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ABSTRACT
Introduction: Since the administration of contrast medium to patients with decreased renal function increases the risk of 

developing contrast-induced nephropathy, its volume needs to be minimized. The present study clarified whether single-source 
dual-energy computed tomography (ssDECT) reduces conventional contrast medium volumes without decreasing the CT num-
bers (HU: Hounsfield Unit) and image quality.

Materials and Methods: The study included 91 participants (72.1 ± 8.3 years) who were allocated to the following 4 groups: a 
control group undergoing single-energy CT (SECT) with 600 mgI/kg (Group A) and 3 iodine reduction groups undergoing 
ssDECT with doses of 420, 360, and 300 mgI/kg (Groups B, C, and D, respectively). The CT numbers and contrast-to-noise 
ratios (CNRs) were compared among the 4 groups. Moreover, 3 radiologists independently graded contrast-enhanced aortic CT 
images.

Results: In regions of interest (ROIs), the CT numbers and CNRs in Groups B and C were higher or similar to those in 
Group A, and no significant differences were observed between Groups A and C (p > 0.05). Also, no significant difference was 
noted in the scores of visual evaluations between Groups A and B, C, or D (p > 0.05).

Conclusion: ssDECT (60keV) allowed a 40% reduction in the contrast medium volume when compared to that in SECT 
(120kVp), and provided similar image quality.
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INTRODUCTION

In computed tomography (CT), contrast medium is administered to 
patients in order to obtain useful data on aortic aneurysms, aortic dissec-
tion, and other aortic lesions1,2). However, the administration of contrast 
medium increases the risk of developing contrast-induced nephropathy 
in patients with decreased renal function3,4). Utsunomiya et al. reported 
that the estimated glomerular filtration rate was < 60 mL/min/1.73 m2 in 
19% of the patients for whom contrast-enhanced CT was planned; 
moreover, contrast medium administration should be monitored since 
patients with chronic kidney disease (CKD) tend to increase with age5). 
Therefore, the Guidelines for the Use of Iodinated Contrast Media in 
Patients with Renal Disease (2012) in Japan, state that contrast exam-
ination needs should be evaluated in patients with CKD subjected to the 
administration of contrast medium, and when used, its volume should be 
minimized6). However, although the guidelines show a reduction in con-
trast medium volumes, there are currently no standardized guidelines 
that consider the latest imaging methods.

Single-source dual-energy CT (ssDECT) has recently been devel-
oped. This technique allows virtual monochromatic image reconstruc-
tion at any energy level (40-140 keV) by the simultaneous acquisition of 
different X-ray attenuation characteristic data7,8). The energy level of vir-
tual monochromatic images (40-140 keV) is higher than that at the 
K-edge of iodine (33.2 keV) contained in the contrast medium. 
Therefore, monochromatic images at low energy levels close to the 
K-edge provide higher CT numbers (HU: Hounsfield Unit)8,9).

Carrascosa et al. compared a control group who underwent sin-
gle-energy CT (SECT) with a contrast medium injection at a routine rate 
and a contrast medium reduction group who underwent ssDECT with a 
multi-phase injection of a saline chaser, and showed reductions in the 
contrast medium volumes10). However, in that study, differences in injec-
tion conditions and times may have affected the form of the time 
enhancement curve (TEC), and the effects of ssDECT alone were not 
evaluable11-13). They used the body mass index (BMI) to select the con-
trast medium volume, and the contrast medium volume was at the mini-
mum level in all patients with a BMI ≤ 25. Since the mean BMI in 
Japan is approximately 23 (males, 23.4; females, 22.3)14), the physical 
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characteristics of the patients in their study differed from those of 
Japanese individuals. Therefore, taking into consideration the physical 
characteristics of Japanese individuals, we herein evaluated the possibil-
ity of reducing the contrast medium volume administered for ssDECT 
by using a fixed injection time and maintaining the TEC form.

MATERIALS  AND  METHODS

Subjects

The study included consecutive 100 participants with aortic diseases 
(aortic dissection and aortic aneurysms) who underwent CT for close 
examination, follow-up, or follow-up after treatment between June 2015 
and January 2016. Due to the standard maximum volume of contrast 
medium (300 mgI/mL; product, 150 mL), only participants weighing ≤ 
75 kg were included. Thus, 91 participants (age, 72.1 ± 8.3 years) were 
included in the final analysis. The contrast medium volume (mL) in the 
present study was selected after its conversion into the iodine dose/body 
weight (mgI/kg), because the CT number (HU) of the aorta correlates 
with the body weight15), and the luminal volume of the blood vessels, 
especially the major vessels, is proportional to the body weight16). 
Participants were allocated to the following 4 groups: a control group 
undergoing SECT with a routine dose of 600 mgI/kg for the patient with 
normal renal function (Group A)17) and 3 iodine dose reduction groups 
undergoing ssDECT with doses of 420, 360, and 300 mgI/kg (Groups B, 
C, and D, respectively)10,18-20) (Table 1).

This study was performed in accordance with the Declaration of 
Helsinki, under the approval of the Ethics Committee of JA Onomichi 
General Hospital (OJH-201508). Oral and written informed consent was 
obtained by physicians. 

Due to ethical reasons in this study, we examined the contrast 
enhancement in participants with normal renal function.

Scanning conditions

All images were acquired using a dual-energy CT system with fast 
kV switching (Discovery CT750 HD, GE Healthcare, Milwaukee, 

USA). As a tube current for SECT, automatic exposure control (AEC) 
was used. However, since AEC cannot be used in ssDECT, the tube cur-
rent cannot be controlled using AEC. Therefore, in each patient, the tube 
current was controlled by selecting an ssDECT scanning protocol based 
on the SECT parameters. For the post-contrast scanning protocol of 
ssDECT, scanning conditions in accordance with the mean mA value in 
the AEC mA table (noise index, 12.5) for pre-contrast SECT were 
selected among the preset protocols. In addition, adaptive statistical 
interactive reconstruction (ASiR, GE Healthcare) was used because of 
its usefulness in both imaging techniques21). As the reconstruction ener-
gy level, 60 keV was adopted using ASiR, based on the studies by 
Carrascosa et al.10) and Almutairi et al.18) (Table 2). 

Contrast enhancement protocol

In all groups, iohexol 300 (300 mgI/mL, KONICA MINOLTA, 
Japan) was injected into the cubital vein through a 22-20G catheter 
using a power injector (dural shot EX, Nemoto, Japan) at a dose based 
on the body weight (mgI/kg), for 30 seconds with changes in the injec-
tion rate (mL/s). 

Scanning timing

In SECT and ssDECT, scanning in the pre-contrast, arterial, and 
delayed phases was performed. Pre-contrast scanning was performed 
using SECT in all groups. In the arterial phase, the arrival of contrast 
medium at the thoracic aorta at the tracheal bifurcation level was moni-
tored using the bolus tracking technique. 

Arterial phase scanning was initiated 12 seconds after the visual 
recognition of contrast medium arrival (the shortest time including the 
table moving time to the scan start position), followed by delayed phase 
scanning after 70 seconds.

Quantitative evaluation of images

In the 91 participants, regions of interest (ROIs) were placed at the 
aortic arch, abdominal aorta at the level of its branching into the celiac 
artery, and iliac artery; and CT numbers (HU) and image noise were 
evaluated. Image noise was defined as the standard deviation (SD) in 
ROIs, and ROIs were marked to be as large as possible in the vascular 
lumen. In addition, since calcification areas in the vascular wall involve 
the risk of artifacts, ROIs were not placed at these areas. As the back-
ground, ROI was placed on the muscle, on a slice containing each target 
blood vessel, and the contrast-to-noise ratio (CNR) was calculated22). 
CNR was defined as follows: (HU vessel - HU muscle) / SD muscle. All 
measurement data were quantitatively analyzed on a workstation 
(Virtual Place Fujin, AZE Co., Japan). 

Three radiologists with 26, 24, and 14 years of experience inde-
pendently graded contrast-enhanced aortic CT images (arterial and 
delayed phases) using a 5-point score: 5, excellent; 4, good; 3, moderate 
(standard); 2, poor (diagnosis possible with low confidence); and 1, bad 
(non-diagnosable examination). A score of 3 or greater was considered 
to be diagnostically acceptable19,20).

Statistical analysis

The physical characteristics and mean values ± SDs of contrast 
medium injection conditions were compared among the 4 groups using 

Table 1. Patient Characteristics, Scanning Type, and Injection Protocols.
 Group A B C  D  p-value

 n 22 24 24 20 -
 Male:female ratio (M: F) 17: 5 19: 5 19: 5 15: 5 -
 Age (y) 72.8 ± 7.3 71.9 ± 6.9 75.2 ± 7.7 69.5 ± 9.4 0.392
 Body Mass Index (kg/m2) 22.6 ± 3.1 24.0 ± 3.1 24.2 ± 3.6 22.9 ± 2.8 0.502
 Scan type SECT ssDECT  ssDECT  ssDECT  -
 Iodine dose (mgI/kg) 600 420 360 300 -
 Percentage to the routine dose (%) - 70 60 50 -
 Contrast medium volume (mL) 119.5 ± 20.3 87.0 ± 11.6 72.4 ± 13.4 61.2 ± 10.0 < 0.001
 Injection rate (mL/s) 4.0 ± 0.6 2.9 ± 0.4 2.4 ± 0.4 2.0 ± 0.3 < 0.001

SECT: single-energy computed tomography, ssDECT: single-source dual-energy computed tomography

p-value: one-way ANOVA

Table 2. Scanning and Reconstruction Protocols
  SECT ssDECT

 Collimation 64 x 0.625 mm 64 x 0.625 mm
 Pitch 0.984 0.984
 Rotation time 0.7 -
 Tube voltage (kVp) 120 80/140
 Tube current (AEC) Yes No
 Noise index 12.5 (5 mm) -
 Slice thickness (mm) 0.625 0.625
 Kernel Stnd Stnd
 ASiR 40% 40%

SECT: single-energy computed tomography, ssDECT: single-source dual-energy 

computed tomography; AEC, automatic exposure control
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a one-way analysis of variance (one-way ANOVA). In addition, the CT 
number (HU) and CNR obtained with changes in the iodine dose using 
each imaging technique, were expressed as mean values ± SDs. The CT 
number (HU) and CNR were compared between imaging techniques 
and among iodine doses (600 mgI/kg for conventional SECT; 420, 360, 
and 300 mgI/kg for ssDECT), and a one-way ANOVA was performed. 
Tukey's multiple comparison test was then performed. In each test, p < 
0.05 was regarded as significant. The normality of data on all items was 
confirmed using histograms and the Kolmogorov-Smirnov test (p = 
0.134 -0.966).

The scores of visual evaluations obtained with changes in the iodine 
dose using each imaging technique, were expressed as the median 
(25%-75%).

The Friedman test was used to examine the scores of visual evalua-
tions on comparing the imaging techniques and the iodine doses. The 
Bonferroni method was used for multiple comparisons of each iodine 
dose. EZR (Easy R: Saitama Medical Center, Jichi Medical University, 
Saitama, Japan) was used for statistical analyses23). This study aimed to 
achieve similar CT numbers (HU) and visual scores between SECT with 
a routine dose and ssDECT with an iodine reduction dose.

RESULTS

CT numbers (HU) in Groups A, B, C, and D using different iodine 
doses are shown in Tables 3 and 4. The CT number (HU) at each ROI in 
the arterial or delayed phase did not significantly differ between Groups 
A and C: arterial phase: aortic arch (p = 0.569), abdominal aorta (p = 
0.511), and iliac artery (p = 0.969) and delayed phase: aortic arch (p = 
0.797), abdominal aorta (p = 0.212), and iliac artery (p = 0.977). 

CNRs in Groups A, B, C, and D using different iodine doses are 
shown in Tables 5 and 6. In the arterial phase, no significant difference 
was noted in the CNR in the aortic arch between Groups A and B (p = 
0.154) or C (p = 0.999); or abdominal aorta between Groups A and C (p 
= 0.561), or D (p = 0.192); or in the iliac artery between Groups A and 
B (p = 0.218) or C (p = 0.969). In the delayed phase, no significant dif-
ference was observed in the CNR in the aortic arch between Groups A 
and B (p = 0.226) or C (p = 0.964); in the abdominal aorta between 
Groups A and C (p = 0.795); or in the iliac artery between Groups A and 
B (p = 0.999) or C (p = 0.298).

The scores of visual evaluations in Groups A, B, C, and D using dif-
ferent iodine doses are shown in Table 7. In the arterial phase, no signif-
icant difference was noted in the scores of visual evaluations between 
Groups A and B (p = 1.00), C (p = 1.00), or D (p = 1.00). In the delayed 

phase, no significant difference was observed in the scores of visual 
evaluations between Groups A and B (p = 0.804) or C (p = 0.107).

DISCUSSION

Groups B and C, who underwent ssDECT with a reduction in the 
iodine dose (420 mgI/kg and 360 mgI/kg, respectively), showed CT 
numbers (HU) and CNRs that were similar to or higher than those in 
Group A, who underwent SECT with a routine iodine dose (600 mgI/
kg). These results suggest that a reduction in the iodine dose is possible 
in ssDECT. In all ROIs, neither the CT numbers (HU) nor CNRs signifi-
cantly differed between Groups A and C. Therefore, an approximately 
40% reduction in the iodine dose may be possible using ssDECT instead 
of SECT. Carrascosa et al. reported that a 60% reduction in the iodine 
dose was possible using ssDECT. The results of the present study were 
consistent with these findings in that the iodine dose was reduced; how-
ever, there was a 20% difference in the degree of the reduction 
achieved. Carrascosa et al. used a multi-phase injection with a high ini-
tial injection rate (mL/s) for a 60% reduction in the iodine dose, which 
may have resulted in a TEC form with a high peak followed by a 
decrease, thereby increasing the CT number (HU)11-13). Thus, changes in 
injection conditions in addition to the use of ssDECT may result in fur-
ther reductions in the iodine dose.

In recent years, the usefulness of the saline chaser method has been 
reported. Considering the influence of the injection rate on the TEC 
form, we did not use this method in the present study, which ensured 
that the effects of ssDECT alone were evaluated. At a low flow rate, 
contrast medium that is stagnant in the vein cannot be completely 
washed out by a saline chaser24,25). Therefore, under certain injection 
conditions, such as the fixed injection time used in the present study, the 
injection rate may decrease in groups undergoing ssDECT with a reduc-
tion in the contrast medium dose, and the effects of a saline chaser may 
not be adequate in low body weight groups. In order to overcome this 
issue, a technique using a spiral flow tube was developed to increase the 
contrast medium delivery rate and improve the CT number26). Therefore, 
the combination of this technique and ssDECT based on the results of 
the present study may further reduce the contrast medium volume in 
examinations such as CT angiography requiring high CT numbers (HU) 
only in the arterial phase25,27). In the delayed phase, in which contrast 
medium is in the equilibrium state in the body, it is considered that the 
CT number (HU) is not markedly affected by changes in injection con-
ditions and/or the saline chaser method. In addition, improvements in 
CT number (HU) by low energy levels using ssDECT cannot be expect-

Table 3. Post-contrast Computed Tomography (CT) Numbers (HU) of the Artery in the Four Groups (Arterial Phase)
 Group  A  B C D p-value

 Aortic arch CT numbers 340.9 ± 50.3 421.9 ± 43.4 358.8 ± 48.9 290.9 ± 43.8 < 0.001
  p value * - < 0.001 0.569 0.004 
 Abdominal aorta CT numbers 340.7 ± 52.8 415.6 ± 46.9 359.6 ± 40.8 290.6 ± 43.6 < 0.001
  p value * - < 0.001 0.511 0.003 
 Iliac artery CT numbers 337.5 ± 47.0 399.1 ± 35.0 342.8 ± 40.9 283.0 ± 38.4 < 0.001
  p value * - < 0.001 0.969 < 0.001 

p-value: one-way ANOVA  

p-value *: Tukey's multiple comparison test (vs Group A)

Group A: 600 mgI/kg, Group B: 420 mgI/kg, Group C: 360 mgI/kg, Group D: 300 mgI/kg 

Table 4. Post-contrast Computed Tomography (CT) Numbers (HU) of the Artery in the Four Groups (Delayed Phase)
 Group  A  B   C  D   p-value

 Aortic arch CT numbers 138.9 ± 12.2 155.3 ± 14.8 135.2 ± 15.9 114.6 ± 11.3 < 0.001
  p value * - < 0.001 0.797 < 0.001 
 Abdominal aorta CT numbers 133.4 ± 10.4 159.0 ± 12.5 140.2 ± 13.3 120.2 ± 13.3 < 0.001
  p value * - < 0.001 0.212 0.002 
 Iliac artery CT numbers 140.8 ± 9.7 149.7 ± 14.9 139.2 ± 14.2 121.0 ± 13.6 < 0.001
  p value * - 0.007 0.977 < 0.001 

p-value: one-way ANOVA  

p-value *: Tukey's multiple comparison test (vs Group A)

Group A: 600 mgI/kg, Group B: 420 mgI/kg, Group C: 360 mgI/kg, Group D: 300 mgI/kg
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ed in the delayed phase showing relatively low CT number (HU)9). 
Therefore, in patients with aortic dissection in whom images in two dif-
ferent phases (arterial and delayed phases) are necessary for a diagnosis, 
a further reduction in the contrast medium dose by changes in injection 
conditions and the combination of a saline chaser and ssDECT increases 
the risk of reducing the CT number (HU) in the delayed phase, and 
hence warrants further study.

In the present study, the use of monochromatic images at low ener-
gy levels in ssDECT improved the CT number (HU). In a previous 
study, the contrast medium dose was reduced using low-tube voltage 
SECT in coronary CT angiography, and an excessive reduction resulted 
in a small increase in the CT number in peripheral arteries28). Although 
their imaging method differed from ours (ssDECT), images at low ener-
gy levels were used to improve CT numbers in both studies. In addition, 
the evaluated blood vessel and diameter differed between their study 
and the present study, in which the aorta as a large vessel was evaluated. 
Future evaluations of other vessels using ssDECT may be necessary.

Regarding CT numbers (HU), Tanikake et al. performed a study on 
three-dimensional angiography of the hepatic artery for optimal vascular 
visualization29). In that study, the CT number of the aorta required for 
optimal images was approximately 350 HU. In the present study, the CT 
number of the abdominal aorta was 340.7 ± 52.8 HU at a dose of 600 
mgI/kg for SECT and 359.6 ± 40.8 HU at a dose of 360 mgI/kg for 
ssDECT; these doses are similar to 350 HU, and hence appear to be 
valid.

However, the score of the visual evaluation was also ≥ 3 in Group D 
(the lowest dose), suggesting that the minimum dose requirement for 
ssDECT is 300 mgI/kg. Thus, the dose may be reduced to approximate-
ly 300 mgI/kg for ssDECT. In this study, 600 mgI/kg using SECT was 
adapted according to the guidelines. However, according to this guide-
line, the optimal dose range is 520-600 mgI/kg17). Therefore, the result 
of this visual evaluation may be approximately similar as that obtained 

Figure 1. Comparison of clinical case images with different 
iodine volumes using SECT and ssDECT (arterial 
phase). A 70-year-old man (169 cm, 70 kg, body mass index, 24.7) 
with aortic aneurysm who underwent follow-up CT. The upper row is 
an oblique sagittal CT image of the aorta (window width, 500; window 
level, 100). The lower row is an axial CT image of the aorta (window 
width, 500; window level, 100). A, a) Feb 2017, 300 mgI/kg with 
ssDECT. B, b) Aug 2016, 360 mgI/kg with ssDECT. C, c) Feb 2016, 
600 mgI/kg with SECT

 Contrast effects were similar between 360 mgI/kg for ssDECT (B, b) 
and 600 mgI/kg for SECT (C, c). Sufficient contrast effects were 
achieved for a diagnosis with 300 mgI/kg for ssDECT (A, a), but were 
weaker than those with 360 mgI/kg for ssDECT (B, b) and 600 mgI/kg 
for SECT (C, c)

Table 5. Contrast-to-Noise Ratio of the Artery in the Four Groups (Arterial Phase)
 Group  A  B   C  D   p-value

 Aortic arch CNR 17.7 ± 3.1 20.2 ± 3.9  17.6 ± 4.7 13.6 ± 4.2 < 0.001
  p value * - 0.154 0.999 0.007 
 Abdominal aorta CNR 13.4 ± 2.6 17.1 ± 3.3 14.5 ± 2.7 11.7 ± 2.6  < 0.001
  p value * - <0.001 0.561 0.192 
 Iliac artery CNR 14.6 ± 3.1 16.4 ± 3.8  14.2 ± 2.9 11.7 ± 2.7 < 0.001
  p value * - 0.218 0.969 0.023 

p-value: one-way ANOVA  

p-value *: Tukey's multiple comparison test (vs Group A)

Group A: 600 mgI/kg, Group B: 420 mgI/kg, Group C: 360 mgI/kg, Group D: 300 mgI/kg

Table 6. Contrast-to-Noise Ratio of the Artery in the Four Groups (Delayed Phase)
 Group  A  B   C  D   p-value

 Aortic arch CNR 4.4 ± 0.8 5.0 ± 1.2  4.2 ± 1.4 2.9 ± 0.8 < 0.001
  p value * - 0.226 0.946 < 0.001 
 Abdominal aorta CNR 3.4 ± 0.7 4.6 ± 1.2 3.6 ± 0.8 2.7 ± 0.5 < 0.001
  p value * - < 0.001 0.795 0.032 
 Iliac artery CNR 3.9 ± 0.8 3.9 ± 0.9  3.5 ± 0.9 2.8 ± 0.9 < 0.001
  p value * - 0.999 0.298 < 0.001 

p-value: one-way ANOVA  

p-value *: Tukey's multiple comparison test (vs Group A)

Group A: 600 mgI/kg, Group B: 420 mgI/kg, Group C: 360 mgI/kg, Group D: 300 mgI/kg 

Table 7. Scores of Visual Evaluations in the Four Groups 
Group  A  B   C  D   p-value

Arterial phase Score 3.85 (3.58-4.33) 4.00 (3.66-4.33)  3.66 (3.33-4.33) 3.66 (3.66-3.91) 0.054
 p value * - 1.00 1.00 1.00 
Delayed phase Score 3.66 (3.33-4.00) 3.66 (3.33-3.75) 3.33 (3.25-3.66) 3.33 (3.00-3.58) 0.008
 p value * - 0.804 0.107 0.048 

p-value: the Friedman test 

p-value *: Bonferroni correction (vs Group A)

Group A: 600 mgI/kg, Group B: 420 mgI/kg, Group C: 360 mgI/kg, Group D: 300 mgI/kg
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using 520-600 mgI/kg with SECT. Specifically, the result in Group D 
with ssDECT may be approximately the same as that using 520 mgI/kg 
with SECT (Figure 1: one clinical case).

This study has a few limitations. Comparisons in the same patients 
were not performed. The subject-specific factors that affect contrast 
effects and the timing of scanning including cardiac output and aortic 
aneurysms30), were not considered. Another limitation is that data of 
patients weighing > 75 kg were not included. Since the iodine dose was 
selected based on the body weight, the maximum weight of 75 kg was 
chosen based on the standard contrast medium. However, since a reduc-
tion in the contrast medium dose is possible using ssDECT, the optimal 
contrast medium dose may be administered even to patients weighing > 
75 kg, in whom the contrast medium dose was insufficient using con-
ventional SECT. The present study suggested the possibility of reducing 
the dose of contrast medium volume in patients with impaired renal 
function. However, due to ethical reasons, we examined the contrast 
enhancement in participants with normal renal function. As of 2017, no 
patient underwent dialysis due to the results of a CT examination after 
the study period. In the future, the results of the present study will be 
applied to patients with decreased renal function.

CONCLUSION

In conclusion, the usefulness of ssDECT in aortic CT requiring a 
reduction in the contrast medium dose was evaluated in comparison 
with the conventional method. Using ssDECT (60 keV), we achieved a 
40% reduction in the contrast medium dose and similar image quality to 
that of the conventional method using SECT (120kVp). 
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