
ORIGINAL ARTICLE
Assessment of Virtual Monoenergetic Images in Run-off
Computed Tomography Angiography: A Comparison
Study to Conventional Images From Spectral Detector

Computed Tomography

Haiyan Ren, MM, Yanhua Zhen, MM, Zheng Gong, MD, Chuanzhuo Wang, MD,

Zhihui Chang, MD, and Jiahe Zheng, MD
Objective: The aims of this study were to evaluate image quality of vir-
tual monoenergetic images (VMIs) compared with conventional images
(CIs) from spectral detector CT (SDCT) and to explore the optimal energy
level in run-off computed tomography angiography (CTA).
Methods: The data sets of 35 patients who received run-off CTA on the
SDCTwere collected in this retrospective study. Conventional images were
generated via iterative reconstruction algorithm and VMI series from 40 to
120 keV were generated via spectral reconstruction algorithm. The objec-
tive indices including vascular attenuation, noise, signal-to-noise ratio,
and contrast-to-noise ratio were compared. Two readers performed subjec-
tive evaluation using a 5-point scale.
Results: The attenuation showed higher values compared with CIs at 40
to 60 keV (P < 0.001). The noise was similar in 60- to 80-keV VMIs
and significantly decreased in 90- to 120-keV VMIs (P < 0.001) in com-
parison with CIs. The signal-to-noise ratio and contrast-to-noise ratio were
improved in 40- to 60-keV VMIs compared with CIs (P < 0.05). The score
of subjective assessment was higher than that of CIs in 50- to 70-keVVMIs
(P < 0.001).
Conclusions: Virtual monoenergetic images can provide improved im-
age quality compared with CIs from SDCT in run-off CTA, and VMIs at
60 keV may be the best choice in evaluating lower extremity arteries.

Key Words: spectral detector CT, virtual monoenergetic images,
angiography

(J Comput Assist Tomogr 2021;45: 232–237)

T he run-off computed tomography angiography (CTA) has
been widely applied for convenient, noninvasive reliability

in detecting arterial stenoses and becomes an alternative diagnos-
tic method compared with digital subtraction angiography.1–4

With the development of technology, spectral CT, such as
dual-source and rapid kV switching scanner, has been widely
used, which can generate virtual monoenergetic images (VMIs)
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with spectral discrimination achieved at the source level as well
as improve vessels contrast and provide extra information for di-
agnosis.5 Currently, the spectral detector computed tomography
(SDCT) is applied in clinical practice. The CT scanner innova-
tively realizes energy separation based on detectors, which can si-
multaneously obtain dual-energy projection data at the same
spatial and temporal resolution, and then VMIs can be obtained
by linear combination of these dual-energy data sets, which re-
sembles true monoenergetic images and shows more advantages
in decreasing artifact and noise.6–14

Several studies have reported the advantages of VMIs on the
SDCT for optimizing the image quality of coronary artery.15,16

So far, the only 1 study in run-off CTA on the SDCTwas about
evaluating the stent visualization, which showed that VMIs could
obtain more accurate stent lumen evaluation compared with
120-kVp polychromatic conventional images (CIs).11 However,
the potential benefits of VMIs for evaluating lower extremity ves-
sels have not yet been reported. Therefore, we hypothesized that
VMIs could provide improved image quality in comparison with
CIs for assessing lower extremity arteries on the SDCT.

The current study aimed at comparing the image quality of
VMIs and CIs from the SDCT and exploring the optimal energy
level of VMIs in run-off CTA.
MATERIALS AND METHODS
This retrospective study got the approval of institutional re-

view board, and informed consent was waived. The data sets of
35 patients who received run-off CTA on the SDCT (IQon; Philips
Healthcare, the Netherlands) in our hospital because of suspected
lower extremity arteriosclerosis obliterans were collected from
January 2019 to October 2019, including 24 male and 11 female
patients, with a mean age of 67.3 ± 8.4 years, ranging 47.0 to
86.0 years.

Computed Tomography Scanning Protocol
All examinations were performed in a craniocaudal direction

and covered the distal abdominal aorta to the toes on the SDCT.
Ninety milliliter of iodinated contrast agent (iohexol, 350 mgI/mL,
Beilu Pharmaceutical Co, Ltd, Beijing, China) was injected intrave-
nously for all patients at a flow rate of 4 mL/s, followed by injecting
saline of 30 mL. Scans were triggered with the bolus-tracking tech-
nique and were initiated 16 seconds after the attenuation of the distal
abdominal aorta reached 150 HU. The following image acquisition
parameters were used: slice collimation, 64 � 0.625 mm; rotation
time, 0.5 seconds; pitch, 0.96; matrix, 512 � 512; dose modulation
type, DoseRight 3D-DOM (Philips Healthcare); and tube voltage,
120 kVp.
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Image Reconstruction
The slice thickness and increment were both 1 mm for image

reconstruction. Conventional images were generated via iterative
reconstruction algorithm (iDose4, level 3) and VMIs series rang-
ing from 40 to 120 keV (10-keV intervals) were reconstructed
via spectral reconstruction algorithm (Spectral B, level 3). Images
over 120-keV energy levels were not evaluated because vascular
enhancement becomes fainter with higher-energy levels.17

Then, all images were sent to the workstation (IntelliSpace Por-
tal 9.0, Philips Healthcare). Maximum intensity projections
and curved planar reformation were reconstructed for per pa-
tient. Window settings (width, 350; level, 45) were preseted
but freely modifiable.

Objective Analysis
Measurements were completed by a reader with 3 years of

experience in CTA. The mean vascular attenuation was obtained
after measuring on the transverse images 3 times in bilateral com-
mon iliac arteries, common femoral arteries, middle superficial
femoral arteries, middle popliteal arteries, and tibioperoneal trunk.
The standard deviation (SD) of vascular attenuation was recorded
as image noise, and the attenuation of adjacent muscle at the same
transverse section was recorded for the calculation of the signal-
to-noise ratio (SNR) and contrast-to-noise ratio (CNR), which
were obtained by the formulas: SNR = HUvessel/noisevessel,
CNR = (HUvessel − HUmuscle)/noisevessel.

18,19 Target areas were
set at the center of the vessels and were maximized within the lu-
minal diameter, avoiding vascular walls, atherosclerotic plaques,
and calcifications. Besides, severe stenosis or occlusive target ar-
teries were excluded.

Subjective Analysis
The subjective evaluation was completed individually by 2

readers with 8 and 11 years of experience in CTA. The CIs and
VMIs series, including transverse, maximum intensity projection,
FIGURE 1. Box-and-whisker plots comparing results of themean vascula
120 keV and CIs. The results showed a similar trend,which decreasedwith
* between VMIs and CIs.

234 www.jcat.org
and curved planar reformation images, were scored using a
5-point scale by following parameters: noise, artifacts, contrast,
and sharpness, and were scored from 1 = poor to 5 = perfect.
The detailed scoring criteria were as described in our previous
study.18 The final score was decided by consensus under the cir-
cumstance of disagreement between the 2 readers.

Statistical Analysis
All data set analysis was completed by SPSS (Version 23.0)

and GraphPad Prism (Version 8.0). Quantitative variables were
expressed as mean ± SD and compared by analysis of variance.
Furthermore, objective indices of CIs and VMIs series were com-
pared with Dunnett multiple comparison post hoc test. Qualitative
variables were expressed as median with interquartile and com-
pared with the Kruskal-Wallis test. Significance was defined as
a P value of less than 0.05. Cohen κ test was used to assess the in-
terobserver agreement, as proposed in the prior study.18,20

RESULTS

Objective Analysis
Table 1 shows the results of objective image quality indices.

The vascular attenuation, noise, SNR, and CNR showed a similar
trend which decreased with energy levels increasing (Figs. 1, 2).
The mean vascular attenuation showed significantly higher values
in 40- to 60-keV VMIs than those of CIs (P < 0.001) and in-
creased approximately 190.3%, 90.0%, and 31.3% at 40, 50,
and 60 keV, respectively. The mean vascular attenuation was sim-
ilar to CIs in 70-keV VMIs (P > 0.05). At 80 to 120 keV, the mean
attenuation was lower compared with CIs (P < 0.001). The
mean noise showed significantly higher values in 40- to 50-keV
VMIs (P < 0.05) and similar to CIs in 60- to 80-keV VMIs
(P > 0.05) and significantly lower than that of CIs at 90 to
120 keV (P < 0.001). The mean SNR and CNR were both signif-
icantly higher in 40- to 60-keV VMIs (P < 0.05), which increased
r attenuation (A), noise (B), SNR (C), and CNR (D) in VMIs from40 to
the energy levels increasing. The differencewas significant except

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 2. Axial images at middle superficial femoral arteries of CIs and VMIs ranging from 40 to 120 keV. The vascular attenuation and noise
were decreased with energy levels increasing in VMIs.

TABLE 2. Subjective Analysis Results

Image Quality P κ

CI 4 (4–4) 0.656
40 keV 3 (3–4) 0.007 0.824
50 keV 5 (5–5) <0.001 0.646
60 keV 5 (5–5) <0.001 n/a
70 keV 4 (4–5) <0.001 0.775
80 keV 4 (4–4) 0.317 0.623
90 keV 4 (4–4) 0.025 0.777
100 keV 4 (3–4) <0.001 0.913
110 keV 3 (3–3) <0.001 n/a
120 keV 3 (2–3) <0.001 0.721

Values are expressed as median with interquartile; P values were the
results of comparison among VMIs from 40 to 120 keV and CIs.

n/a indicates not applicable.

J Comput Assist Tomogr • Volume 45, Number 2, March/April 2021 VMIs From SDCT in Run-off CTA
approximately 66.3%, 42.4%, and 21.5% at 40, 50, and 60 keV in
terms of SNR, respectively, and 80.5%, 51.4%, and 25.3% at 40,
50, and 60 keV in terms of CNR, respectively. At 70 to 80 keV, the
mean SNR and CNRwere similar to CIs and showed lower values
compared with CIs at 90 to 120 keV (P < 0.05).

Subjective Analysis
Results of the subjective analysis are presented in Table 2,

and representative images are shown in Figure 3. The score was
lower than that of CIs in 40-keV VMIs (P = 0.007) and showed
higher values in 50- to 70-keV VMIs (P < 0.001) and were equiv-
alent to CIs in 80-keV VMIs (P = 0.317) and 90-keV VMIs
(P = 0.025) and lower than that of CIs in 100 to 120 keV
(P < 0.001). The interobserver agreement between the 2 readers
was good to excellent (range, κ values > 0.61).

DISCUSSION
This study showed that the mean vascular attenuation, SNR,

CNR, and subjective image quality were improved at 50 to 60 keV,
and the noise was similar to CIs in 60-keV VMI, whereas the
noise significantly increased at 50 keV. Although all objective in-
dices were higher compared with CIs in 40-keV VMI, the subjec-
tive evaluation was inferior to CIs. Besides, objective indices in
70-keV VMIs were similar to CI, whereas subjective evaluation
was superior to CIs. Objective indices and subjective image qual-
ity scores were similar or decreased compared with CIs in 80- to
120-keV VMIs.

The previous studies showed that low energy levels VMIs
(≤60 keV) on the SDCT could obviously improve abdominal vas-
cular contrast for higher photoelectric attenuation as the energies
close to the K-edge of iodine.8,21 The present study demonstrated
a similar result that the attenuation of lower extremity vessels was
higher at 40 to 60 keV compared with CIs. The ability to improve
vascular contrast in low energy levels VMIs is useful in the cir-
cumstance of suboptimal vascular enhancement, which can avoid
extra contrast medium and radiation doses brought by extra scan-
ning and especially benefit patients with renal dysfunction.

In the present study, among all energy levels VMI, the atten-
uation, SNR, and CNR showed the highest values at 40 keV,
whereas the score of subjective image quality was inferior to CI,
which may be resulted from the obviously increased noise at lower
energy levels.22 The scores of subjective assessment showed the
highest values in 50- and 60-keV VMIs with significantly im-
proved SNR and CNR, whereas the noise was higher at 50 keV
and equal at 60 keV compared with CIs. A recent study11 also re-
ported that the highest attenuation, SNR, and CNR of the in-stent
lumen and adjacent vessel in lower extremity were shown,
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
whereas the stent visualization was inferior to CIs in 40-keV
VMIs on the SDCT. In addition, the study demonstrated that the
attenuation, SNR, and CNR were significantly improved at 50
to 70 keV. However, the highest score in subjective analysis
showed at 90 keV with significantly decreased SNR and CNR
compared with CIs, which was different from our result. The pos-
sible reason was that the image quality of vessels with a stent was
influenced not only by SNR and CNR but also by the stent
beaming hardening.11 Thus, the optimal image quality should de-
pend on the balance of attenuation, contrast, and noise, etc.22

Sudarski et al22 reported that the SNR and CNR showed
significantly higher values in 60-keV VMIs in comparison with
CIs in run-off CTA on a dual-source CT, whereas these were
comparable in 40- to 50-keV VMIs. In the present study, the
SNR and CNR showed significantly higher values at 40 to
60 keV and the subjective image quality score was significantly
higher than that of CIs in 50 to 70 keV. The difference of results
may be due to the different physics way for acquiring the image
data and the different reconstruction methods for generating
VMIs in per scanner.23

There are several limitations as follows. First, only evalua-
tions of image quality were performed. The diagnostic accuracy
of images in comparison with digital subtraction angiography
should be taken into consideration in further study. Second, the
sample size may not large enough and larger samples are required
to warrant our results. Third, the energy interval is 10 keV in this
study and further work should use a smaller interval.
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FIGURE 3. Maximum intensity projection images of CIs and VMIs ranging from 40 to 120 keV were shown as examples. Virtual
monoenergetic images at 50 and 60 keV showed the highest subjective image scores, which were both 5.
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In conclusion, the present study shows that VMIs derived
from SDCT can provide improved vascular contrast, SNR,
CNR, as well as better subjective image quality in comparison
with CIs in run-off CTA. The VMIs at 60 keV has the highest sub-
jective image quality score with significantly improved attenua-
tion, SNR, CNR, and similar noise, which shows the potential
advantages in improving visualization and diagnostic confidence
of vascular stenosis.
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