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computed tomography imaging
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Background: Computed tomography angiography (CTA) is the recommended diagnostic and follow-up 
imaging modality for acute aortic dissection (AD). However, the high-contrast medium burden associated 
with repeated CT aortography follow-ups remains a significant concern. This prospective study aimed to 
assess whether an ultra-low contrast dose (75% cutoff) aortic CTA protocol on dual-layer spectral CT could 
achieve comparable image quality with the full dose protocol. We also investigated the image quality of the 
virtual noncontrast (VNC) images derived from the ultra-low dose protocol.
Methods: This study included 37 consecutive patients who were referred to aortic CTA from May 2022 to 
August 2022. The enrolled patients underwent full-dose contrast CTA and ultra-low dose (reduced to 25% 
of conventional) contrast CTA on dual-layer spectral CT in 1 day. Virtual monochromatic images (VMIs) 
were reconstructed with 40 and 70 keV. The VNC images were reconstructed for both protocols. Objective 
image quality evaluation, recorded as signal-to-noise ratios (SNRs) and contrast-to-noise ratios (CNRs), 
was compared between the groups using 1-way analysis of variance and post hoc analysis with Bonferroni 
correction. Subjective image quality was also compared between the groups. Finally, VNC images derived 
from the low-dose (VNClow) and full-dose (VNCfull) protocols were compared to the true noncontrast (TNC) 
images.
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Introduction

Computed tomography angiography (CTA) is widely 
accepted as the first-line imaging modality for screening 
and diagnosing aortic aneurysm and acute aortic syndrome, 
including aortic dissection (AD), intramural hematoma 
(IMH), and penetrating atherosclerotic ulcer (1-3). 
Furthermore, due to its superiority in acquiring a timely 
and precise anatomical description, aortic CTA is also 
recommended for follow-up surveillance and postoperative 
complication assessment for cardiothoracic surgeries (4,5). 

Typically, any patient with AD should to undergo follow-
up CTA 3 or 4 times in the first year after the operation (6). 
Such a large volume of contrast medium, necessitated by the 
baseline and frequent follow-up CTA, inevitably poses an 
increased risk of contrast-induced nephropathy, particularly 
for patients with renal insufficiency (7,8). Unfortunately, 
steeply reducing the dose of contrast medium affects image 
quality and hinders a diagnosis from being made. Therefore, 
the means to obtaining ideal image quality with ultra-low 
dose contrast remains an area of essential research.

Technica l ly,  vesse l  enhancement  re l ies  on the 
concentration of iodine contrast medium, which is 
artificially injected to increase the difference in its X-ray 
absorption from the surrounding soft tissue. Dual-energy 
CT (DECT) can potentially increase vessel enhancement 
via virtual monochromatic image (VMI) reconstruction at 
a lower energy level, thus improving vessel contrast against 
the soft tissue. Previous CTA studies attempted this process 
and achieved a 30–50% reduction in contrast without 

significantly impacting image quality. Nevertheless, image 
quality was sacrificed to only a diagnosable level when the 
contrast was reduced by more than 70%. Therefore, a more 
stable method of simultaneously conserving contrast and 
retaining image quality is needed (9-12). Moreover, the 
traditional source-based DECT only is adapted to fixed tube 
voltage for dual-energy imaging (13). Its lack of flexibility in 
the protocol also interrupts the habitual workflow of CTA 
examinations.

Detector-based dual-layer spectral CT (DLCT) 
offers a new method for acquiring energy CT images via 
retrospective reconstruction with a single scan (14). The 
single X-ray detector system allows for high spatial and 
temporal resolution for VMI (15). A half-reduced contrast 
dose in coronary artery CTA with the VMI derived 
from DLCT has demonstrated good image quality (16). 
However, its usage in aortic CTA is rare. We hypothesized 
that a more significant reduction in the contrast (i.e., over 
70%) without a significant impairment to image quality 
could be realized using DLCT. Considering that previous 
studies and some phantom studies have indicated 40-keV  
[which is close to the iodine K-edge (33-keV)] as an ideal 
energy level used for spectral CT (11,17,18), we aimed 
to investigate the feasibility of an ultra-low iodine dose 
protocol for aortic CTA examinations on DLCT. In 
addition, virtual noncontrast (VNC) images derived from 
DECT allow for the possibility of saving a noncontrast CT 
scan in routine clinical use. Thus, we aimed to clarify the 
relationship between VNC in different contrast protocols 
by referring to the true noncontrast (TNC) images. 

Results: Neither CNR nor SNR was lower for the 40-keV images reconstructed from the ultra-low dose 
group compared to the conventional images. Both were significantly higher than those of the 70-keV images. 
Regarding subjective image quality, vessel enhancement was not significantly different between the 40-keV  
VMI and full-dose images [ascending aorta (AAO): 4.37±0.46 vs. 4.57±0.48, P=0.096; brachiocephalic 
arteries: 4.34±0.45 vs. 4.51±0.49, P=0.152; abdominal aortic side branch: 4.42±0.48 vs. 4.51±0.49, P=0.480]. 
The VNClow images were similar to the TNC images but significantly different from the VNCfull images 
(P<0.001).
Conclusions: Ultra-low contrast aortic CTA with a 75%-reduced iodine dose using dual-layer spectral CT 
and the derived VNC achieved image quality comparable to that of conventional CTA and TNC images.
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Methods

Study population

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013), approved by 
the Ethics Committee of West China Hospital of Sichuan 
University, and registered at National Institute of Clinical 
Research (No. ChiCTR1900028475). Written informed 
consent was obtained from all patients. 

We prospectively recruited 37 adult patients referred for 
aortic CTA examination at a single center from May 2022 
to August 2022. Patients who were eligible for aortic CTA 
examination were included. The exclusion criteria were (I) 
inability to finish breath-holding during the examination 
(such as with severe pulmonary disease, heart failure, 
unconsciousness, or restlessness), (II) allergy to contrast 
medium or evidence of renal insufficiency (estimated 
glomerular filtration rate <60 mL/minute/1.73 m2  
or serum creatinine level ≥120 mmol/L), (III) pregnancy, 
and (IV) refusal to participate. Data on demographics (age, 
sex), height, weight, and the reasons for aortic CTA were 
collected once the patient was enrolled in the study. 

Image acquisition and reconstruction

DLCT scans were performed using a dual-layer detector 
spectral CT (CT 7500, Philips Healthcare, Amsterdam, 
The Netherlands). All patients underwent noncontrast, 
low- and full-dose contrast scans from the superior thoracic 
inlet to the pubic symphysis. All scans were conducted 
under the following parameters: low tube voltage (100 kVp),  
automatic tube current adapted to the patient size 
(DoseRight, Philips Healthcare; reference tube current 
50–300 mAs), collimation 128×0.625 mm, and rotation time 
0.27 seconds. 

After a noncontrast scan, the bolus-tracking technique 
was used with a delay of 4 s when the trigger threshold 
reached 100 Hounsfield units (HU) in the descending 
aorta (DAO) at the level of the pulmonary artery. For the 
low-dose contrast CTA, a standard volume mixture (25% 
nonionic contrast medium of 400 mgI/mL of iomeprol; 
75% saline administered via high-pressure syringe) was 
injected at a 4.5 mL/s flow rate, which was followed by 
injection of 30 mL of saline at the same flow rate. The 
full-dose CTA was then performed using a normal volume  
(1 mL/kg) of the same contrast medium at the same flow 
rate, which was followed by an injection of 30 mL of saline 
(with an approximately 2- to 3-minute delay) after the low-

dose CTA. 
After all the examinations, the spectral base image 

(SBI) data were automatically reconstructed and reviewed 
using the workstation (IntelliSpace Portal 10.0, Philips 
Healthcare). Multiparameter spectral low-dose images were 
retrospectively generated from the SBI. Based on previous 
studies, 40-keV was considered to be the most optimal level 
for the greater enhancement of vessels, and 70-keV was 
the closest level to conventional images. Thus, VMI at 40- 
and 70-keV was chosen and compared against the full-dose 
images (19-22). VNC images were then reconstructed for 
the low-dose (VNClow) and full-dose (VNCfull) groups and 
compared to the conventional CT noncontrast images. The 
complete study protocol is presented in Figure 1.

Post-processing and imaging analysis

The image quality of the aorta and branches was 
independently assessed based on axial-view reconstructed 
images by two experienced radiologists with over 10 years 
of experience in aortic CTA diagnosis. The radiologists 
independently evaluated all images using a qualitative 
scoring system ranging from 1 to 5 points and assessed 
the 3D post-processing reconstruction images in terms 
of volume rendering, maximum intensity projection, and 
multiplanar reconstruction. 

For objective analysis of the vessel attenuation, 3 circular 
regions of interest (ROIs) with the same diameter (100 mm2)  
were drawn at the aortic root level for the ascending aorta 
(AAO), at the pulmonary artery bifurcation level for the 
DAO, and at the abdominal trunk level for the abdominal 
aorta (AA) to acquire the mean CT value (CTvessel) as vessel 
attenuation and the corresponding standard deviation 
(SDvessel). The vessels’ signal-to-noise ratio (SNR) was 
calculated as follows: SNR = CTvessel/SDvessel. Subsequently, 
background ROIs were placed at the paravertebral muscles 
at the corresponding AAO, DAO, and AA levels to acquire 
the attenuation of the muscles (CTmuscle) and image noise 
(SDmuscle). Contrast-to-noise ratio (CNR) was defined as 
follows: CNR = (CTvessel – CTmuscle)/SDmuscle. 

Once the above measurements for one group were 
completed, the ROIs would be copied to measure the 
parameters for the other two groups of images. Notably, 
that true lumen was selected to place the ROIs, and all 
levels were carefully chosen to avoid any impact from 
metallic or motion artifacts or calcified plaques. 

To quantitatively measure the VNC image quality, we 
used the differences between vessel attenuation and the 
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muscle to determine the efficacy of VNC iodine removal as 
compared with that of the TNC. The defined parameters 
were (I) vessel-muscle contrast (VMC), calculated as (CTvessel 
– CTmuscle); (II) vessel:muscle ratio (VMR), calculated as 
CTvessel/CTmuscle; and (III) vessel-muscle percentage (VMP), 
calculated as (CTvessel – CTmuscle)/CTmuscle × 100%.

A 5-point grading system was used for subjective quality 
analysis to grade vessel enhancement and image noise 
quality. For vessel enhancement, (I) a score of 1 denoted 
poor vessel opacification and inadequate delineation 
between the vessel and its surrounding tissue, (II) a score 
of 2 denoted suboptimal vessel opacification and blurring 
of the vessel margin, (III) a score of 3 denoted acceptable 
vessel opacification for diagnosis and moderate blurring 
of the vessel margin, (IV) a score of 4 denoted good vessel 
opacification and slight blurring of the vessel margin, and 
(V) a score of 5 denoted excellent vessel opacification and a 
clear vessel margin. Similarly, image noise was also graded 
by a 5-point grading system: (I) a score of 1 denoted severe 
image noise; (II) a score of 2 denoted substantial image 
noise; (III) a score of 3 denoted moderate image noise; (IV) 
a score of 4 denoted mild image noise; and (V) a score of 5 
denoted very low or negligible image noise (23).

Endpoints

The CNR and SNR of the 40-keV VMI derived from the 
ultra-low iodine dose protocol that we developed for aortic 
CTA examinations was used as the primary endpoint of this 
study. 

Subject ive  image qual i ty,  including scores  for 
enhancement and noise of the 40-keV VMI, was used as 
the secondary endpoint. Furthermore, the indices used to 
evaluate the image quality of the VNC image (VMC, VMR, 
and VMP) were used as exploratory endpoints.

Statistical analysis

Continuous data are expressed as the mean ± standard 
deviation (SD). Normal distribution was tested using the 
Shapiro-Wilk test. The significance of differences between 
the three groups was calculated using analysis of variance 
(ANOVA). The 1-way ANOVA test was used to compare 
the objective image quality analysis data, and post hoc 
analysis with Bonferroni correction was applied to adjust for 
the multiple comparisons. Categorical data are expressed 
as frequencies and the corresponding percentages. Bland-

Figure 1 Flowchart of the study. CTA, computed tomography angiography; TNC, true noncontrast; VNC, virtual noncontrast; VMI, 
virtual monochromatic image.
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Altman analysis and interclass correlation coefficient (ICC) 
were applied to evaluate the reproducibility of CT value 
measurement. A P value less than 0.05 was considered 
statistically significant. All statistical analyses were 
performed with the R software (v. 3.3.1, The R Foundation 
for Statistical Computing; https://www.R-project.org/).

Results

Patient characteristics

After 2 patients were excluded due to renal insufficiency, 
35 patients (28 males, 7 females; mean age 54 years) were 
ultimately included in this study. The mean body mass 
index (BMI) was 24.9 kg/m2. There were 30 cases of 
postoperative AD (including 15 type A AD cases, 9 type B 
AD cases, 4 aneurysm cases, and 2 IMH cases), 1 case of 
transaortic valve implantation (TAVI), and 4 cases of acute 
aortic syndrome (including 3 aortic aneurysm cases and 1 
aortic aneurysmal dilation case) (Table 1).

Objective and subjective image quality analysis

None of the CNRs of the 40-keV VMI were lower than 
those of full-dose images, and they were significantly higher 

than those of the 70-keV VMI. Furthermore, the SNR of 
the 40-keV images exceeded those of the full-dose images 
at the AAO (40-keV VMI vs. full-dose images: 32.7±7.4 
vs. 24.5±6.1; P<0.05) and DAO (40-keV VMI vs. full-dose 
images: 28.2±8.3 vs. 20.8±5.8; P<0.05). Moreover, they 
achieved only a numerical difference at the AA (40-keV 
VMI vs. full-dose images: 21.1±6.2 vs. 18.2±5.9; P>0.05). 

In addition, the CT value was slightly lower in the 40-keV  
VMI than in the full-dose images but significantly higher 
than in the 70-keV images. Regarding noise, VMI for both 
40- and 70-keV had less noise than did the full-dose images, 
but the 40-keV VMI showed a slightly higher noise level at 
the AAO and DAO than did the 70-keV VMI (Table 2 and 
Figure 2).

For vessel enhancement, although the conventional 
images looks naturally better, there were no significant 
differences between the 40-keV and full-dose images 
observed at any of the aortic sites (aorta: 4.37±0.46 vs. 
4.57±0.48, P=0.096; brachiocephalic artery: 4.34±0.45 vs. 
4.51±0.49, P=0.152; abdominal aortic side branch: 4.42±0.48 
vs. 4.51±0.49, P=0.480). However, the above two groups of 
images had significantly higher vessel enhancement scores 
than did the 70-keV group. Notably, the image noise score 
of the 40-keV VMI was statistically higher than that of both 
the full-dose images and VMI (all P values <0.001) (Table 3).

Comparison between VNC and TNC images

As presented in Table 4, the VNClow images were closer to 
the TNC images in VMC, VMR, and VMP and statistically 
different from the VNCfull images (P<0.001). No statistical 
difference was observed between the VNClow and TNC 
images at the DAO level. At the AAO level, the VNClow 
images were similar to TNC in terms of VMR and VMP. 
However, at the AA level, the VNClow images were still 
significantly different from the TNC images. Subjectively, 
qualitative analysis of the images also demonstrated that the 
VNClow images were more similar to the TNC images than 
were the VNCfull images (Figure 3). 

Reproducibility of the CT value measurements

Measurements of the CT value demonstrated moderate-
to-good interobserver agreement (ICC range, 0.712–0.932) 
with narrow limits of agreement in the Bland-Altman 
analyses (Figure S1).

Table 1 Demographic data of the patients

Variables Value

Age (years) 54±11

Sex (male/female) 28/7 

Height (cm) 165.3±9.1

Weight (kg) 68.2±10.76

BMI (kg/m²) 24.9±2.8

Reason for examination

Post-surgery of type A AD 15

Post-surgery of type B AD 9

Aortic aneurysm 7

Aortic aneurysmal dilation 1

Acute intramural hematoma 2

Post-surgery of TAVI 1

Data are presented as the mean ± standard deviation or number. 
BMI, body mass index; AD, aortic dissection; TAVI, transcatheter 
aortic valve implantation.

https://www.R-project.org/
https://cdn.amegroups.cn/static/public/QIMS-23-101-Supplementary.pdf
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Radiation and contrast dose

The mean radiation dose used for each scan included a 
dose length product (DLP) of 449.4±66.6 mGy·cm and 
an effective dose (ED) of 6.74±1.0 mSv. A mean 85.85± 
11.04 mL contrast dose was used for each case, including 
17.05±2.19 mL used for the ultra-low contrast dose 
protocol and 68.08±8.88 mL for the full-dose protocol.

Discussion

This study demonstrated the excellent and comparable full-
dose contrast image quality of the 40-keV VMI acquired 
from a 75%-contrast dose cutoff aortic CTA protocol on 
spectral CT. Furthermore, we found that the VNC images 
reconstructed from the ultra-low dose protocol were much 
closer to those of the TNC images than were those of 
the VNC images from the full-dose protocol. The ultra-
low dose protocol for aortic CTA might be an option for 
patients who have or at risk of renal insufficiency. 

The 40-keV VMI reconstructed from the ultra-low-dose 

contrast CTA scan showed noninferior image quality to the 
ones acquired through the full-dose contrast CTA scan. Our 
developed protocol achieved both ideal image quality and 
the lowest contrast dose compared to previous studies (11). 
In addition, since the full- and low-dose VMI was acquired 
from the same individual, our study yielded additional 
evidence regarding the optimal vessel enhancement and 
low image noise of the 40-keV VMI compared to the ultra-
low-dose contrast protocol. The retained enhancement of 
the 40-keV VMI with ultra-low dose contrast was primarily 
attributed to the energy level at 40-keV being closer to the 
K-edge of iodine. Thus, the contrast between the vessel and 
background tissue was amplified, as demonstrated by the 
significant improvement in vessel enhancement from 70- to 
40-keV VMI. Similar results were seen in coronary CTA and 
lower extremity runoff studies using dual-energy CT (24).  
Wichmann et al. used polychromatic CT aortography 
to achieve a 70% cutoff but reported barely satisfactory 
subjective image quality (25). Traditionally, lowering 
the tube voltage can achieve a contrast dose reduction. 

Table 2 Comparison of objective image quality items among the 40- and 70-keV low-dose contrast VMI and full-dose contrast images

Item 40-keV VMI 70-keV VMI Full-dose image P value

Attenuation (HU)

AAO 452.3±72.5*† 152.8±22.1* 502.8±81.5 <0.001

DAO 434.1±61.6*† 151.3±17.9* 435.9±65.8 <0.001

AA 410.5±63.2*† 148.0±19.4* 453.9±67.1 <0.001

Noise (HU)

AAO 14.1±2.7*† 12.0±1.4* 21.2±4.8 <0.001

DAO 16.1±3.3*† 13.8±2.2* 22.7±4.2 <0.001

AA 20.2±3.5* 18.4±3.3* 26.4±5.5 <0.001

SNR

AAO 32.7±7.4*† 12.8±2.6* 24.5±6.1 <0.001

DAO 28.2±8.3*† 11.2±2.6* 20.8±5.8 <0.001

AA 21.1±6.2† 8.2±2.2* 18.2±5.9 <0.001

CNR

AAO 20.7±7.6† 6.9±2.3* 19.0±5.5 <0.001

DAO 21.4±7.4† 7.3±2.8* 19.7±7.8 <0.001

AA 21.4±6.5† 6.1±2.4* 21.2±6.1 <0.001

Data are presented as the mean ± standard deviation. *, significant difference from the full-dose group; †, significant difference from 
the 70-keV VMI group. VMI, virtual monochromatic image; HU, Hounsfield units; AAO, ascending aorta; DAO, descending aorta; AA, 
abdominal aorta; SNR, signal-to-noise ratio; CNR, contrast-to-noise ratio.
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However, this cannot achieve a greatly reduced amount 
of contrast, as it is limited by the basic requirements for 
X-ray penetration. Frequent follow-up CTA scans are 
necessary for patients with aortic diseases. Using the ultra-
low contrast scan, we achieved an average reduction of  
51 mL (nearly 80%) of contrast. Thus, the crucial 
contribution of this study is the novel development of a 
potential ultra-low contrast protocol for the aortic CTA 

scan, which was validated through a rigorous self-contrast 
study design.

Another interesting finding of our study is that the VNC 
images derived from our ultra-low protocol were similar to 
the TNC images but had superior image quality and much 
less contrast medium remanence than those from the full-
dose contrast protocol. This finding suggests that a VNC 
image derived from an ultra-low iodine protocol could 

Figure 2 Case-based comparison of the CT angiography images among the full-dose image, 70-keV VMI, and 40-keV VMI groups at the 
AAO, DAO, and AA levels. Note that the vessel enhancement of the 40-keV images was similar to that of the conventional images, and the 
enhancement of the above 2 was significantly better than that of the 70-keV images. White dotted circles indicate an implanted stent. VMI, 
virtual monochromatic image; AAO, ascending aorta; DAO, descending aorta; AA, abdominal aorta; CT, computed tomography.

Full-dose image

AAO

DAO

AA

70-keV VMI 40-keV VMI
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Table 4 Comparison of VNC images derived from low-dose and full-dose contrast images

Item VNClow VNCfull TNC P value

VMC

AAO 3.48±9.16*† 21.10±12.94* −4.40±16.28 <0.001

DAO −0.04±9.27 22.58±12.96* −4.73±11.92 <0.001

AA 1.45±7.00*† 25.57±11.63* −6.15±9.01 <0.001

VMR

AAO 1.17±0.33 1.92±0.81* 1.00±0.41 <0.001

DAO 1.02±0.26 1.79±0.61* 0.93±0.21 <0.001

AA 1.04±0.17*† 1.65±0.32* 0.89±0.16 <0.001

VMP

AAO 0.17±0.33 0.92±0.81* 0.01±0.41 <0.001

DAO 0.02±0.61 0.79±0.61* −0.06±0.21 <0.001

AA 0.44±0.17*† 0.62±0.32* −0.01±0.16 <0.001

Data are presented as the mean ± standard deviation. *, significant difference from the TNC group; †, significant difference from the VNCfull 
group. TNC, true noncontrast; VNC, virtual noncontrast; VMC, vessel-muscle contrast; AAO, ascending aorta; DAO, descending aorta; AA, 
abdominal aorta; VMR, vessel:muscle ratio; VMP, vessel-muscle percentage.

Table 3 Comparison of subjective image quality items among the 40- and 70-keV low-dose contrast VMI and full-dose contrast images

Item 1 2 3 4 5 Mean score 

Aortic enhancement, n (%)

40-keV VMI 0 (0.0) 0 (0.0) 0 (0.0) 22 (62.9) 13 (37.1) 4.37

70-keV VMI 7 (20.0) 10 (28.6) 18 (51.4) 0 (0.0) 0 (0.0) 2.31

Full-dose image 0 (0.0) 0 (0.0) 0 (0.0) 15 (42.9) 20 (57.1) 4.57

Brachiocephalic enhancement, n (%)

40-keV VMI 0 (0.0) 0 (0.0) 0 (0.0) 23 (65.7) 12 (34.3) 4.34

70-keV VMI 0 (0.0) 23 (65.7) 12 (34.3) 0 (0.0) 0 (0.0) 2.34

Full-dose image 0 (0.0) 0 (0.0) 0 (0.0) 17 (48.6) 18 (51.4) 4.51

Abdominal aortic side branch enhancement, n (%)

40-keV VMI 0 (0.0) 0 (0.0) 0 (0.0) 20 (57.1) 15 (42.9) 4.42

70-keV VMI 8 (22.8) 11 (31.4) 16 (45.8) 0 (0.0) 0 (0.0) 2.22

Full-dose image 0 (0.0) 0 (0.0) 0 (0.0) 17 (48.6) 18 (51.4) 4.51

Overall image noise, n (%)

40-keV VMI 0 (0.0) 0 (0.0) 0 (0.0) 10 (28.5) 25 (71.5) 4.71

70-keV VMI 0 (0.0) 0 (0.0) 0 (0.0) 29 (82.8) 6 (17.2) 4.17

Full-dose image 0 (0.0) 0 (0.0) 0 (0.0) 25 (71.5) 10 (28.5) 4.28

Numbers 1–5 represent the scores of each subjective evaluation index. VMI, virtual monochromatic image.
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replace the TNC image, thus avoiding the radiation from 
a noncontrast scan. Similar VNC results to those of our 
full-dose group can be found in the study by Lehti et al.  
who found that the VNC images reconstructed from a 
conventional full-dose protocol had a significantly higher 

mean attenuation and a higher noise level than did TNC 
and could not replace TNC in the confirmed diagnosis (26).  
Our results further indicate that a lower dose of CTA might 
produce better VNC and increase the probability of using 
VNC as a substitute. However, Sauter et al. proposed that 

Figure 3 Case-based comparison of the VNC images derived from the 75% cutoff ultra-low (VNClow) and standard full dose (VNCfull) 
contrast protocol with reference to the TNC images at the AAO, DAO, and AA levels. Note that significant remnants of iodine (black 
asterisk) could be found in the VNCfull images, but only slight amounts were found in the VNClow images. In addition, the intramural 
hematoma (arrows) of clinical significance could be found in the TNC and VNClow images but would be mistaken as a thrombus in the 
VNCfull images. White dotted circles indicate an implanted stent. VNC, virtual noncontrast; TNC, true noncontrast; AAO, ascending aorta, 
DAO, descending aorta, AA, abdominal aorta.
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the concentration of contrast medium in blood vessels 
does not affect the reconstructive VNC quality (27). 
Nevertheless, their study only compared the VNC from 
the arterial and venous phase images. Theoretically, the 
VNC was reconstructed by deionizing iodine-containing 
tissues, and a previous study conducted by Van Hedent et al.  
also concluded that factors such as the patient’s body size, 
radiation dose, and contrast dose can affect the quality of 
the VNC (28). Based on the results from this study, we 
believe that a lower contrast dose should produce better 
VNC images, but further investigations are warranted. 
In addition, whether the VNC derived from the ultra-
low contrast protocol can replace TNC from a diagnostic 
viewpoint needs to be determined by further study.

Another attribute of the optimal VMI image quality at 
40-keV might be the acceptable noise increase when the 
energy level is adjusted from 70- to 40-keV. The VMI 
image noise was inversely associated with the energy level. 
However, in DLCT, the noise of the 40-keV VMI was 
slightly worse than that of the 70-keV VMI at the AAO and 
DAO. This could be due to the innate mechanism of the 
spectral CT, in which exactly-matched dual-layer detectors 
are used to eliminate the correlated noise (15). Therefore, 
the SNR and CNR of the 40-keV VMI images were 
comparable to those of the full-dose images, even when 
the CT value was slightly lower than that of the full-dose 
images. 

However, DLCT cannot achieve a radiation dose or a 
purer spectral separation as that of DECT based on the 
dual-source technique (29,30). In addition, limited by the 
8-mm width, its use in fast or one-beat cardiac scanning is 
not applicable. Nevertheless, the above drawbacks do not 
significantly impact the aortic CTA, as shown in our study. 
Given the feasibility of spectral CT in the retrospective 
reconstruction of multiparameter images and their capacity 
to salvage poor-quality CTA, the clinical application of 
such an ultra-low contrast CTA protocol is promising, and 
further diagnostic validation studies are warranted. 

This study had several limitations. First, despite the 
demonstrated image quality, a higher radiation dose 
associated with DECT compared to some low-dose 
protocols remains a concern. Second, aortic CTA has been 
accepted as the gold standard for anatomical assessment; 
thus, we used a self-control study to compare the image 
quality rigorously. Moreover, the scope of this investigation 
was limited to the assessment of vessel enhancement and 
image noise. Although good image quality was the basis 

for diagnosis, the results of this study should not yet be 
expanded to include diagnostic accuracy. Third, as a single-
center design was employed, all individuals included were 
routine patients referred to aortic CTA. Although the 
comparison was rigorously designed, the cohort scale was 
limited. Finally, based on previous studies, we only selected 
the 40-keV level for a clinically efficient workflow, leaving 
the other energy levels unexamined. 

With our developed ultra-low contrast dose aortic CTA 
scan protocol on DLCT, the 40-keV virtual monoenergy 
reconstructed images achieved comparable image quality to 
that of full-dose CTA. Furthermore, the VNC images from 
the ultra-low contrast dose protocol were closer to TNC 
images than were those from the full-dose protocol.

Conclusions

We developed an ultra-low contrast aortic CTA scan 
protocol on DLCT, in which the 40-keV virtual mon-
energy reconstructed images and the derived VNC images 
could achieve comparable image quality to that of full-dose 
CTA and noncontrast images.
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