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Background: Due to the low contrast between the vascular lumen and vessel wall, conventional computed
tomography (CT) is not an effective method for visualizing the vessel wall. The purpose of this study was to
assess the feasibility of vessel wall visualization using contrast-enhanced dual-energy CT (DECT)-derived
water-calcium material decomposition (WMD) and subtraction-based dark-blood imaging (DBI). An
additional objective of this study was to determine the association of descending aorta wall thickness (WT)
and wall area (WA) with cardiovascular disease (CVD) risk factors and to ascertain the potential of DECT-
derived WT and WA as image markers for identifying individuals at high risk for future CVD.

Methods: In this cross-sectional study, virtual noncontrast (VINC), subtraction-based DBI, and WMD
images of 106 patients were generated from the arterial-phase DECT data files. To assess the vessel wall
visualization, the contrast-to-noise ratios (CNRs) of the descending aorta between the vessel wall and lumen

or periaortic fat (CNRs or CNRs,,, .,) were calculated and compared in VNC, subtraction-based DBI,

wall-lumen
and WMD images. Subsequently, two radiologists independently assessed the vessel wall visualization of
these three kinds of images using a four-point scale. To evaluate the association between WT or WA and
CVD risk factors, descending aortic WT and WA were measured in the subtraction-based DBI and WMD
images, while interobserver agreement was assessed through intraclass correlation coefficients (ICCs). The
relationship between the WT or WA and CVD risk factors was determined using univariate and multiple
regression analyses.

Results: Both WMD and subtraction-based DBI images demonstrated superior CNRS, 1 men and

£ 0.59+0.47, 4.36+2.14, and 4.8123.28,
respectively; qualitative scores: 1.04+0.71, 2.53+0.50, and 2.92+0.27, respectively; for virtual non-contrast,

qualitative scores as compared to VNC images (CNRs

wall-lumen

subtraction-based DBI and WMD images respectively, all P values <0.05), which indicated better image
qualities for vessel wall imaging. The mean descending aorta W'T values were 2.18+0.27 and 2.17+0.27 mm
for observer 1 and 2.14x0.27 and 2.15+0.26 mm for observer 2 in the subtraction-based DBI and WMD
images, respectively. Age and smoking status were predictors for both WT and WA, while males had higher
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WA values than did females. Blood pressure was only significant for WA measured in subtraction-based DBIL.

Conclusions: Both subtraction-based DBI and WMD images in DECT can be used to effectively visualize

vessel walls and measure WT and WA, with both measurements demonstrating a positive correlation with

CVD risk factors of age and smoking.

Keywords: Water-calcium material decomposition (WMD); subtraction-based dark-blood imaging (DBI); wall

thickness (WT); wall area (WA)
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Introduction

Cardiovascular disease (CVD) is the primary cause of
global morbidity and mortality, resulting in approximately
19.8 million deaths in 2022 (1). Interventions and
treatments in the early stages of CVD hold the potential
to reduce the incidence of adverse cardiovascular events.
However, the early stages of CVD manifest as vessel wall
thickening and plaque formation in vessel wall images, with
no overt clinical symptoms. Studies have indicated that the
wall thickness (WT) of large arteries correlates with the
burden of atherosclerosis and serves as a predictive marker
for cardiovascular events (2,3).

Several noninvasive vessel wall-imaging techniques are
available for WT evaluation, including ultrasound (US) (4),
magnetic resonance imaging (MRI) (5), and computed
tomography (CT) (6,7). Prior studies have focused on using
US to assess vessel WT in the extracranial carotid arteries
and detecting aneurysms in the aortic root. However,
US image quality can be affected by patient size and the
competency of the operator. Magnetic resonance (MR) is
the preferred noninvasive modality for vessel wall assessment
and diagnosis (8,9). High-resolution black-blood MRI
enables the evaluation of thoracic aortic wall area (WA) and
plaque characteristics, which act as independent predictive
factors for CVD (10). However, MRI scanning is often
time-consuming and contraindicated in patients with metal
implants or claustrophobia. CT plays a crucial role in
diagnosing vessel stenosis. Aorta diameters measured in CT
images correlate with CVD risk factors, as demonstrated in
the Framingham Heart Study offspring cohort (n=3,431) (11).
However, vessel wall evaluation based on CT remains
challenging due to the low contrast between the vessel wall
and the peripheral structures, which is particularly evident
in contrast-enhanced CT images.

Recently, several commercial vendors have introduced
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dark-blood CT methods for vessel wall imaging. Canon’s
dark-blood CT images, based on the subtraction between
registered delayed and arterial phase images, have been
investigated in the context of carotid artery (12) and
Takayasu arteritis (13). The clinical potential of Philips’
dark-blood CT images has been demonstrated in terms of
aortic intramural hematoma (14) and vascular involvement
in pancreatic cancer (15). Furthermore, GE HealthCare’s
subtraction-based dark-blood imaging (DBI) is a technique
based on contrast-enhanced dual-energy CT (DECT)
images, generated by subtracting the virtual noncontrast
(VNC) image from a 70-keV virtual monochromatic
image (VMI) with suitable weights. However, the related
investigations on GE HealthCare’s subtraction-based
DBI are scarce. Interestingly, in our clinical practice, the
water-calcium material decomposition (WMD) images in
DECT have also exhibited excellent capability in vessel wall
visualization.

The measurement of arterial WT in various vascular
territories is of considerable interest, as it has the potential
to correlate with cardiovascular risk and predict future
cardiovascular events. Numerous investigations have
examined the relationship between vessel WT and CVD
risk factors using MR vessel wall imaging to explore its
potential in diagnosing early-stage CVD (6,10,16); however,
previous CT imaging studies have primarily focused on
vessel diameter (11,17,18). Therefore, in this study, we first
aimed to assess the feasibility of vessel wall visualization
based on GE HealthCare’s subtraction-based DBI and
WMD images. Subsequently, we evaluated the association
of DECT-derived WT and WA with CVD risk factors
to clarify the potential of DECT-derived WT and WA as
image markers for identifying high-risk individuals for CVD
within a CVD-free population. We present this article in
accordance with the STROBE reporting checklist (available
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at https://qims.amegroups.com/article/view/10.21037/
qims-24-1371/rc).

Methods
Study population

This single-center retrospective study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013) and was approved by the Ethics Committee of
Guangdong Provincial Hospital of Chinese Medicine (No.
7E2023-422-01). The requirement for individual consent
was waived due to the retrospective nature of the analysis.
From February to October 2023, a total of 106 clinical
CVD-free patients admitted to Guangdong Provincial
Hospital of Chinese Medicine were enrolled. These
patients underwent arterial-phase DECT acquisition of the
chest/chest-abdomen for clinical diagnosis. Patients (I) with
severe atherosclerosis including mural thrombus, aortic
dissection aneurysm, and intra-aortic hematoma or (II)
those with a stent were excluded.

Image acquisition and reconstruction

All examinations were performed on a DECT scanner
(Revolution Apex; GE HealthCare, Chicago, IL, USA)
using the gemstone spectral imaging (GSI) mode under the
following scanning parameters: rapid kilovolt (kV) switching
between 80 and 140 kVp; tube current, 405 mA; helical
pitch, 0.992:1; rotation time, 0.8 seconds; reconstruction
method, 50% adaptive statistical iterative reconstruction
V (ASIR-V) with standard reconstruction kernel; display
field-of-view (DFOV), 50 c¢m; and reconstruction matrix,
512x512. For contrast enhancement, an iodinated contrast
agent (370 mgl/mL Optiray, 1 mL/kg body weight; Bayer,
Leverkusen, Germany) was injected into an antecubital vein
at an injection rate of 4 mL/s and was followed by a saline
flush at the same rate. CT acquisitions of the arterial phase
were initiated 6 seconds after a trigger threshold of 150
Hounsfield units (HU) (Smart Prep, GE HealthCare) was
reached in the tracheal bifurcation level of the descending
aorta; moreover, those in portal venous phases were
initiated 20-25 seconds after the end of the arterial phase.
Upon completion of the scanning, the VNC image
was reconstructed simultaneously and transferred to the
Advantage Workstation (AW) 4.7 (GE HealthCare). In the
GSI Volume Viewer in AW 4.7, the WMD and 70-keV
VMI acquired during the arterial phase were obtained using
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the DECT datafiles. Subtraction-based DBI was generated
by subtracting the VNC image from the 70-keV VMI
(Figure 1) according to the following formula:

Subtraction-based DBI = p x VNC—(I—p)x VMI 0 rer [1]

where the parameter p represents the weight of the
subtraction between these two image sets. In accordance
with practical findings, the vessel wall display was optimal
in the subtraction-based DBI when p ranged from 0.7 to 0.8.

Image quality assessment and WT and WA measurement

In the quantitative analysis, the descending aorta at
the diaphragm level was selected for WT and WA
measurements. On the magnified axial WMD image (DFOV
10.6 cm x 7.6 cm), the wall of the descending aorta was
partitioned into four equiangular quadrants, and four small
regions of interest (ROIs) were manually placed within
these quadrants to cover as much of the WA as possible,
with any heterogeneity in the wall being avoided. On the
same image slice, the lumen and periaortic ROIs were
manually placed in the corresponding region. Furthermore,
these ROIs were automatically copied and placed onto the
VNC and subtraction-based DBI in the exactly the same
position. The mean and standard deviation of the HU
values in each ROI were then recorded. To quantify the
feasibility of WMD and subtraction-based DBI for vascular
wall imaging, the contrast-to-noise ratios (CNRs) of the
descending aorta between the vessel wall and lumen or

periaortic fat (CNRSWG,,,,WB”//M) were calculated using the
following formula and compared:

—mean HU

lumen| periaortic fat

wall -lumen/ fat 1
\E (SD HU?,, +SD HU,

B |mean HU

wall

CNR

(2]

lumen| periaortic fat )

where mean HU,,,, and SD HU,,, and mean HU,,,....craoriic ju
and represent the average and standard deviation of HU
values in the ROIs of the wall and lumen/periaortic fat,
respectively. All measurements related to CNR were
performed by a radiologist with 13 years of experience in
radiology. In the evaluation of the qualitative image quality
of vessel wall imaging across these three types of images,
two radiologists (observers 1 and 2 with 13 and 7 years
of experience in radiology, respectively) independently
reviewed and evaluated the image quality. The following
four-point Likert scale, based on the conspicuity of the
inner and outer vessel wall and the smoothness of inner
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Figure 1 Study workflow. CVD, cardiovascular disease; DECT, dual-energy computed tomography; WMD), water-calcium material
decomposition; VNC, virtual noncontrast; VMI, virtual monochromatic image; DBI, dark-blood imaging; W'T, wall thickness; WA, wall

area; regress, regression; CNR, contrast-to-noise ratio; CT, computed tomography.
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Table 1 Basic patient characteristics

Characteristics Value (n=106)

Age (years) 59+13
Men 56 (52.8)
Body mass index (kg/m?) 22.42+3.25
Hyperlipidemia 16 (15.1)
Hypertension 28 (26.4)
Diabetes 18 (17.0)
Smoke 26 (24.5)

Data are presented as mean + standard deviation or n (%).

vessel wall edge, was used by the radiologists: 3= very
distinct vessel wall and smooth inner edge, 2= marginally
distinct vessel wall and smooth inner edge, 1= unclear vessel
wall and coarse inner edge, and 0= completely indistinct
vessel wall.

On the identical axial image slice and DFOV used for
CNR measurements in WMD and subtraction-based
DBI, the WT was manually measured in four directions
perpendicular to the center of vessel lumen at 12, 3, 6, and
9 o’clock. The average of the four WT values was recorded
as the WT of the descending aorta. The cross-sectional
descending WA was calculated according to the following
formula:

L . 2 I . 2
WA:,,X(WHMJ "”(Mj 5]

2 2

Given the interobserver variability, two radiologists
(observers 1 and 2) independently measured the descending
aorta WT and lumen diameter.

Collection of CVD risk factor data

CVD risk factor data, including age, gender, smoking status,
hypertension, dyslipidemia, and diabetes were collected from
the picture archiving and communication system (PACS).
Patients with a systolic blood pressure of >140 mmHg and/or
a diastolic blood pressure of >900 mmHg were diagnosed with
hypertension. Dyslipidemia was defined as a total cholesterol
level of >5.2 mmol/L, a triglyceride level of >1.7 mmol/L, a
low-density lipoprotein cholesterol level of >3.4 mmol/L, or
a high-density lipoprotein cholesterol level of <1.0 mmol/L
as measured by fasting venous serum test indices. Diabetes
was defined as a fasting glycated hemoglobin A1C (HbAlc)
level of >6.5%.
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Statistical analysis

All statistical analyses were performed using SPSS 22
(IBM Corp., Armonk, NY, USA). The quantitative image
parameters CNR, WT; and WA are presented as the mean
and standard deviation and were compared using the
analysis of variance (ANOVA) test (for CNR) or z-test (for
WT and WA). For qualitative data, the subjective scores of
WMD and subtraction-based DBI were compared using the
Mann-Whitney test. The interobserver agreement for WT
was assessed via intraclass correlation coefficients (ICCs).
Moreover, the association of WT and WA with CVD risk
factors was analyzed by univariate and multiple regression
analyses. Linear regression was employed to analyze the
correlation between age and the descending aortic WT and
WA. The Cohen kappa test was performed to evaluate the
interobserver agreement according to the following scheme:
poor, k<0.40; moderate, k=0.41-0.60; good, k=0.61-0.80;
and excellent, k=0.81-1.00. P<0.05 was considered
statistically significant.

Results
Patients

Of the 106 patients enrolled in our study, there were 56 men
and 50 women, with an average age of 59+13 years. The mean
body mass index (BMI) was 22.42+3.25 kg/m’. The high-
risk individuals for CVD included 16 cases of hyperlipidemia,
28 cases of hypertension, 18 cases of diabetes, and 26 cases
of smoking. The baseline characteristics of the patients are
summarized in Tible 1.

Image quality evaluation of vessel wall imaging

As indicated in Table 2 and Figure 2, the values of CNR, ;e
of the descending aorta were 0.59:0.47, 4.36+2.14,
and 4.81+3.28 on VNC, subtraction-based DBI, and
WMD images, respectively (P<0.001); meanwhile, the
corresponding values for CNR ., were 4.86x1.86,
3.10£1.77, and 3.72£2.45, respectively (P<0.001). For
the qualitative evaluation, the image quality scores for
observers 1 and 2 were 0.91+0.68 and 1.17+0.73, 2.59+0.49
and 2.47+0.50, and 2.99+0.10 and 2.86+0.35 on VNC,
subtraction-based DBI, and WMD images, respectively.
Figure 3 shows the stacked bar graph depicting qualitative
scores from the two observers across various vessel wall
visualizations. The interobserver agreement for WMD
images was good (k=0.627), and it was moderate for each
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Table 2 Quantitative and qualitative comparisons of CNR, W'T, and WA in subtraction-based DBI, WMD), and VNC

Characteristics Subtraction-based DBI WMD VNC P Reference

CNR (wall-fat) 3.41+£1.90 4.20+2.67 4.65+1.76 <0.001

CNR (wall-lumen) 4.19+1.49 4.62+3.61 0.65+0.5 <0.001

WT (observer 1, mm) 2.18+0.27 2.17+0.27 0.731 2.11+0.06 (F)*; 2.32+0.06 (M)*
WT (observer 2, mm) 2.14+0.27 2.15+0.26 0.867 2.35+0.5**

WA (observer 1, cm?) 1.55+0.04 1.54+0.03 0.572 1.3+0.3"

WA (observer 2, cm?) 1.70+0.05 1.71+0.04 0.984 1.5+0.4°

Score (observer 1) 2.59+0.49 2.99+0.10 0.91+0.68

Score (observer 2) 2.47+0.50 2.86+0.35 1.17+0.73

Data are presented as mean + standard deviation. *, represents the average thoracic aorta WT in 196 CVD-free patients on fast spin-echo
double-inversion recovery MRI in Li et al. (16); **, represents the mean thoracic descending aorta WT using MRI in Malayeri et al. (3). ¥ and
® represent the WA in the no-CVD group and the incident CVD group on MRI, respectively, in Neisius et al. (10). CNR, contrast-to-noise
ratio; WT, wall thickness; WA, wall area; DBI, dark-blood imaging; WMD, water-calcium material decomposition; VNC, virtual noncontrast; F,
females; M, males; CVD, cardiovascular disease; MRI, magnetic resonance imaging.

[ \Vall-fat
[ Wall-lumen

CNR
N
o

1

VNC

Subtraction-based DBI  WMD

Figure 2 CNRs between the vessel wall and lumen or fat on VNC,
subtraction-based DBI and WMD. CNR, contrast-to-noise-ratio;
VNG, virtual noncontrast; DBI, dark-blood imaging; WMD,

water-calcium material decomposition.

of subtraction-based DBI (k=0.477) and VNC images
(=0.56). Figure 4 shows the representative images of VNC,
subtraction-based DBI, and WMD images.

Association of WT and WA with different CVD risk factors

In general, the mean W'T values were 2.18+0.27 and
2.17£0.27 mm for observer 1 and 2.14+0.27 and 2.15=
0.26 mm for observer 2 on subtraction-based DBI and WMD
images, respectively. For the interobserver agreement, the
ICCs for WT and WA were 0.70 and 0.90 on subtraction-
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Figure 3 Stacked bar graph of the qualitative scores for different
vessel wall imaging modes (left: observer 1; right: observer 2).
VNG, virtual noncontrast; CT, computed tomography; WMD,

water-calcium material decomposition.

based DBI and WMD, respectively. Figure 5A,5B shows the
results of the Bland-Altman analysis for WT. In terms of
WA, the measurements were 1.54+0.03 and 1.55+0.04 cm’
for observer 1 and 1.71x0.04 and 1.700.05 cm’ for observer
2 on WMD images and subtraction-based DBI, respectively.
However, the interobserver ICC was 0.99 for both WMD and
subtraction-based DBI. Figure 5C,5D shows the Bland-Altman
of WA differences for WMD and subtraction-based DBL
Table 3 presents the WT and WA values of patients
with different clinical scenarios in median (interquartile

range). For W, patients diagnosed with diabetes had a
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Figure 4 Typical images of VNC, subtraction-based DBI, and WMD. (A) VNC. (B) Subtraction-based DBI. (C) WMD. VNC, virtual
noncontrast; DBI, subtraction-based dark-blood imaging; WMD), water-calcium material decomposition.
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Figure 5 Results of Bland-Altman analyses. (A) WT in subtraction-based DBIL. (B) WT in WMD. (C) WA in subtraction-based DBI. (D)
WA in WMD. WT, wall thickness; DBI, dark-blood imaging; WMD), water-calcium material decomposition; WA, wall area.

thicker vessel WT of 2.25 (2.08, 2.50) mm as compared based DBI and of 2.28 (2.10, 2.46) mm in WMD images
to nondiabetic patients [2.13 (1.96, 2.28) mm; P=0.047] as compared to nonsmoking patients [subtraction-based
in WMD images. Additionally, smokers demonstrated a DBI: 2.12 (1.95, 2.25) mm, P=0.005; WMD images: 2.09
thicker vessel WT of 2.27 (2.10, 2.47) mm in subtraction- (1.94, 2.25) mm, P=0.001]. In terms of other CVD risk
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Table 3 WT and WA comparison between different patient characteristics

Characteristics

Subtraction-based DBI

WMD

Values P Values P
WT (mm)
With hypertension 2.17 (2.04, 2.32) 0.39 2.15(2.02, 2.36) 0.33
Without hypertension 2.15(1.96, 2.28) 2.14 (1.98, 2.28)
With diabetes 2.23 (2.07, 2.46) 0.082 2.25 (2.08, 2.50) 0.047
Without diabetes 2.14 (1.96, 2.28) 2.13(1.96, 2.28)
With hyperlipidemia 2.06 (1.94, 2.20) 0.18 2.03 (1.94, 2.18) 0.11
Without hyperlipidemia 2.17 (2.00, 2.31) 2.15(2.00, 2.30)
Smoking 2.27 (2.10, 2.47) 0.005 2.28 (2.10, 2.46) 0.001
Nonsmoking 2.12 (1.95, 2.25) 2.09 (1.94, 2.25)
Male 2.20 (2.00, 2.34) 0.126 2.22 (2.00, 2.35) 0.08
Female 2.13(1.95, 2.22) 2.10 (1.95, 2.20)
WA (mm?)
With hypertension 173.14 (143.59, 197.19) 0.002 169.34 (143.98, 200.85) 0.002
Without hypertension 144.59 (124.75, 167.37) 145.02 (122.03, 166.53)
With diabetes 152.17 (141.73, 198.95) 0.21 154.73 (135.14, 192.94) 0.17
Without diabetes 152.40 (128.40, 175.28) 147.12 (122.40, 177.44)
With hyperlipidemia 142.37 (127.62, 162.04) 0.2 139.59 (124.9, 162.04) 0.12
Without hyperlipidemia 153.49 (129.75, 177.43) 154.15 (128.65, 177.93)
Smoking 178.88 (162.60, 205.09) <0.001 181.56 (162.73, 199.99) <0.001
Nonsmoking 143.44 (126.26, 163.13) 144.37 (121.87, 159.78)
Male 168.03 (143.12, 194.10) <0.001 162.14 (144.37, 198.31) <0.001
Female 140.61 (117.68, 161.37) 136.50 (116.28, 155.76)

Data are presented as median (interquartile range). WT, wall thickness; WA, wall area; DBI, dark-blood imaging; WMD, water-calcium

material decomposition.

factors, there was no significant difference in the univariate
analysis. For WA, patients with hypertension [subtraction-
based DBI: 173.14 (143.59, 197.19) mm’; WMD images:
169.34 (143.98, 200.85) mm’] had a larger WA as compared
to nonhypertensive patients [subtraction-based DBI: 144.59
(124.75, 167.37) mm’, P=0.002; WMD images: 145.02
(122.03, 166.53) mm’, P=0.002]. Furthermore, the WA
of smoking patients, whether in subtraction-based DBI
[178.88 (162.60, 205.09) mm’] or WMD images [181.56
(162.73, 199.99) mm’], were significantly greater than those
of nonsmoking patients [subtraction-based DBI: 143.44
(126.26, 163.13) mm’, P<0.001; WMD images: 144.37
(121.87, 159.78) mm’, P<0.001]. In addition, men without

© AME Publishing Company.

CVD [subtraction-based DBI: 168.03 (143.12, 194.10) mm’;
WMD images: 162.14 (144.37, 198.31) mm’] had a larger
WA than did women [subtraction-based DBI: 140.61
(117.68, 161.37) mm’, P<0.001; WMD images: 136.50
(116.28, 155.76) mm’, P<0.001]. As shown in Figure 64,
the regression analysis between age and average vascular
WT was calculated as follows: WT = 0.013 x age + 1.388;
this yielded an R® of 0.46 for WDM. Meanwhile, for the
subtraction-based DBI, the equation was as follows: WT'
= 0.012 x age + 1.43; this yielded an R* of 0.41. In the
regression analysis between age and WA (Figure 6B), the
linear regression functions (WMD: WA = 1.914 x age +
39.20; subtraction-based DBI: WA = 1.875 x age + 42.97)
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Figure 6 Results of linear regression. (A) Linear regressions between age and WT in subtraction-based DBI and WMD. (B) Linear

regression between WA in subtraction-based DBI and WMD. DBI, dark-blood imaging; WMD, water-calcium material decomposition;

regress, regression; W'T, wall thickness; WA, wall area.

Table 4 Multiple regression analysis of WT and WA with CVD risk factors in both WDM and subtraction-based DBI

WMD Subtraction-based DBI
Predictor Standa.r(‘jized Standard error P R® Stande.m.:iized Standard error P R®
coefficient coefficient
WT 0.487 0.448
Age (years) 0.641 0.001 <0.001 0.596 0.001 <0.001
Male -0.098 0.044 0.252 -0.085 0.046 0.335
Smoking 0.285 0.051 0.001 0.268 0.053 0.003
Hypertension 0.046 0.001 0.52 0.114 0.001 0.129
Diabetes -0.08 0.019 0.264 -0.145 0.02 0.053
WA 0.644 0.616
Age (years) 0.615 0.165 <0.001 0.591 0.173 <0.001
Male 0.165 5.076 0.022 0.155 5.311 0.037
Smoking 0.262 5.82 <0.001 0.265 6.089 <0.001
Hypertension 0.105 0.117 0.081 0.148 0.122 0.019
Diabetes 0.022 2.169 0.708 -0.017 2.27 0.778

WT, wall thickness; WA, wall area; CVD, cardiovascular disease; WMD, water-calcium material decomposition; DBI, dark-blood imaging.

yielded R’ values for WMB and subtraction-based DBI of
0.53 and 0.50, respectively. All equations demonstrated that
both vessel WT and WA values were positively correlated
with age.

The multiple regression analysis is presented in Table 4,
and the standardized coefficients show that WT values
were positively related with age (WMD: 0.641; subtraction-
based DBI: 0.595; all P values <0.001) and smoking (WMD:

© AME Publishing Company.

0.285, P=0.001; subtraction-based DBI: 0.268, P=0.003].
The R’ values for the models in WMD and subtraction-
based DBI were 0.487 and 0.448, respectively. A larger WA
in WMD images was also associated with age (standardized
coefficient: 0.615; P<0.001), male gender (standardized
coefficient: 0.165; P=0.022), and smoking (standardized
coefficient: 0.262; P<0.001), with the R’ value in this model
being 0.644. In addition to these factors, higher blood
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pressure (standardized coefficient: 0.148; P=0.019) was also
associated with a larger arterial WA on subtraction-based
DBI (R’=0.616).

Discussion

To the best of our knowledge, this study is the first to
demonstrate the feasibility of vessel wall visualization
and measurement based on DECT-derived images,
including WMD and GE HealthCare’s subtraction-
based DBI. Notably, discussion in this area has primarily
revolved around MRI-derived WT or WA. In addition, we
investigated the association between DECT-derived W'T/
WA and CVD risk factors and examined the potential of
WT and WA as image markers for identifying individuals at
high risk of CVD.

In terms of the feasibility of vessel wall imaging with
either WMD or subtraction-based DBI, both quantitative
and qualitative evaluations were performed to assess vessel
wall visualization. In this study, the values of CNR, ... for
VNC were significantly lower than those for WMD and
subtraction-based DBI. Meanwhile, the WMD images had
the highest CMR, ;... Values among these three imaging
types. Meanwhile, for CNR,,,, , the VNC had substantially
higher values as compared to WMD and subtraction-based

DBI, with the values of CNR,,_,, of subtraction-based DBI
being lower than those in WMD images. A previous study
reported similar results for both CNR and CNR,, S
in Philip’s DBI (14). The qualitative analysis in our study
further corroborated these quantitative findings, revealing
that WMD provided the best visualization, followed by
subtraction-based DBI and VNC. In addition, the enhanced
vessel wall visualization in WMD can be attributed to the

wall -lumen

similarity of spectral curves between calcium and substances
present within the vessel. Thus, the water (and calcium)
based image appears as if the intravascular material has been
virtually removed.

The WT values were 2.17+0.27 and 2.15+0.26 mm
for WMD and were 2.18+0.27 and 2.14+0.27 mm for
subtraction-based DBI for observers 1 and 2, respectively.
Li e al. assessed the thoracic aorta WT in 196 CVD-free
patients using fast spin-echo double-inversion recovery
MRI, reporting an average WT for the descending aorta of
2.11£0.06 mm for females and 2.32+0.06 mm for males (16).
Similarly, Malayeri et a/. reported the mean WT of 2.35+
0.5 mm in the thoracic descending aorta of 1,053 CVD-
free participants using MRI (3). These results aligned well
with our findings. Conversely, another study reported a

© AME Publishing Company.

WT of approximately 1.6 mm, including results from some
MR (19,20) and the other dark-blood CT images (14).
Variability in imaging and WT measurement methods
likely contribute to these discrepancies. The WA values
in our study were 1.540.03 and 1.71£0.04 cm’ in WMD
and 1.71x0.04/1.70+0.05 cm’ in subtraction-based DBI for
observers 1 and 2, respectively, which were slightly higher
than the values of 1.3+0.3 cm’ in the no-CVD group and
1.520.4 cm’ in the incident CVD group reported by Neisius
et al. (10). Increasing the sample size in our study may
help reduce these discrepancies. It is worth noting that the
experienced observer 1 demonstrated WA results closer to
those reported by Neisius ez al. (10).

In the analysis of the correlation of WT and WA with
the CVD risk factors, age and smoking emerged as the
primary factors contributing to increased WT or WA
in this study. Multiple regression analysis revealed that
both age and smoking were positively associated with the
mean WT and WA values (P<0.05) in both WMD and
subtraction-based DBI. The relationship between age
and W'T is consistent with findings from previous studies,
which have reported age to be a significant predictor of
thicker WT and an earlier stage of CVD (3,21,22). The
variation in WT with age might be explained by the
increase in medial thickness, collagenous materials, and
calcium deposition, as demonstrated in pathological studies
(23,24). Regarding the association between WT and
smoking status, prior studies have reported significantly
higher WT values in smokers than in nonsmokers (3,18).
In our study, smoking was also identified as a predictor of
thicker WT or larger WA.

We additionally found that WA was larger in males than
in females in both WMD and subtraction-based DBI. WA
accounts for both WT and inner diameter, potentially
offering greater robustness against measurement variability.
The observed relationship between gender and WA in our
study aligns with the previous findings indicating a greater
WT among men (3,19). In line with this, there is a higher
incidence of coronary death rates reported among men
across all age groups, as well as a significant correlation
between atherosclerosis and acute cardiovascular events (25).
However, no statistically significant differences were
observed in W'T between males and females in either the
univariate analysis or multiple regression analysis, which
is inconsistent with the findings of other studies. A larger
sample size may elucidate any correlations masked by
measurement uncertainties.

Furthermore, patients with hypertension had larger WA
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than did those without hypertension in both WMD and
subtraction-based CT images, while hypertension was the
predictor of WA only in subtraction-based DBI. As with the
gender comparisons, no statistically significant differences
in WT were observed between the different blood pressure
conditions in either univariate and multiple regression
analyses. Previous studies with extensive sample sizes have
indicated hypertension to be a predictor of WT (3,26,27),
aligning with the observations related to WA in subtraction-
based DBI in this study. Hypertension is considered to be
a major CVD risk factor that can contribute to vascular
remodeling and impaired vascular function (28). Previous
research suggests that increased blood pressure elevates
vascular wall tension, thereby exacerbating vascular
remodeling (29).

Our study involved several limitations which should
be addressed. First, only 106 patients were enrolled,
whereas previous investigations on the correlation between
WT and CVD factors typically involved hundreds to
thousands of participants, particularly in multiethnic
studies. Our study represents an initial exploration of WT
and WA measurement based on DECT-derived WMD or
subtraction-based DBI. The correlation of WT and WA
with CVD risk factors was investigated to demonstrate
the feasibility of using these two DECT-based vessel
wall imaging features. Moreover, the limited sample size
might have contributed to discrepancies between some
of our findings and those in the literature. Therefore, a
larger sample size is necessary in future research. Another
limitation is the omission of BMI in the correlation analysis.
Notably, only three participants had a BMI >28 kg/m” in
this study. Therefore, the BMI factor was not included in
the analysis. Finally, due to practical limitations, we lacked
reference values for the WT and WA in this patient cohort,
such as those obtained from MR vessel wall imaging. To
mitigate this limitation, we compared the WT and WA in
our study with those of previous research (3,10,16).

Conclusions

We demonstrated the feasibility of DECT-based WMD
and subtraction-based DBI for vessel wall imaging using
comparisons to VNC. In the patients without CVD,
WT, or WA values measured based on these two DECT-
derived imaging modes were correlated with age, gender,
smoking status, and hypertension. These findings suggest
that WT or WA values as measured in DECT-derived
WMD and subtraction-based DBI may be valuable for

© AME Publishing Company.

identifying individuals at high risk for CVD within CVD-
free populations, a task traditionally completed with MRI.
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