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Background: To assess the clinical feasibility of using effective atomic number (Zeff) maps derived from 
non-contrast-enhanced computed tomography (NCECT) scans obtained by dual-layer spectral computed 
tomography (DLCT) to identify non-calcified atherosclerotic plaques. 
Methods: A total of 37 patients with 86 non-calcified atherosclerotic plaques confirmed by contrast-enhanced 
CT (CECT) were enrolled in this retrospective study. Both spectral-based-images (SBI) and conventional 
images (CI) were reconstructed from NCECT and CECT scans. The presence of plaques on NCECT Zeff 
maps and CIs were independently assessed by 2 radiologists. In CECT scans, plaques and regions of interest 
(ROIs) in vessel lumens were assessed with CT attenuation and Zeff values, and the proportion of plaques was 
determined as Area (plaque)/Area (vessel). The CT and Zeff values for plaques and blood were recorded from 
both CECT and NCECT scans. Contrast-to-noise ratios (CNRs) of the plaques were calculated and compared 
using CT attenuation and Zeff values. Finally, interobserver agreement was evaluated. 
Results: A total of 47 of the 86 (54.7%) plaques were identified on Zeff map images derived from the 
NCECT scans while only 7 (8.1%) plaques were identified on the CI. There was no significant difference 
between the mean vessel ROI area measured on CIs and that measured on Zeff map images (502.19 vs.  
498.14 mm2; P=0.28), while the mean plaque ROI area was larger (81.45 vs. 75.46 mm2). The observer 
consensus of vessel and plaque ROI area measurements using both methods was excellent, with interclass 
correlation coefficients (ICCs) of 0.99 and 0.94, respectively. For the 7 plaques detected both by NCECT CI 
and Zeff mapping, the CT attenuation and Zeff blood values were both larger than the plaque values [42.00 vs. 
25.67 Hounsfield unit (HU); 7.33 vs. 7.19 HU; both P<0.05]; the plaque ROI area measurement on the NCE 
Zeff map was smaller than that on the CE CI (48.73 vs. 77.76 mm2), but was much larger than that on the 
NCE CI (18.39 mm2). For all 47 plaques detected by NCE Zeff mapping, the CT attenuation and Zeff values 
of blood and plaques on the NCECT images showed no significant differences (42.53 vs. 35.14 HU; P=0.18;  
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Introduction

Atherosclerosis is a systemic disease that progresses slowly 
and silently over decades (1). The long-term disease course 
provides an opportunity for diagnosis before symptoms 
occur. Early detection and prevention of adverse events 
is crucial in clinical practice. Contrast-enhanced (CE) 
computed tomography (CT), a non-invasive method for 
detecting atherosclerotic disease, has played an increasingly 
important role in cardiovascular imaging modalities in 
recent years (2,3). However, CECT requires the injection of 
contrast agents, which is not recommended for patients with 
severely reduced kidney function or for the regular screening 
of atherosclerotic burden in routine health examinations. 

Dual-energy CT (DECT), an emerging technology 
developed in the last  decade,  al lows for material 
decomposition by absorbing high- and low-energy X-rays 
(4,5). Compared with conventional CT, DECT provides 
more image types, such as iodine maps, effective atomic 
number (Zeff) maps, and virtual mono-energy images, 
which can yield more useful diagnostic information in 
some clinical areas (6,7). Dual-layer spectral-detector CT 
(DLCT) is the latest commercially available DECT that 
acquires high- and low-energy X-rays by using a single X-ray 
tube and double-layer stacked detectors (8,9). This detector-
based DECT approach provides exactly matched high- 
and low-energy datasets, which enables raw data-based, 
material-decomposition methods and delivers accurate 
quantitative measurements for iodine concentrations and 
Zeff values (10-12). Another important benefit of this 
approach is the on-demand retrospective dual-energy 
analysis which does not require dual-energy scan settings 
beforehand (13). Indeed, the dual-energy mode is always on 
while scanning with DLCT, with no need for changing the 
existing scan parameters or clinical workflow. Furthermore, 
retrospectively generated spectral image series can be 

helpful for material characterization or lesion detection.
In conventional CT, non-calcified atherosclerotic plaques 

are hardly identified on non-contrast-enhanced (NCE) 
CT images due to the broad CT attenuation value range 
[3–152 Hounsfield units (HU)] and poor contrast with blood  
(17–84 HU) (14,15). To the best of our knowledge, only a few 
studies have detected non-calcified plaques on conventional 
NCECT images (16,17), and no other study has focused 
on NCE DECT images. However, the findings of studies 
assessing DLCT have indicated that Zeff map images could 
improve the detection of occult lesions or isodense stones, 
indicating its superiority over conventional CT (18-20).

The purpose of this study was to investigate the 
clinical feasibility of using Zeff map images derived from 
NCE scans obtained by DLCT to detect non-calcified 
atherosclerotic plaques. 

We present the following article in accordance with 
the Materials Design Analysis Reporting (MDAR) 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-21-643/rc).

Methods 

This retrospective study was approved by the local Ethics 
Committee of Nanjing Drum Tower Hospital, The 
Affiliated Hospital of Nanjing University Medical School 
(project ID: 2021-026-02), and written informed consent 
was waived. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013).

Study population

From June 2019 to August 2019, 285 consecutive patients 
with suspected thoracic or abdominal diseases underwent 
CE and NCECT scans, and were retrospectively evaluated 

7.32 vs. 7.31, P=0.71); however, the CNR of Zeff was significantly higher than the CT attenuation value (1.69 
vs. 1.12; P<0.05) derived from the NCECT scans. Inter-reviewer agreement was good (ICC =0.78).
Conclusions: Zeff map images derived from NCECT SBI with DLCT provide a potentially feasible 
approach for identifying non-calcified atherosclerotic plaques, which might be clinically useful for the 
screening of asymptomatic at-risk patients.
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in this study. The exclusion criteria were as follows: (I) 
age <18 years, (II) no non-calcified plaque confirmed by 
CECT, (III) imaging data incomplete for analysis, and (IV) 
substantial image artifacts. Finally, a total of 37 patients 
with 86 non-calcified atherosclerotic plaques were assessed.

Data acquisition

Both NCE- and CE-CT scans were performed on a 
128-slice DLCT scanner (IQon; Philips Healthcare, Best, 
The Netherlands) with the following parameters: tube 
voltage, 120 kVp; tube current lower and upper limit, 40 
and 250 mAs, respectively; collimation, 64×0.625 mm; 
pitch, 0.9; rotation time, 0.5 s; reconstruction field of view, 
500 mm; reconstruction matrix, 512×512; dose modulation, 
enabled, DoseRight Index =21, (3D-DOM; Philips 
Healthcare). Spectral-based-images (SBI) and conventional 
images (CI) were then reconstructed and saved to the 
dedicated workstation (Intellispace 9; Philips Healthcare). 
Zeff images were created from SBI retrospectively for both 
the CE and NCE scans, using the spectral CT viewer from 
the dedicated workstation.

Plaque analysis

Plaque analysis  was performed independently by  
2 radiologists with more than 5 years of experience in 
radiology. In case of disagreement, a third senior radiologist 
with more than 17 years of experience in radiology was 
invited to make the final decision. The 2 radiologists were 
blinded to the detailed information of images and were 
asked independently to review the CE conventional (CEcov), 
CE Zeff (CEZeff), NCE conventional (NCEcov), and NCE 
Zeff (NCEZeff) images. The radiologists were allowed to 
change the window setting manually to enhance the visual 
detection of plaque. To reduce recollection bias, only 1 
image series was provided at a time, with 2 weeks allowed 
for the review.

A region of interest (ROI) was placed on the plaque or 
blood vessel using the slice with the largest plaque diameter 
to measure CT attenuation, Zeff values, and ROI areas. 
For CEcov, CT attenuation values of the plaque and blood, 
plaque (Areaplaque), and vessel (Areavessel) ROI areas were 
recorded; the plaque proportion was calculated as Areaplaque/
Areavessel. For CEZeff, Zeff values of the plaque and blood, 
the plaque, and vessel ROI areas were recorded; plaque 
proportion was also calculated. For NCEcov, CT attenuation 
values and standard deviations (SD) for the plaque and 

blood were recorded. For NCEZeff, Zeff values and SD 
for the plaque and blood were recorded. The contrast-to-
noise ratio (CNR) of the Zeff or CT attenuation value was 
calculated using the following equation:

blood

Plaque - BloodCNR =
SD

 [1]

The total number of plaques detected using NCEcov and 
NCEZeff were recorded, respectively. The plaque detection 
rate using the NCECT scan was defined as:

 
100%NCE

CE

NDetection Rate =
N

×
 

[2]

where NNCE is the total number of plaques detected on 
NCEcov or NCEZeff images and NCE is the total number of 
plaques detected on CE images.

Statistical analysis 

Statistical analysis was performed using the statistical R 
software v 3.5.3 (www.r-project.org/) and MedCalc v. 19 
(MedCalc Software Ltd., Ostend, Belgium). Quantitative 
data were presented as mean±SD. The Shapiro-Wilk test 
was performed to assess normality of distribution. For 
2-group comparisons, an independent or paired t-test was 
performed for normally distributed data; and the Mann-
Whitney or Wilcoxon signed-rank test was performed 
for non-normally distributed data, as appropriate. For 
3+ groups paired comparisons, a repeated analysis of 
variance (ANOVA) or Friedman test was performed, as 
appropriate. Plaque and vessel ROI areas were compared 
using the Bland-Altman plot to test the agreement between 
CE conventional images and Zeff images. Inter-reviewer 
agreement was evaluated by the intraclass correlation 
coefficient (ICC). The ICC values were interpreted as 
proposed by Koo and Li (21): below 0.50, poor; between 
0.50 and 0.75, moderate; between 0.75 and 0.90, good; 
above 0.90, excellent. A P value <0.05 was considered 
statistically significant.

Results

A total of 37 patients (25 men and 12 women) were enrolled 
in this study. The cases were 69.4±8.4 years old, ranging 
from 50 to 82 years. A total of 86 atherosclerotic plaques 
confirmed by CE images were included in this study; they 
were distributed in the thoracic arteries (31/86 plaques, 
36.0%), abdominal arteries (42/86, 48.8%), and carotid 

http://www.r-project.org/


2283Quantitative Imaging in Medicine and Surgery, Vol 12, No 4 April 2022

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(4):2280-2287 | https://dx.doi.org/10.21037/qims-21-643

arteries (13/86, 15.1%). The demographic features of the 
patients and the distribution of the atherosclerotic plaques 
are summarized in Table 1.

The mean vessel ROI area derived from CEcov had no 
significant difference compared with that obtained from 
CEZeff (502.19±378.68 vs. 498.14±371.54 mm2; P=0.28). 
The Bland-Altman plot (Figure 1A) showed a bias of 
4.05 mm2 [95% confidence interval (CI): −1.53 to 9.63; 
upper limit of agreement (ULOA), 55.06; lower limit 
of agreement (LLOA), −46.96]. The agreement of both 
methods was excellent (ICC =0.99). The mean plaque ROI 
area obtained from CEcov was larger than that derived from 
CEZeff (81.45±35.55 vs. 75.46±38.90 mm2; P<0.05). The 
Bland-Altman plot (Figure 1B) showed a bias of 5.99 mm2 
(95% CI: 3.45 to 8.33; ULOA, 29.17; LLOA, −17.19); the 
agreement of both methods was excellent (ICC =0.94). The 
plaque proportion on CEcov images was larger than that of 
the CEZeff data (21% vs. 19%; P<0.05). 

The detection rate of non-calcif ied plaques on 

NCEcov was 8.1% (7/86), while on NCEZeff images it was 
54.7% (47/86). All 7 plaques detected by NCEcov were 
also detected by NCEZeff. For the 7 plaques detected 
both by NCEcov and NCEZeff, the CT attenuation and 
Zeff values of blood were both larger than those values 
of the plaques on NCE images (42.00±5.23 vs. 25.67 
±14.80 HU; 7.33±0.08 vs. 7.19±0.11 HU; both P<0.05). 
There were no significant differences in the vessel ROI 
areas measured by CEcov, CEZeff, and NCEZeff, which were 
all larger than that measured by NCEcov (449.55±173.78, 
435.62±157.94, 445.80±164.76 vs. 328.10±101.87 mm2). 
There was no significant difference between the ROI 
areas of plaque measured by CEcov and CEZeff, which were 
both larger than that measured by NCEcov and NCEZeff 
(77.76±23.41 mm2, 62.80±14.71 mm2 vs. 18.39±13.04 mm2, 
48.73±20.28 mm2; all P<0.05); the ROI area measured by 
NCEcov was smaller than that measured by NCEZeff (P<0.05). 
For the 47 plaques detected by NCEZeff, the CT attenuation 
and Zeff values of blood and plaques on the NCE images 
showed no significant differences (42.53±28.57 vs. 
35.14±26.25 HU; P=0.18; 7.32±0.23 vs. 7.31±0.10; P=0.71). 
The CNR of Zeff was significantly higher than that of CT 
attenuation on the NCE images (1.69 vs. 1.12; P<0.01). The 
ROI area of vessel measured by NCEZeff was larger than 
that measured by CEZeff (507.16±250.53 vs. 489.52±241.27 
mm2; P<0.05). The ROI area of plaque measured by the 
CEcov was larger than that measured by CEZeff and NCEZeff 
(84.68±37.62 vs. 79.76±39.82 and 45.62±25.23 mm2; both 
P<0.05), and the ROI area measured by CEZeff was larger 
than that measured by NCEZeff (P<0.05). More detailed 
results of plaque and vessel ROI areas are listed in Table 2. 
The Zeff value and ROI area (detected by Zeff mapping) 
of the plaques detected from both NCEcov and NCEZeff 
showed no significant difference to those detected only by 
NCEZeff (7.19±0.12 vs. 7.32±0.23; P=0.10; 48.73±20.28 vs. 

Table 1 Demographic data and distribution of atherosclerotic 
plaques

Variable Total

No. of patients 37

Age (years)* 69.4 (50, 82)

Men/women 25 (67.6%)/12 (32.4%)

No. of plaques** 86

Thoracic artery 31

Abdominal artery 42

Carotid artery 11

*, data are mean and range; **, plaque distribution.
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Figure 1 Bland-Altman plots showing agreement for area measurements between conventional and Zeff map images. (A) Plaque. (B) Vessel.
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45.08±26.18; P=0.73). There was no significant difference 
between the Zeff value of plaques detected by both NCEZeff 
and NCEcov and those detected only by NCEZeff (7.19±0.12 
vs. 7.34±0.24; P=0.10). There was no significant difference 
between the Zeff value of plaques detected by both NCEZeff 
and NCEcov and those detected only by NCEZeff (7.19±0.12 
vs. 7.34±0.24; P=0.10). The Zeff value of plaques detected 
by both NCEZeff and NCEcov showed no significant 
difference to the value of those detected only by NCEZeff 
(7.19±0.12 vs. 7.34±0.24; P=0.10). Inter-reviewer agreement 
was good (ICC =0.78).

Discussion

This study revealed that non-calcified atherosclerotic 
plaques could be detected on NCECT scans by reviewing 
Zeff map images generated from DLCT data. Compared 
with conventional CT, on NCECT scans, Zeff was more 
sensitive for non-calcified plaque detection (detection rate 
of 8.1% vs. 54.7%).

Atherosclerosis is a systemic disease that leads to raised 
plaques within the vessel walls of arteries, such as the aorta, 
coronary artery, and carotid artery. Knowledge of a patient’s 
atherosclerotic load is potentially clinically important. 
Atherosclerotic disease in the thoracic aorta has been linked 
to an increased risk of thromboembolic events, mortality, 
and stroke (22). Pathologically, atherosclerosis is a chronic 
inflammatory disease characterized by intimal thickening 
and plaque formation in the arteries (1). It is believed that a 
soft plaque forms first and is then calcified much later (23). 
Thus, detection of non-calcified plaques is challenging using 
NCECT scans, and a CECT scan is usually recommended 

for plaque-burden assessment. Therefore, it is important to 
identify the non-calcified plaques using NCECT imaging 
to avoid further CECT scans or other follow-up tests. A 
previous study (17) of conventional images indicated that 
noncalcified plaques could be visually detected by calcium 
scoring assays. The 2 observers identified 21 and 17 cases 
from 116 patients, respectively, with 38 and 35 suspected 
lesions, respectively. Some 33 of 38 (86.8%; observer 1) 
and 31 of 35 (88.6%; observer 2) lesions were confirmed by 
coronary CT angiography. Unlike the method in the above 
report, in this study, both reviewers were asked to identify 
non-calcified plaques on NCECT images in 37 patients 
with 86 lesions confirmed by CECT scans. Finally, 47 of the 
86 (54.7%) lesions were identified using Zeff map images 
and 7 plaques (8.1%) were identified using conventional 
images derived from NCECT scans.

Although the Zeff value could be calculated by employing 
2 different X-ray tube voltages in the early days of CT (24), 
it has clinical potential for lesion detection and material 
decomposition, since the DECT approach has become 
commercially available in recent years (20,25,26). Unlike 
the tube-based DECT method, DLCT is a detector-based 
DECT solution, which does not require upfront decision-
making or additional radiation doses. The excellent 
concordance between Zeff map and conventional CT image 
measurements of the mean vessel ROI area in this study 
showed that the Zeff can be another reliable quantitative 
indicator in CT imaging (Figure 2). A phantom study by 
Hua et al. (11) using DLCT showed median Zeff deviation 
ranging from 2.3% to 1.7% for soft tissue and bone inserts, 
which was more accurate than rapid-kVp-switching DECT 
(with an accuracy of 15%) (27) or dual-source DECT (with 

Table 2 Plaque and vessel areas comparison among different image series

Plaques detected by NCEcov & NCEZeff Plaques detected by NCEZeff

Plaque Vessel Plaque Vessel

CEcov 77.76 (23.41)b,c 449.55 (173.78)b 84.68 (37.62)a,c 494.61 (240.96)

CEZeff 62.8 (14.71)d,e 435.62 (157.94)d 79.76 (39.82)a,e 489.52 (241.27)e

NCEcov 18.39 (13.04)b,d,f 328.10 (101.87)b,d,f – –

NCEZeff 48.73 (20.28)c,e,f 445.80 (164.76) f 45.62 (25.23)c,e 507.16 (250.53)e

F value 20.25 5.85 75.26 3.52

P value <0.01 <0.01 <0.01 0.03

Friedman test, a P value of less than 0.05 was considered statistically significant. CE, contrast enhanced images; NCE, non-contrast 
enhanced images that could detect the plaques. Have significant difference after multiple comparisons: a: CEcov vs. CEZeff; b: CEcov vs. 
NCEcov; c: CEcov vs. NCEZeff; d: CEZeff vs. NCEcov; e: CEZeff vs. NCEZeff; f: NCEcov vs. NCEZeff.



2285Quantitative Imaging in Medicine and Surgery, Vol 12, No 4 April 2022

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(4):2280-2287 | https://dx.doi.org/10.21037/qims-21-643

an accuracy of 6.2%) (28). Moreover, this detector-based 
DECT solution also enabled noise suppression between 
the 2 layers, resulting in a higher CNR of the Zeff (1.69) 
in comparison with conventional CT attenuation (1.12) in 
this study. Thus, Zeff map images obtained from DLCT 
are sensitive for lesion detection, providing feasibility for 
their use in the identification of non-calcified plaques using 
NCECT scans. 

This study had some limitations. Firstly, it did not 
evaluate the overall sensitivity and specificity of Zeff map 
images derived from NCECT scans for the identification 
of non-calcified plaques. Larger, population-based studies 
are warranted to assess atherosclerotic plaque burden 
using NCE spectral images. Secondly, because there is no 
available database of Zeff values for soft tissue and non-
calcified plaques, image window width and center for 
Zeff mapping were not standardized, which might have 
introduced some measurement errors. Thirdly, fibrous and 
lipid rich plaques were not determined in this study.

In conclusion, this study showed that non-calcified 
atherosclerotic plaques could be identified on Zeff map 
images derived from NCECT scans using DLCT. This 
finding shall be useful for the screening of asymptomatic at-
risk patients.
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