group B (P < 0.05). Low-concentration CM and a low-
tube-voltage combination technique using IR is a feasible
method, showing sufficient contrast enhancement and
image quality.
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Abbreviations

CTA  Computed tomography aortography
CM Contrast medium

CNR  Contrast-to-noise ratio

DSCT Dual-source computed tomography
IR Iterative reconstruction
SNR Signal-to-noise ratio

Introduction

Computed tomography aortography (CTA) is a well-known
minimally invasive method used to reveal aortic vascular
anatomy and to detect pathologic conditions. CTA is fre-
quently used to diagnose and follow-up various aortic
diseases including acute aortic syndrome [1]. However,
CTA is often done using a high-concentration iodinated
contrast medium (CM) to acquire proper vascular attenu-
ation throughout the aorta, as well as a wide scan range.
This combination increases the total amount of iodine and
radiation exposure [2, 3]. Reduction of the radiation dose
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and the incidence and severity of CM side effects, espe-
cially in contrast-induced nephropathy (CIN), have been
addressed in many studies and the amount of iodine used is
an important risk factor in CIN [4, 5]. A low-concentration
iodinate CM may be helpful in reducing the iodine dose.

Several previous studies have shown that coronary CT
angiography or CTA using low-tube-voltage kVp and a
low-concentration of CM with iterative reconstruction (IR)
maintains the CT attenuation of coronary arteries and
image quality with the advantage of reducing the radiation
dose when compared with conventional coronary CT
angiography using high-tube-voltage and a high concen-
tration of CM [6, 7]. Nowadays, automatic exposure con-
trol (AEC) is being used to reduce the radiation exposure.
However, until now, there has been no study directly
comparing CTA using a low-tube-voltage kVp and a low-
concentration of CM with IR with conventional CTA using
a high concentration of CM and AEC with IR.

The purpose of this study was to assess the feasibility of
low-concentration CM for vascular enhancement, image
quality, and radiation dose on CTA using a combined low-
tube-voltage and IR technique performed using dual-source
CT (DSCT).

Methods

Patient population

Between January 2013 and May 2014, 105 patients who
were clinically referred for follow-up evaluation after
surgery for aortic diseases, or who had abnormalities of the
aorta, such as aortic aneurysm, acute aortic syndrome,
Takayasu arteritis, Marfan syndrome, and renovascular
hypertension, underwent DSCT scan. DSCT scans were
performed using Iomeprol 400 (400 mg I/ml, Iomeron,
Bracco, Milan, Italy) for patients from January to
September 2013 (Group A). From October 2013 to May
2014, the DSCT scan protocol was changed to the use of
Iodixanol 270 (270 mg I/ml, Visipaque, GE Healthcare,
Little Chalfont, United Kingdom) (Group B). Group A
patients were scanned with conventional CTA using AEC.
Group B patients were scanned with the low dose CTA
protocol and were further subdivided by tube voltage with
respect to body mass index (BMI <25 or >25 kg/m?).
Exclusion criteria included renal insufficiency (serum cre-
atinine >1.5 mg/dl) and poor image quality due to severe
motion artifact. Aortic dissection was another exclusion
criterion, as it causes inhomogeneous enhancement of the
aorta and separates the aortic lumen into true and false
lumens. Fifteen patients were excluded and a total of 90
patients were enrolled. The 90 patients enrolled were pre-
senting for CTA for a follow-up study after surgery
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(n = 25), or abnormalities of the aorta like aortic aneurysm
(n = 15), intramural hematoma of the thoracic aorta
(n = 20), a penetrating atherosclerotic aortic ulcer (n = 8),
Takayasu arteritis (n = 3), Marfan syndrome (n = 1), and
renovascular hypertension (n = 18). Sex, age, height, and
body weight in each patient were recorded from the med-
ical records. The Institutional Review Board approved the
analyses of the clinical and imaging data. Written informed
consent was not required as this investigation was
retrospective.

CT scan protocol

All procedures were performed using a second-generation
DSCT scanner (SOMATOM Definition Flash; Siemens
Healthcare, Forchheim, Germany) operating in dual-
source, high-pitch mode with a pitch of 2.0, collimation of
2 x 2 x 64 x 0.6 mm using a z-flying focal spot, rotation
time of 0.28 s, reference tube potential of 120 kVp, and
120 reference mAs of AEC (CARE kV, CAREdose 4D,
Siemens Healthcare) in Group A, and a tube potential of 80
or 100 kVp if BMI >25 kg/m” and fixed 150 mAs in
Group B. Scans in both groups were performed in a cran-
iocaudal direction during deep inspiratory breath-hold of
the entire chest, abdomen, and pelvis, including the supr-
aclavicular fossa to symphysis pubis. Contrast administra-
tion was controlled with bolus tracking and the region of
interest (ROI) was placed in the abdominal aorta at the
level of the upper pole of the right kidney. The automatic
trigger scan started 12 s after the attenuation threshold of
100 Hounsfield units (HU) in both groups. The total
injected amount of CM was decided according to the
patient’s weight (1.2 ml/kg) and each patient received CM
at a flow rate of 4.5 ml/s followed by a 40 ml saline chaser
through an 18-gauge needle in the antecubital vein using a
dual-syringe power injector (Stellant D, Medrad, Indianola,
PA, USA). The amount of total iodine used in each patient
was calculated as: [iodine concentration (mg I/ml) x
1.2 ml/kg x body weight (kg)]/1000 (mg/g).

CT image reconstruction

Original scan data were transmitted to the Siemens work-
station (SyngoMMWP VE40A, Siemens Medical Solu-
tions). Transverse images were reconstructed at 0.75 mm
slice thickness with a 0.5 mm increment using a sonogram-
affirmed IR (SAFIRE, Siemens Healthcare, Forchheim,
Germany) algorithm with a medium-sooth convolution
kernel (I30f), medium strength of level 3, image matrix of
512 x 512 pixels, and a field of view of 200-330 mm.
Additional multiplanar reconstruction (MPR) with a slice
thickness of 3.0 mm and an increment of 2.0 mm using the
same IR techniques was performed and transferred to a
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regular picture archiving and communication system
(PACS) workstation (Maroview V5.4.10.42, INFINITT
Healthcare, Seoul, Korea).

Image analysis

For quantitative evaluation of contrast enhancement,
attenuation, and noise values in various locations of the
ascending and descending thoracic aorta, and the suprar-
enal and infrarenal abdominal aorta were measured in
consensus by two radiologists with 9 and 2 years of
experience in interpreting CTA. To measure the values in
axial images, a circular ROI cursor was drawn to encom-
pass the vessel lumen with an effort to avoid calcification,
thrombus, and motion artifacts. The locations for each
measurement were the ascending and descending thoracic
aorta, suprarenal and infrarenal abdominal aorta at the
levels of the pulmonary trunk, left inferior pulmonary vein,
orifice of the celiac axis, and the inferior mesenteric artery
(Fig. 1). Attenuation and noise (standard deviation of the
measured attenuation) values expressed in HU within each
circular ROI were measured twice and the average value
was calculated at each anatomic site. Based on these
measurements, the signal-to-noise ratio (SNR) was calcu-
lated by the attenuation value/noise value of each anatomic
site. Attenuation of the right psoas muscle at the level of
the lower pole of the right kidney was also measured by
placing an ROI of 200 mm? [8]. Contrast-to-noise ratio
(CNR) was calculated as follows: CNR = (mean attenua-
tion of each site of aorta — attenuation of psoas muscle)/
noise.

Qualitative analyses were independently assigned in a
blind fashion by the aforementioned two radiologists, and
all images in the two groups were reviewed in random
order. All images were evaluated primarily at a window
level of 60 HU and a width of 1000 HU. Subjective image
quality was graded according to the quality of the general
image impression, enhancement, sharpness, and image
noise on CTA using a 5-point rating scale (5 = excellent;
4 = good; 3 = moderate; 2 = fair; 1 = poor). Grades of
2, 3, 4, and 5 were assumed to be diagnosable.

Measurement of radiation dose

The CT dose index volume (CTDIvol) and dose-length
product (DLP) were recorded during CT scans. The esti-
mated effective dose (ED) was calculated by DLP X k
(conversion coefficient) at the thorax, abdomen, or pelvis
as:

1, m or n, respectively C
Zk:l, 14+1, or m+1, respectively =k

22:1 Ck

EDT7A orP = DLP x
X TWFT,A orP-

Tissue weighting factors (TWFs) as DLP to effective dose
conversion coefficients were 0.017 in the thorax (T), 0.015
in the abdomen (A), and 0.019 in the pelvis (P) [9].

Data and statistical analyses

Statistical analyses were performed using statistics soft-
ware (SPSS, version 12.1.1, Chicago, IL, USA). Quanti-
tative data were expressed as the mean + standard
deviation (SD) and analyzed using an independent ¢ test in
normally distributed data and a Mann—Whitney U test in
non-normally distributed data. The independent ¢ test was
performed to analyze the differences between the two
groups regarding attenuation value, image noise, SNR,
CNR, and radiation dose. Repeated-measures ANOVA was
performed to evaluate the difference in homogeneity of
contrast enhancement between the two groups. The Chi
square test was used to determine the difference in pro-
portion to the subjective scoring for image quality between
both groups. Cohen’s kappa statistics were used to assess
inter-observer agreement for the subjective assessment of
image quality. The kappa value was analyzed using the
guideline of Landis and Koch (>0.81 almost perfect
agreement; 0.61-0.80 substantial agreement; 0.41-0.60
moderate agreement; 0.20-0.40 fair agreement; <0.20 poor
agreement) [10]. For all data analysis, a P value <0.05 was
considered statistically significant.

Results

Patient demographics are shown in Table 1. CT scans were
successful and diagnostic image quality was attained in all 90
patients (53 male, 37 female; mean age, 60.7 &= 17.3 years).
There were no significant differences in age, height, body
weight, BMI, or ejection fraction (EF) between the two
groups (P > 0.05).

Quantitative evaluation of contrast enhancement

The average mean attenuation (454.73 £ 86.66 vs.
51596 £ 101.55 HU), SNR (2528 £4.34 vs.
31.29 £ 4.58), and CNR (21.83 £ 4.20 vs. 27.55 £ 4.81)
on CTA images in Group B showed significantly greater
values and significantly lower image noise values
(18.76 £ 2.19 vs. 17.48 £ 3.34) than those in Group A (all
Ps < 0.05) (Table 2). Except for attenuation in the ascend-
ing aorta, there were significant differences in attenuation,
SNR, and CNR values at various locations of the ascending
and descending thoracic aorta, and suprarenal and infrarenal
abdominal aorta between Group A and Group B, with greater
attenuation, SNR, and CNR in Group B (P < 0.05) (Fig. I;
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Fig. 1 Measurement of the attenuation and noise values at four
different locations and visual homogeneity of luminal attenuation in
the aorta (a, b ascending thoracic aorta, ¢, d descending thoracic
aorta, e, f suprarenal abdominal aorta, g, h infrarenal abdominal aorta,
i, j curved planar reformation). The mean attenuation and noise values
are shown in the images. a, ¢, e, g, i A 41-year-old woman in whom a
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CT aortography was scanned using a tube potential of 120 kVp, 120
reference mAs and Iomeprol 400. b, d, f, h, j A 40-year-old women in
whom a CT aortography was scanned with low dose CTA protocol
and Jodixanol 270. These images of low-concentration contrast
medium and a low-tube-voltage combination technique show suffi-
cient contrast enhancement and image quality

Table 1 Patient demographic
data in the two groups

Group A (Iomeprol 400) Group B (Iodixanol 270) P value
Number of patients (male) 50 (29) 40 (22)
Age (years) 59.8 £ 17.3 61.9 £ 17.5 0.574
Height (cm) 164.3 £+ 8.4 163.2 + 8.8 0.544
Body weight (kg) 64.6 + 11.4 62.2 + 11.1 0.306
BMI (kg/m?) 239+ 33 233+ 35 0.417
EF (%) 58.6 £ 5.5 594 +93 0.771

Data values are presented as the mean =+ standard deviation

BMI body mass index, EF ejection fraction
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:t‘?ebrfsafiogfiﬁlnzaérésggfs;fsignal— Locations Group A (Iomeprol 400) Group B (Iodixanol 270) P value
to—poise 'ratio, and contrast-to- Ascending thoracic aorta
noise ratio .
Attenuation (HU) 484.95 £+ 99.51 523.89 £ 106.49 0.077
Image noise (HU) 16.52 + 3.50 15.62 + 3.51 0.231
Signal-to-noise ratio 30.08 £ 6.52 34.55 £ 6.84 0.002
Contrast-to-noise ratio 26.15 £ 6.05 30.52 £ 6.77 0.002
Descending thoracic aorta
Attenuation (HU) 480.24 + 92.74 535.39 £+ 108.84 0.011
Image noise (HU) 17.63 £ 3.18 15.89 £ 4.93 0.050
Signal-to-noise ratio 27.65 £ 5.14 34.89 £ 7.08 0.000
Contrast-to-noise ratio 24.05 £ 4.85 30.84 £ 6.97 0.000
Suprarenal aorta
Attenuation (HU) 465.50 &+ 89.97 531.30 + 111.84 0.003
Image noise (HU) 18.39 £ 291 18.77 £ 4.39 0.622
Signal-to-noise ratio 25.85 £5.97 29.62 + 7.08 0.007
Contrast-to-noise ratio 2242 £+ 5.67 26.17 £ 7.18 0.007
Infrarenal aorta
Attenuation (HU) 467.7 £ 90.45 534.61 £+ 117.23 0.003
Image noise (HU) 18.97 + 3.79 18.72 + 4.27 0.768
Signal-to-noise ratio 2548 + 6.26 3148 £7.79 0.000
Contrast-to-noise ratio 22.10 £+ 5.82 27.79 £ 7.74 0.000
Average
Attenuation (HU) 454.73 + 86.66 515.96 £+ 101.55 0.003
Image noise (HU) 18.76 £ 2.19 17.48 £ 3.34 0.032
Signal-to-noise ratio 25.28 £ 4.34 31.29 £ 4.58 0.000
Contrast-to-noise ratio 21.83 £4.20 27.55 £ 4.81 0.000
Data values are presented as the mean =+ standard deviation
HU Hounsfield unit
Table 2). No significant differences were found between the 580
two groups regarding the image noise at each of the four 560.]
locations in the aorta, although there were slightly lower ] P=0.007
overall image noise values in Group B. Regarding the 540
comparison of contrast enhancement homogeneity from the g 520 ]
ascending thoracic aorta to the infrarenal abdominal aorta, 5 | G
Group B showed a significantly more homogeneous attenu- S 500+ o—o A
ation level than Group A (P = 0.007; Figs. 1, 2). Compar- g 250, == b
isons of attenuation, image noise, SNR, and CNR in each |
location on CTA in the subgroups of Group B according to 460
BMI are shown in Table 3. There was a significant decrease 446,
in attenuation at each CTA location, except in the ascending ]
aorta in subgroup B (BMI >25 kg/m?) (P < 0.05). 4204

Subjective image quality

Qualitative image analysis regarding the general image
impression, enhancement, sharpness, and image noise
revealed mean scores of image quality that were all greater
than 4. Except for sharpness, the proportion of subjective
scoring for image quality regarding general image

AsdITA. Desc; TA. Slprzli RA. InfralRA.

Fig. 2 Attenuation at different anatomic locations in the aorta (Asd
TA ascending thoracic aorta, Desd TA descending thoracic aorta,
Supra RA suprarenal abdominal aorta, Infra RA infrarenal abdominal
aorta). In comparing Group A (Iomeprol 400) and Group B (Iodixanol
270), the average mean attenuation at the different locations in the
aorta in Group B show greater values than those in Group A, as well
as a superior homogeneous attenuation level of contrast enhancement
from the ascending thoracic aorta to the infrarenal abdominal aorta
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Table 3 Comparison of
attenuation, image noise, signal-
to-noise ratio, and contrast-to-
noise ratio in the subgroups of
Group B

Locations Group B (Iodixanol 270) P value
BMI < 25 kg/m® (n = 28) BMI > 25 kg/m® (n = 12)
Ascending thoracic aorta
Attenuation (HU) 543.20 +£ 111.21 478.83 + 81.75 0.080
Image noise (HU) 16.41 + 3.53 13.78 £ 2.78 0.028
Signal-to-noise ratio 34.19 £ 7.11 35.39 £+ 6.40 0.618
Contrast-to-noise ratio 30.34 £ 6.67 30.95 £ 7.29 0.798
Descending thoracic aorta
Attenuation (HU) 560.81 £+ 109.51 476.08 &+ 84.16 0.022
Image noise (HU) 16.83 £ 5.33 13.68 £ 2.98 0.063
Signal-to-noise ratio 34.67 £ 6.96 35.38 £ 7.64 0.776
Contrast-to-noise ratio 30.77 + 6.41 31.00 + 8.45 0.926
Suprarenal aorta
Attenuation (HU) 555.86 + 113.78 474.00 £+ 86.31 0.032
Image noise (HU) 19.42 + 4.05 17.26 + 4.95 0.158
Signal-to-noise ratio 29.82 £ 7.04 29.17 £ 7.48 0.795
Contrast-to-noise ratio 26.47 £ 7.06 2546 £ 7.72 0.690
Infrarenal aorta
Attenuation (HU) 559.48 £+ 120.42 476.58 + 88.79 0.039
Image noise (HU) 19.26 £ 4.46 17.45 £+ 3.62 0.223
Signal-to-noise ratio 32.15 £ 8.79 2991 £ 5.58 0.423
Contrast-to-noise ratio 28.39 + 8.67 26.40 £ 4.99 0.464
Average
Attenuation (HU) 538.39 £+ 101.52 463.61 + 83.61 0.031
Image noise (HU) 18.27 £3.23 15.64 £+ 2.96 0.021
Signal-to-noise ratio 31.25 £ 4.56 31.39 £ 4.83 0.931
Contrast-to-noise ratio 27.64 + 4.59 27.33 £5.51 0.856

Data values are presented as the mean =+ standard deviation
BMI body mass index, HU Hounsfield unit

impression, enhancement, and image noise were not sig-
nificantly different between the two groups (Table 4). The
inter-observer agreements of linear weighted kappa values
ranged from 0.69 to 0.81 (mean 0.78). There was sub-
stantial agreement between the two readers in subjective
ratings of image quality.

Iodine weight and radiation dose estimation

The administered iodine weight was significantly lower in
Group B (20.14 £ 3.58 g) than in Group A (31.02 +
5.48 g) (P < 0.05; Table 4). A 35 % reduction in iodine
weight was noted in Group B. Mean tube potential, tube
current, CTDIvol, DLP, and estimated effective radiation
dose was significantly lower in Group B than in Group A
(P < 0.01; Table 5). In comparison to Group A, the average
reduction in the mean estimated effective dose in Group B
was 33.8 %.
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Discussion

In the present study, attenuation, image noise, SNR, CNR,
as well as subjective image quality of CTA images scanned
with an intentionally reduced tube voltage using low con-
centration CM, were compatible with those obtained by
conventional CTA, even with the use of recently updated
AEC (care kV, care dose 4D) in DSCT in an effort to
decrease radiation exposure. The findings indicate that low
concentration CM and a low-tube-voltage combination
technique using IR is a feasible method for reducing
radiation dosages and iodine load.

In routine clinical practice, proper and homogeneous
vascular attenuation across the wide scan range of the
entire aorta is a primary goal in CTA. High concentration
CM in conventional CTA protocols is usually preferred.
However, a lower tube voltage helps to improve vascular
attenuation, especially when using low concentration CM
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g::)?afn‘i‘or?l(l)?fg:; zlcu(:rlllrtl}% on Group A (Iomeprol 400, n = 50) Group B (Iodixanol 270, n = 40) P value
CT aortography General image impression
Score 3 5 (10 %) 125 %) 0.060
Score 4 30 (60 %) 18 (45 %)
Score 5 15 (30 %) 21 (52.5 %)
Enhancement
Score 3 8 (16 %) 125 %) 0.105
Score 4 19 (38 %) 18 (45 %)
Score 5 23 (46 %) 21 (52.5 %)
Sharpness
Score 3 6 (12 %) 1 (2.5 %) 0.010
Score 4 22 (44 %) 9 (22.5 %)
Score 5 22 (44 %) 30 (75 %)
Image noise
Score 3 6 (12 %) 125 %) 0.073
Score 4 32 (64 %) 22 (55 %)
Score 5 12 (24 %) 17 (42.5 %)
Data values are presented as the number of patients
No patients had scores of 1 or 2
;I::lli)z:fi:n L%(ilem;’n:;;frh;ggi Group A (Iomeprol 400) Group B (Iodixanol 270) P value
Iodine weight (g) 31.02 £ 548 20.14 £ 3.58 <0.01
Tube potential (kVp) 99.60 £ 6.38 85.50 £ 9.04 <0.01
Tube current (mAs) 117.66 £ 27.86 150 4+ 0.00 <0.01
CTDIvol (mGy) 4.62 £ 147 3.06 £ 0.99 <0.01
DLP (mGycm) 322.86 £+ 110.56 214.00 £ 72.37 <0.01
Effective dose (mSv) 517 £ 1.77 342 £ 1.16 <0.01

Data values are presented as the mean + standard deviation
CTDIvol CT dose index volume, DLP dose-length product

without any change in the injection rate or total amount of
administered CM [11]. In fact, the reduced tube voltage
could make the mean photon energy in the X-ray spectrum
closer to the K-edge of iodine (33.2 keV), so reducing the
tube voltage leads to a higher mean CT attenuation value of
iodine [11-13]. However, an increase in the CT attenuation
of iodine achieved by reducing the tube voltage will
inevitably be accompanied by an increase in image noise
resulting in a lower SNR, CNR, and degraded subjective
image quality when compared to those obtained with a
higher tube voltage [14-16]. In a previous study investi-
gating renal vascular enhancement between 80 kVp-mod-
erate concentration CM (300 mg I/ml) and 120 kVp-high
concentration CM (370 mg I/ml), both renal vascular
enhancement and subjective image quality were better in
the 80 kVp-moderate concentration CM group [17].
However, in their study the authors used a sufficiently
increased effective tube current time product (585 mAs.g)

in their low tube voltage (80 kVp-moderate concentration
CM) CTA protocol. To overcome the image noise, the
present study introduced an IR technique using a low tube
voltage (80 kVp) and a low concentration CM (270 mg
I/ml) with a low fixed current (150 mAs) protocol and
found that the average of the mean attenuation and sub-
jective image quality, as well as the average image noise,
SNR, and CNR were significantly superior to those in the
high concentration CM group using the AEC of the low
dose CTA protocol. In fact, a considerable limitation of
low tube voltage CTA is that the greater the patient’s BMI,
the greater the background image noise. This limitation can
be overcome using an IR technique [14, 18]. Several
studies have also suggested that the reduced tube voltage
with IR may increase image quality in comparison with
reconstruction of filtered back projections under the same
conditions of tube voltage and tube current output [19-22].
These prior findings are similar to the present results,
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where the IR technique was also applied in both groups
using a different tube voltage and tube current. Presently,
the average of mean image noise in all four locations in the
aorta in Group B in this study was significantly lower than
in Group A. However, the data does not seem to suggest
that the IR technique in lower dose CTA is more efficient
than high-dose CTA, because the mean image noise values
at each of the four locations in Group B were not signifi-
cantly different from those in Group A.

Notably, there was an unexpected finding regarding the
comparison of contrast enhancement homogeneity from the
ascending thoracic aorta to the infrarenal abdominal aorta,
with Group B showing a significantly more homogeneous
attenuation level than Group A. The homogeneity of con-
trast enhancement is mainly dependent on bolus geometry
as well as many factors including cardiac output, body
weight, and blood volume [23]. Furthermore, a higher heart
rate, various characteristics of aortic pathology, as well as
the variable voltage and currency of AEC, also influence
the image quality of contrast enhancement. In the present
study, however, the amount of CM in the scan protocol,
EF, and body weight were not significantly different and
the injection rate was also the same across both groups.
Differences in concentration and iodine delivery rates of
CM (1.8 g I/s in Group A and 1.2 g I/s in Group B) may
not explain this homogeneity. These findings could be
attributed to the osmolarity of CM [24]. Iodixanol (270 mg
I/ml) is a dimeric iodinated CM and isoosmolar to plasma
(290 mOsm/kg), whereas Iomeprol (400 mg I/ml) is
hyperosmolar to blood (726 £ 34 mOsm/kg). Hyperos-
molarity leads to the absorption of water from the extra-
cellular space to the intravascular space and a diluted
iodine concentration, whereas this effect does not occur
with isoosmolar CM [25-27]. In particular, a dimeric
iodinated CM has a larger molecular size, which results in
slower efflux of CM from the vascular to the extravascular
space [28]. This homogeneity may be effective in evalu-
ating for distal lower abdominal aortic aneurysms showing
slow and turbulent blood flow.

In the present study, the reduction in the estimated
effective dose and iodine load in Group B was as much as
33.8 and 35 %, respectively. Advantages of a reduction in
radiation exposure and reduced iodine administration are
essential to patients who require re-examination for follow-
up CTA and who are at risk for CM induced nephropathy
[29-31].

The present study has some limitations. First, although
most of the enrolled patients in Group B had a normal weight
(BMI 18.5-24.9 kg/mz) or were overweight (30 %, BMI
25-29.9 kg/m?), and just one patient was obese (BMI
>30 kg/m?), the intentionally reduced tube voltage of CTA
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protocol using low concentration CM may not be applicable
to obese patients. Second, the diagnostic performance of the
reduced tube voltage for the CTA protocol using low con-
centration CM was not evaluated. Only the performance of a
reduced tube voltage and low concentration of CM regarding
image quality rather than the diagnostic accuracy according
to various aortic diseases was evaluated. Third, the drawing
of the circular ROIs at the different anatomic levels was not
exactly equal for each anatomic level. They were adjusted to
the maximal vessel lumen with an effort to avoid calcifica-
tion, thrombus, and motion artifacts. Fourth, branches of the
aorta, such as the celiac trunk and superior mesenteric artery,
were not evaluated, although those are also important in
detecting the involvement of various aortic diseases. How-
ever, sometimes these branches are too small to assess the
attenuation without increasing measurement error, and suf-
ficient contrast enhancement and image quality of the aorta
suggests there would also be sufficient quality in the major
branches of the aorta. Fifth, the attenuation measurements
were made in consensus rather than independently.

Despite these limitations, this study was able to
demonstrate a substantial and sustained image quality as
well as a reduction in the radiation dose and iodine load
using a CTA protocol with a low tube voltage and a low
concentration of CM.

In conclusion, low concentration CM and low-tube-
voltage CTA with DSCT using IR is a feasible method for
showing sufficient contrast enhancement and image qual-
ity, and can be done using a significantly lower radiation
dose and iodine load in non-obese patients.
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