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Background: The early diagnosis of thrombosis and fat embolism is important for subsequent treatment 
regimens. Spectral computed tomography (CT) virtual non-contrast (VNC) scanning can not only accurately 
diagnose thrombosis and medium fat embolism but can also reduce the radiation dose and scanning time. 
However, there is a relative paucity of studies on what contrast concentration and exposure conditions 
are best for the quality of VNC images. To address this issue, this study aimed to investigate the effects of 
different exposure conditions and contrast concentrations on the quality of VNC images of low-density 
substances in spectral CT.
Methods: Four solution groups [i.e., groups A (15 mgI/mL), B (10 mgI/mL), C (5 mgI/mL), and D (the 
control group)] were matched with normal saline and contrast agent groups. Four groups of solution, duck 
blood clots, and fat were injected into four sections of the pig large intestine, respectively. CT scans with 
different exposure amounts were performed under the condition of 120 KV. Comparing the true non-contrast 
(TNC) image based on solution D group with the VNC images of the other three solution groups. The 
differences in the CT values, standard deviation (SD) values, and contrast noise ratio (CNR) values of the duck 
blood and fat under different iodine concentrations and exposures were compared. The image quality was 
evaluated using a three-point method and the Kappa consistency test was performed. The consistency of the 
tissue CT values in the TNC and VNC images was analyzed by drawing Bland-Altman scatter plots.
Results: The CT values of the duck blood in the VNC20mAs and VNCC groups were lower than those 
in the TNC groups (P<0.05). Under different exposures and contrast agent concentrations, the CT value 
of the fat in the VNC group was higher than that in the TNC group (P<0.05). The SD values of the duck 
blood and fat in three groups (i.e., groups A, B, and C) were lower than those in the TNC group (P<0.05). 
The CNR value of the duck blood in the VNC20mAs group was lower than that in the TNC group (Z=−2.10, 
P=0.04), and the CNR values of the duck blood and fat in the VNC group were higher than those in the 
TNC groups in the remaining different exposure and concentration groups (P<0.05). The CT values of 
the lesions in the two groups were consistent, and there were no statistically significant differences between 
the subjective scores of the TNC and VNC images (z=−1.34, P=0.18); the subjective evaluations of the two 
physicians had good consistency (K=0.80).
Conclusions: Under the conditions of higher contrast agent concentrations and proper exposure 
conditions, the VNC images were better able to restore the CT values of the blood clots, reduce the SD 
values of the blood clots and fat. In addition, and improve the CNR values of the blood clots and fat. In 
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Introduction

In recent years, with the aging of the population and 
changes in human lifestyles, human diseases caused by 
thrombosis and fat embolism, such as acute myocardial 
infarction, pulmonary embolism, and fat embolism 
syndrome, which seriously jeopardize human life and health, 
have become more common (1,2). Prompt diagnosis and 
early treatment are key to improving prognosis. Computed 
tomography (CT) is a well-established tissue imaging 
technique that uses an X-ray beam to scan the human body 
and is often used in medical examinations. CT scanning 
is one of the most common means of diagnosing blood 
clots and fat emboli. True non-contrast (TNC) imaging 
is inexpensive and fast. It can quickly diagnose fat emboli; 
however, it is limited in the diagnosis of blood clots.

Enhanced scans have a high spatial resolution, can 
accurately show normal organs and abnormal lesions, 
and can clearly show filling defects in blood vessels, so 
enhanced scans can be used to diagnose blood clots. To 
avoid the interference of contrast agents, conventional 
enhancement scans are performed by TNC and three-
phase scanning, which results in superimposed scans. The 
radiation doses of superimposed scans cannot be ignored, 
and ionizing radiation may have important effects on vital 
biochemical structures and functions of the human body. 
According to the “as low as reasonably achievable” principle 
of optimization of radiation protection, the radiation dose 
should be minimized without compromising the image 
quality and clinical diagnosis (3).

With the continuous development of CT technology, 
new detectors with higher spatial resolution have become 
popular. Spectral CT is an energy CT imaging device based 
on a dual-layer detector, which can simultaneously receive 
high-energy and low-energy X-ray photons, and accurately 
separate mixed energies in X-ray scans (4). Spectral CT can 
simultaneously generate conventional images and spectral 
images, and meets the three core technical requirements of 
“simultaneous”, “homologous”, and “homogeneous” energy 

imaging (5-8). Spectral CT can also reconstruct multiple 
spectral images, provide more parametric information than 
conventional CT, improve the sensitivity of diagnosing 
disease, and perform lesion component identification and 
quantification (9-11).

Spectral CT is also able to distinguish between different 
components of a substance (e.g., iodine), and the effects 
of the iodine value can be removed by “iodine-water 
separation” (12). Thus, spectral CT-enhanced imaging 
can virtually remove the element of iodine to obtain an 
image similar to the TNC image without iodine. This 
type of imaging is called virtual non-contrast (VNC) 
imaging. VNC images can show the original Hounsfield 
unit (HU) values of all tissues except iodized tissues. VNC 
imaging is an important research direction in spectral CT 
scanning technology, as it can reduce the radiation dose by 
minimizing the need for repeated scans, and is widely used 
in clinical practice, especially for thoracic, and abdominal 
organs (13). Previous studies have shown that the CT values 
of VNC images are consistent with those of TNC images, 
so the VNC can be used as an alternative to TNC images (4).  
However, the quality of VNC images varies. Very few 
studies have examined the best contrast concentration and 
exposure conditions for quality VNC images (4). Thus, this 
study sought to investigate the effects of different exposure 
conditions and contrast concentrations on the quality of 
VNC images of blood clots and fat.

Methods

Materials

Fresh pig large intestine was purchased from the 
supermarket. It was divided into four sections, and the 
inner wall grease was removed. Duck blood clots (3.0 cm × 
3.0 cm × 1.5 cm) and fat grease (2.0 cm × 2.0 cm × 1.0 cm) 
from the same source and of the same size were put into 
each of the four sections of the pig large intestine. Next, 
50 mL of the non-ionic contrast agent (Ioversol injection, 

addition, the quality of the two images was similar.
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Figure 1 Experiment-related materials. (A) The size of the duck blood cubes (3.0 cm × 3.0 cm × 1.5 cm) and the size of the fatty fat  
(2.0 cm × 2.0 cm × 1.0 cm). (B) The materials required for the experiment included duck blood, fatty fat, duck intestines, straight-edge, 
scissors, disposable gloves, scissors, fine thread, disposable syringe, iodophor, saline, and a foam box.

Aisuxian, Jiangsu Hengrui Pharmaceutical Corp., China, 
100 mL, 350 mgI/mL) was diluted with normal saline at 
three concentrations of 15, 10 and 5 mgI/mL. The three 
concentrations were injected into three sections of the pig 
large intestine, which were labeled as group A (15 mgI/mL),  
group B (10 mgI/mL), and group C (5 mgI/mL), and saline 
was injected into the fourth section of the pig large intestine 
and labeled as group D (the control group) (Figure 1). 
The four groups of the pig large intestine were uniformly 
placed and fixed in a foam box filled with water, and the 
enhancement scans and TNC scans were simulated with 
different contrast concentrations.

Scanning method

Scanning was performed using a Philips dual-layer spectral 
detector CT (IQon spectral CT, Philips Medical System, 
the Netherlands). The scanning range of the foam box 
was consistent under different exposure conditions. The 
scanning parameters were as follows: fixed tube voltage: 
120 kVp; exposure: 200, 100, 50, and 20 mAs; pitch factor: 
0.985, rotation speed: 0.5 s/r; scan length: 260 mm; matrix: 
512 × 512; field of view: 320 mm2; reconstructed images: 
standard mode; thickness and spacing of the reconstructed 
layers: 1 mm.

Image post-processing

The obtained conventional images were imported into the 
Philips IntelliSpace Portal workstation (Version 10.1, Philips 
Medical System) for post-processing. The four sections of 
the pig large intestine were scanned under four different 
exposure conditions, and the obtained TNC images 

were labeled as the TNC200 mAs, TNC100 mAs, TNC50 mAs,  
and TNC20 mAs groups. The VNC images (VNCA, VNCB, 
and VNCC) were reconstructed based on the spectral CT 
images scanned by the three groups of models A, B, and C.

A CT imaging physician with five years of clinical 
experience outlined the region of interest (ROI) of 
lesion, and three adjacent levels of the lesion were 
outlined using copy-and-paste ROIs to ensure that the 
ROIs at the outlined levels were consistent in terms 
of the location, shape, and size. The ROI areas of the 
duck blood, fat, and water were approximately 200, 50, 
and 100 mm2, respectively. The CT imaging physician 
measured their CT and standard deviation (SD) values, 
and calculated the contrast noise ratios (CNRs) using the 
following formula (14): 

( )tissue water waterCNR CT CT SD= −  [1]

Subjective evaluation

Two diagnostic imaging doctors with more than 10 years 
of work experience independently analyzed the TNC and 
VNC images using the double-blind method and scored 
the image quality. If any disagreement arose, a third senior 
physician with more than 20 years of work experience 
analyzed these images, and an agreement was reached. 
The subjective scoring was performed using a three-point 
method, under which 3 points indicated clear lesion display 
and anatomical details, and no obvious artifacts or noise,  
2 points indicated fair lesion display and anatomical details, 
and artifacts and noise, and 1 point indicated poor lesion 
display and anatomical details, and severe artifacts and  
noise (15).
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Table 1 Results of objective evaluation metrics comparing true non-contrast images with virtual non-contrast images at different concentrations

Parameters
Blood clot Fat

CT SD CNR CT SD CNR

TNCD 2.64±1.43 6.97±2.67 2.16±0.38 −105.86±2.29 7.04±3.14 17.55±8.17

VNCA 2.41±3.82 5.82±1.77 3.64±2.09 −95.64±1.90 5.58±1.66 22.81±10.45

VNCB 2.58±1.43 5.81±2.82 2.98±1.37 −90.53±1.44 5.83±2.31 21.55±10.35

VNCC 4.64±2.90 4.70±1.61 4.21±2.14 −90.01±3.22 5.50±2.55 21.30±9.88

Z

TNCD-VNCA −0.31 −2.20 −2.20 −3.06 −1.04 −3.06

TNCD-VNCB −1.47 −2.59 −2.35 −3.06 −2.13 −2.90

TNCD-VNCC −2.51 −3.06 −2.93 −3.06 −2.82 −3.06

P

TNCD-VNCA 0.75 0.03 0.03 0.01 0.04 0.01

TNCD-VNCB 0.14 0.01 0.02 0.01 0.03 0.01

TNCD-VNCC 0.01 0.01 0.01 0.01 0.01 0.01

A, B, C, and D indicate 15 mgI/mL, 10 mgI/mL, 5 mgI/mL and the control group. Data are expressed as mean ± SD. VNC, virtual non-
contrast; TNC, true non-contrast; CT, computed tomography; SD, standard deviation; CNR, contrast noise ratio.

Statistical analysis

All the statistical analyses were conducted by using the 
Statistical Package for the Social Sciences software package 
(SPSS version 21.0, IBM Corp., USA), setting the priori 
significance level at P<0.05. The Kolmogorov-Smirnov 
and Levene methods were used to test the normality 
and variance homogeneity of the measurement data; the 
measurement data were expressed as the mean ± SD; 
the count data were expressed as the frequency. The 
measurement data and count data between multiple groups 
that did not satisfy variance homogeneity were analyzed by 
the Wilcoxon signed rank-sum test. Bland-Altman scatter 
plots were used to analyze the agreement between the 
tissue CT values in the TNC and VNC images, with the 
TNC measurements as the X-axis, the difference between 
the TNC and VNC images as the Y-axis, and the limits of 
agreement (LOA) as the median of the difference (mean) 
±1.96 SD; an out-of-bounds percentage of less than 5% 
indicated good agreement between the TNC and VNC 
images (13). The Kappa test was used to examine the 
consistency of the subjective scores; a K value <0.4 indicated 
poor consistency between the TNC and VNC images; a K 
value of 0.4–0.75 indicated fair consistency; and a K value 
≥0.75 indicated good consistency. A P value <0.05 was 
considered statistically significant.

Results

Comparison of the quantitative parameters between the 
VNC and TNC images at different concentrations

The CT value of the duck blood in the images of the VNCC 
group was higher than that of the TNCD group, and the 
difference was statistically significant (P<0.05). The CT 
values of the fat in the images of the VNCA, VNCB, and 
VNCC groups were higher than that of the TNCD group, 
and the differences were all statistically significant (P<0.05). 
The SD values of the duck blood and fat in the images of 
the VNCA, VNCB, and VNCC groups were lower than 
those of the TNCD group, and the CNR values were higher 
than those of the TNCD group, and the differences were all 
statistically significant (P<0.05). The CT values of the duck 
blood in the images of the VNCA and VNCB groups did not 
differ significantly compared with those in the images of the 
TNCD group (P>0.05) (Table 1, Figure 2).

Comparison of the quantitative parameters between the 
VNC and TNC images under different exposure amounts

Under different exposure conditions, the CT values of 
the fat in the VNC images were higher than those of the 
TNC images; the SD values of the duck blood and fat in 
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the VNC images were lower than those in the TNC images, 
and the differences were all statistically significant (P<0.05). 
The CNR values of the fat in the VNC images were higher 
than those in the TNC images under different exposures; the 
CNR values of the duck blood in the VNC200 mAs, VNC100 mAs, 
and VNC50 mAs images were higher than those in the TNC 
images; the CNR value of the duck blood in the VNC20 mAs 
images was lower than those in the TNC images, and the 
differences were all statistically significant (P<0.05) (Table 2).

Subjective ratings of image quality

Under the four exposure conditions, the two physicians had 
good agreement on the subjective evaluations of the duck 
blood and fat in the TNC and VNC images (Kappa value 
=0.80). The subjective scores of the two physicians for the 
VNC and TNC images were 2.31±0.70 and 2.19±0.75, 
respectively. The subjective scores (the average of the 
subjective scores of the two physicians) for the TNC and 
VNC images were 2.00±0.74 and 2.25±0.75, respectively, 
and the difference was not statistically significant (z=−1.34, 
P=0.18).

CT value consistency analysis

Compared with the TNC images, the average difference 
in the CT values of the blood clots and fat in the VNC 
images were 0.1 and −13.8 HU, respectively. The 
proportion of data points with VNC-TNC differences 
in the duck blood and fat tissues, which were outside the 

LOA boundary, was ≤5%, which indicated that there was a 
better consistency in the CT values of the tissues between 
the two images (Figure 3).

Discussion

Previous study (13) has shown that spectral CT can be 
used to reconstruct multiple spectral images, such as virtual 
single-energy level images, VNC images, iodine-density 
images, and effective atomic number images. VNC can 
reduce a TNC scan, VNC can reduce the radiation dose, 
shorten the examination time, reduce image noise, and 
improve the signal-to-noise ratio (16). In addition, the CT 
values in the VNC images did not differ greatly from those 
in the TNC images, so VNC images can effectively replace 
TNC images. To date, few studies have explored the effects 
of different contrast concentrations and different exposures 
on the quality of VNC images. Since very low-density gas 
emboli and high-density emboli are easily recognized by 
intracavitary blood contrast concentration in CT scanning, 
this study explored the effects of different exposure 
conditions and contrast concentrations on the image quality 
of spectral CT virtual scans of blood clots and fat using 
duck blood and pork fat (17,18).

The premise of replacing TNC scanning with VNC 
technology of double-layer detector spectral CT is 
whether the VNC image truly reflects the CT value and 
lesion condition of TNC image, and whether it can meet 
the requirements of imaging diagnosis. Among these 
parameters, the SD and CNR values are important for 

Figure 2 An example of a delineation of a region of interest in a virtual non-contrast image. (A) A virtual plain image of adipose tissue 
in group A, with a CT value of approximately −88.1 HU; (B) a virtual plain image of adipose tissue in group B, with a CT value of 
approximately −92.2 HU; (C) a virtual plain image of adipose tissue in group C, with a CT value of approximately −95.2 HU; (D) a 
conventional plain image of adipose tissue in group D, with a CT value of approximately −105.4 HU. A, B, C, and D indicate 15 mgI/mL, 
10 mgI/mL, 5 mgI/mL and the control group. CT, computed tomography; HU, Hounsfield unit. 

B C DA

VNC [HU]
Ar: 52.50 mm2

Av: −88.1 HU
SD: 1.8
Perim: 29.31 mm

VNC [HU]
Ar: 47.21 mm2

Av: −92.2 HU
SD: 3.0
Perim: 27.43 mm

VNC [HU]
Ar: 50.04 mm2

Av: −95.2 HU
SD: 4.1
Perim: 29.37 mm

Ar: 48.72 mm2

Av: −105.4 HU
SD: 3.0
Perim: 28.13 mm
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Table 2 Comparative results of objective evaluation indexes of true non-contrast and virtual non-contrast images with different exposures

Parameters
Blood clot Fat

CT SD CNR CT SD CNR

TNC200 mAs 2.53±0.35 4.23±0.13 2.24±0.11 −105.13±0.26 3.20±0.30 30.68±0.08

VNC200 mAs 3.76±2.46 3.46±0.79 4.29±1.06 −92.18±2.61 2.53±0.60 36.89±1.12

TNC100 mAs 4.67±0.59 5.53±0.28 2.55±0.09 −106.17±1.63 5.53±0.63 14.51±0.25

VNC100 mAs 5.63±3.03 4.23±0.65 6.08±0.09 −93.98±2.93 4.79±0.71 23.48±0.87

TNC50 mAs 1.73±0.87 7.17±0.96 2.28±0.14 −104.67±1.77 8.50±0.92 14.92±0.29

VNC50 mAs 1.74±0.75 5.66±0.93 2.69±0.16 −91.09±4.87 6.16±0.99 16.64±1.01

TNC20 mAs 1.63±0.74 10.93±0.5 1.59±0.08 −107.47±3.24 10.93±0.85 10.06±0.35

VNC20 mAs −0.81±2.03 8.42±1.40 1.38±0.27 −91.00±2.36 8.47±0.69 10.54±0.31

Z

Za −1.13 −2.08 −2.67 −2.67 −2.25 −2.67

Zb −0.77 −2.55 −2.67 −2.67 −2.08 −2.67

Zc −0.06 −2.19 −2.67 −2.67 −2.67 −2.67

Zd −2.43 −2.55 −2.10 −2.67 −2.67 −2.43

P

Pa 0.26 0.04 0.01 0.01 0.02 0.01

Pb 0.44 0.01 0.01 0.01 0.04 0.01

Pc 0.95 0.03 0.01 0.01 0.01 0.01

Pd 0.02 0.01 0.04 0.01 0.01 0.02
a, b, c, d represent TNC200 mAs-VNC200 mAs, TNC100 mAs-VNC100 mAs, TNC50 mAs-VNC50 mAs, TNC20 mAs-VNC20 mAs, respectively. Data are expressed 
as mean ± SD. VNC, virtual non-contrast; TNC, true non-contrast; CT, computed tomography; SD, standard deviation; CNR, contrast 
noise ratio.
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Figure 3 Bland-Altman scatter plot of the CT value concordance analysis of the true non-contrast and virtual non-contrast images. (A) 
The difference in the CT values between the virtual non-contrast and true non-contrast images for blood clots; (B) the difference in the 
CT values between the virtual non-contrast and true non-contrast images for fat. TNC, true non-contrast; VNC, virtual non-contrast; SD, 
standard deviation; CT, computed tomography. 
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evaluating image quality, with lower SD values and higher 
CNR values representing higher image quality. Thus, 
this study investigated which exposure and concentration 
conditions produced the best quality reconstructions of 
the VNC images. Our findings will help us to choose the 
appropriate concentrations (e.g., in the arterial, venous, and 
delayed phases) and exposures to reconstruct VNC images 
in our clinical work.

The results of the study showed that the CNR value 
of the duck blood in the VNC20 mAs group was lower than 
that of the TNC group, and the CNR values of the duck 
blood and fat in the VNC group were higher than those of 
the TNC group in the remaining different exposure and 
concentration groups. The SD values of the duck blood 
and fat in the VNC group were lower than those of the 
TNC group in the different concentration and exposure 
groups, which may be related to the spectral reconstruction 
algorithm of the spectral CT and the noise suppression 
technique (19). The CT values of the duck blood in the 
VNC20 mAs and VNCC groups were lower than those of the 
TNC group, and the difference was statistically significant. 
There were no statistically significant differences between 
the CT values of the duck blood in the VNC and TNC 
images under the residual exposure (200, 100, and  
50 mAs) and concentration (15 and 10 mgI/mL) conditions. 
This may be because low exposure and concentration 
result in reduced image resolution and large errors in the 
measurements. The CT values of the fat in the VNC images 
with different concentrations and different exposures were 
higher than those in the TNC images, and the differences 
were statistically significant, which is consistent with the 
results of Yang et al. (4). It may be that the existence of the 
partial volume effect and sclerosis effect in the enhanced 
scan makes the absolute CT value of the final measurement 
of the fat lower and the CT value of the fat itself negative. 
Thus, fat components or fat infiltration will increase the 
CT values of VNC images.

The Bland-Altman analysis showed that the difference 
in the CT number between the TNC and VNC images 
for fat and clots was ≤5% at points outside the LOA 
boundaries; thus, the CT consistency was good. Sauter  
et al. (20) concluded that the difference in CT values 
between VNC and TNC images was negligible at 10 HU or 
less, and that differences of 10 to 15 HU were acceptable. 
In the measurement of blood clots, the differences in the 
CT values between the VNC and TNC images were 97%  
<5 HU and 100% <10 HU, respectively. In the measurement 
of fat, the differences in CT values between the VNC 

and TNC images were 64% <15 HU. In this study, the 
differences between the subjective scores of the VNC and 
TNC images were not statistically significant, and the 
agreement between the CT values of low-density material 
in the VNC and TNC images was good. This indicates that 
spectral CT has a better deiodination effect, which reduces 
the density of the lesion and shows the lesion clearly.

This study had several limitations. First, the sample 
size was relatively small, and the data were only analyzed 
for lesions under three different concentration conditions 
and four different exposure conditions, which limits the 
generalizability of the results. A study with a larger sample 
size will be conducted in the future to further validate the 
accuracy and reliability of the method. Second, the VNC 
image quality is highly dependent on the post-processing 
software and its algorithms. The post-processing of spectral 
CT can be performed either before or after high-/low-
energy reconstruction; the former reduces beam-hardening 
artifacts but requires higher computational power; the latter 
is easier to process the reconstructed images but requires 
correction of beam-hardening artifacts. In future studies, 
larger sample sizes will be used to provide strong support 
for VNC images replacing TNC images.

Conclusions

In summary, the study showed that the double-layer 
detector spectral CT can effectively restore the CT value 
of the clot under the different exposure conditions and 
contrast concentrations, except for 20 mAs exposure and  
5 mgI/mL contrast concentration. Spectral CT can 
effectively reduce the noise and improve the signal-to-noise 
ratio of VNC images under the different exposure conditions 
and contrast concentrations, except for 20 mAs exposure. 
In addition, the CT values of the fat and duck blood had 
good agreement between the TNC and VNC images. 
Thus, when we reconstruct VNC images using spectral 
CT, we should choose time phases with higher contrast 
concentrations (e.g., the arterial and venous phases) and 
the right amount of exposures (e.g., 200, 100, and 50 mAs).  
As the radiation dose increases as exposure increases, a 
relatively low exposure of 50 mAs should be selected for 
clinical scanning, which should effectively reduce the 
radiation dose to the patient and reduce the scanning time.
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