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ARTICLE INFO ABSTRACT

Background: 1t has been shown that CT attenuation of noncalcified plaques depends on luminal contrast at-
tenuation (LCA). Although tube potential (kilovolt [kV]) has been shown to exert influence on plaque at-
tenuation through LCA as well as its direct effects, in-vivo studies have not investigated plaque attenuation at
lower tube potentials less than 120 kV. We sought to evaluate the effect of kV and LCA on thresholds for lipid-
rich and fibrous plaques as defined by intravascular ultrasound (IVUS).

Methods: CT attenuation of IVUS-defined plaque components (lipid-rich, fibrous, and calcified plaques) were
quantified in 52 consecutive patients with unstable angina, who had coronary CT angiography performed at
100kV (n = 25) or 120 kV (n = 27) using kV-adjusted contrast protocol prior to IVUS. CT attenuation of plaque
components was compared between the two groups.

Results: LCA was similar in the 100-kV and 120-kV groups (417.6 *= 83.7 Hounsfield Units [HU] vs
421.3 * 54.9 HU, p = 0.77). LCA correlated with CT attenuation of lipid-rich (r = 0.49, p = 0.001) and fibrous
plaques (r = 0.32, p < 0.05), but not with that of calcified plaques (r = 0.04, p = 0.81). When plaque at-
tenuation was normalized to LCA, lipid-rich (0.087 = 0.036, range —0.012-0.147) and fibrous plaque at-
tenuation (0.234 + 0.056, range 0.153-0.394) were distinct (p < 0.001) with no overlap for both kV groups.
CT attenuation was not significantly different between 100-kV and 120-kV groups for lipid-rich (34.0 = 21.5vs
39.3 = 12.9, p = 0.33) or fibrous plaques (95.4 = 19.1 vs 97.6 = 22.0, p = 0.75).

Conclusion: Plaque attenuation thresholds for non-calcified plaque components should be adjusted based on
LCA. Further adjustment may not be required for different tube potentials.
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1. Introduction

Plaque rupture is a key event leading to acute coronary syn-
dromes.' Autopsy studies and intravascular ultrasound (IVUS) have
shown that plaque rupture occurs most often in plaque containing lipid-
rich necrotic core.”4-7 Coronary computed tomography (CT) angio-
graphy (CTA) can differentiate among lipid-rich, noncalcified, and
calcified plaque components and can be used to identify high-risk
plaque features.*8-11

On CTA, a high-risk plaque with a lipid-rich necrotic core is
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identified by its low attenuation.%8-11 The generally accepted
threshold of < 30 Hounsfield Units (HU) for low attenuation plaque
(LAP) was derived from CTA performed at a peak tube potential of
135kV (kV).'®'? Subsequent CTA studies of high-risk plaque have used
this threshold for defining LAP regardless of the tube potential used
during image acquisition. The burden of noncalcified plaque (NCP) on
CTA, including the fibrous plaque defined by IVUS, has been associated
with increased cardiac events.'® Plaque attenuation thresholds of
30-150 HU have been used to define NCP,'>'* and these have been
correlated with IVUS."°

1934-5925/ © 2019 Society of Cardiovascular Computed Tomography. Published by Elsevier Inc. All rights reserved.
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Abbreviations

CTA coronary computed tomography angiography
CT computed tomography

HU Hounsfield Units

IvVUus intravascular ultrasound

kv kilovolt

LAP low attenuation plaque

LCA luminal contrast attenuation

NCP noncalcified plaque

Lowering tube potential is a potent strategy to reduce radiation
dose.'® Since the degree of contrast enhancement is increased by lower
tube potentials,'® lower kV settings are also employed as an approach to
reduce the amount of contrast media.'” Several studies reported that
plaque attenuation from CTA depends on luminal contrast opacifica-
tion.’®2° Therefore, lower kV settings can affect plaque attenuation
through luminal contrast opacification.

Thus far, to our knowledge, in-vivo studies have not investigated
plaque attenuation for LAP and NCP at lower tube potentials less than
120 kV. We sought to evaluate the effect of different tube potentials
(100 and 120 kV) and luminal contrast attenuation on CT attenuation of
plaque components (lipid-rich, fibrous, and calcified plaques) as de-
fined by IVUS as the reference standard.

2. Methods
2.1. Patients

This retrospective study included consecutive patients with unstable
angina who underwent a clinically indicated CTA followed by IVUS
within a period of 1weekat Kusatsu Heart Center (Kusatsu, Shiga,
Japan) from November 2009 to December 2012. The study protocol
was approved by the local ethics committee, and written informed
consent was obtained from all patients for the use of their data for re-
search. Patients underwent CTA for anginal symptoms without eleva-
tion of troponin. Unstable angina was defined as one of the following:
1) prolonged (> 20 min) symptom at rest; 2) new onset angina with
Canadian Cardiovascular Society class = 2; 3) recent destabilization of
previously stable angina with Canadian Cardiovascular Society
Class = 3.>"** Patients with coronary artery bypass surgery, poor
image quality on CTA or IVUS, stented lesions or predilatation before
IVUS examination were excluded.

2.2. Image acquisition

2.2.1. IVUS

All IVUS examinations were performed prior to percutaneous cor-
onary intervention in a standard fashion with commercially available
40-MHz imaging catheters (Boston Scientific Corporation, Minneapolis,
MN, USA or Terumo Co., Tokyo, Japan) as described previously.>* The
imaging catheter was advanced beyond the distal portion of the target
lesion for percutaneous coronary intervention, and automated pullback
was performed at a rate of 0.5 mm/s.

2.2.2. CTA

CTA images were acquired with a 64-detector scanner (Lightspeed
VCT, GE Healthcare, Milwaukee, Wisconsin, USA). All patients received
nitroglycerin for coronary vasodilation, and those with a heart rate over
60 beats per minute were given beta-blockers unless a contraindication
was present. An intravenous bolus of iopamidol (Iopamiron 370,
Schering) was continuously injected at the same rate for 10-12s, de-
pending on the scan length, followed by a 20:80 admixture of contrast
agent (25ml). The injection rate of contrast agent was adjusted
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Table 1
Contrast injection protocols.

Body weight (kg) Injection rate (ml/sec)

100kV 120kV
<40 2.3 2.7
40-45 2.5 3.0
45-50 2.7 3.3
50-55 3.0 3.6
55-60 3.3 3.9
60-65 3.6 4.2
65-70 N/A 4.5
70-75 N/A 4.8
75-80 N/A 5.0
80-85 N/A 5.3
=85 N/A 5.6

kV = kilovolt; N/A = not applicable.

according to body weight and tube potential (Table 1).'7:24-26

Retrospectively ECG-gated helical scan was performed with ECG-
based tube current modulation. Patients with body mass index <25kg/
m? and body weight <65kg were scanned with the 100 kV protocol
(100-kV group, n = 25), and the others were scanned with the 120 kV
protocol (120-kV group, n = 27). The scan parameters were collimation
of 64 X 0.625-mm, rotation time of 350 msec, and tube current of
500-780 mAs. Transaxial images were reconstructed with a half-scan
and filtered backprojection reconstruction algorithm at the cardiac
phase exhibiting minimal cardiac motion. Image reconstruction para-
meters comprised the individually adapted field of view, matrix size of
512 x 512 pixels, section thickness of 0.625mm, and a medium-soft
tissue convolution kernel.

2.3. Data analysis

2.3.1. IVUS analysis

IVUS images were analyzed using dedicated software (echoPlaque,
INDEC Medical Systems, Santa Clara, California, USA) by consensus
between two experienced observers, who were blinded to the result of
CTA. Lipid-rich, fibrous, and calcified plaques were identified using the
following criteria as reported previously.>?® Lipid-rich plaques in-
cluded hypoechoic plaques with ultrasonic attenuation and absence of
bright calcium. Fibrous plaques were defined as atheroma with echo-
genicity similar to the adventitia without attenuation, echolucency, or
acoustic shadowing. Calcified plaques were defined as hyperechoic
plaques with acoustic shadowing. The arcs of attenuation and acoustic
shadowing were measured in degrees with a protractor centered on the
lumen.

2.3.2. Quantitative CTA analysis

CTA images were analyzed by experienced observers using dedi-
cated software (AutoPlaque 2.0, Cedars-Sinai Medical Center, Los
Angeles, California, USA).?”” Curved multiplanar reconstruction and
cross-sectional images were used to compare [VUS images. We selected
representative cross-sectional IVUS images where each plaque compo-
nent (lipid-rich, fibrous, or calcified plaque) was most significant and
homogeneous. For lipid-rich and fibrous plaques, cross-sectional slices
with calcification were excluded from the analysis. CT images were
matched to IVUS by anatomical landmarks, including the distance from
the aorto-coronary ostium, side branches, or calcifications. Multiple
regions of interest (3-5 depending on the size of plaque) were placed
within the corresponding plaque component to quantify HU. The size of
region-of-interest was 0.2 X 0.2 mm. Luminal contrast attenuation for
each plaque was defined as the mean HU of proximal and distal luminal
reference points.” In 10 lipid-rich, fibrous, and calcified plaques, the
mean HU values were measured in two cross-sectional images <1 mm
apart from each other in the same lesion.
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2.4. Statistical analysis

Statistical analysis was performed with SPSS Statistics 24 (IBM
Corporation, Armonk, New York, USA). Data were expressed as
means *+ standard deviations for quantitative variables and as fre-
quencies with percentages for categorical variables. Between-group
comparisons were made with the unpaired-samples t-test or Mann-
Whitney U test for quantitative variables and with the 5 test or Fisher's
exact test for categorical variables, where appropriate. The receiver-
operating characteristic analysis was used to determine the optimal
cutoff HU values for discriminating between lipid-rich and fibrous
plaques. Correlations between HU values of each plaque component
and luminal contrast attenuation were assessed with Pearson's corre-
lation coefficient. Intraobserver and interobserver variability for the HU
values of plaques were examined in randomly selected 20 patients using
Bland-Altman analysis and intraclass correlation coefficient. A p-
value < 0.05 was considered a statistically significant difference.

3. Results
3.1. Clinical characteristics and image quality

Clinical characteristics and image quality are listed in Tables 2 and
3, respectively. Intra-arterial contrast opacification was not sig-
nificantly different between the two kV groups. Sufficient intra-arterial
opacification (> 250 HU in the proximal coronary artery)'® was
achieved in all the patients (mean: 431.2 *= 67.0; range: 255.7-613.0).

3.2. IVUS findings

A total of 124 cross-sections consisting of 41 lipid-rich plaques (18
and 23 in the 100-kV and the 120-kV groups, respectively), 39 fibrous
plaques (18 and 21 in the 100-kV and the 120-kV groups, respectively),
and 44 calcified plaques (20 and 24 in the 100-kV and the 120-kV
groups, respectively) were analyzed. There were no significant differ-
ences in arcs of ultrasonic attenuation and calcification on the corre-
sponding IVUS images between the 100-kV and 120-kV groups (arc of
attenuation: 119.6 = 32.3° and 115.3 = 43.5°, p = 0.55; arc of cal-
cification; 113.3 + 41.7° and 105.8 = 42.3°, p = 0.56). Fig. 1 shows
representative images of each plaque component.

3.3. Influence of luminal contrast enhancement on plaque attenuation

Fig. 2 displays scatter plots of plaque HU and luminal contrast at-
tenuation. Luminal contrast attenuation correlated with HU of lipid-
rich (r = 0.49, p = 0.001) and fibrous plaques (r = 0.32, p < 0.05),
but not with that of calcified plaques (r = 0.04, p = 0.81). Although the
mean HU was significantly lower in lipid-rich plaques than in fibrous
plaques in both kV groups (p < 0.001), there was an overlap in the
distribution of HU values between lipid-rich (mean 37.0 = 17.2, 95%
confidence interval [CI] 31.6-42.4, range —4.5-74.6) and fibrous
plaques (mean 96.6 * 20.5, 95% CI 89.9-103.2, range 61.9-149.7)
(Figs. 3A and 4A). On the receiver-operating characteristic curve ana-
lysis, the optimal cutoff value for discriminating between lipid-rich and
fibrous plaques was 58 HU. When plaque attenuation was normalized
to luminal contrast attenuation (plaque/lumen HU ratio), lipid-rich and
fibrous plaque attenuation were distinct (p < 0.001) with no overlap
(lipid-rich: mean 0.087 = 0.036, 95% CI 0.075-0.098, range
—0.012-0.147; fibrous: mean 0.234 = 0.056, 95% CI 0.216-0.252,
range 0.153-0.394) (Fig. 3B).

3.4. HU at different kV settings
The mean HU values of IVUS-defined plaque components at the two

different kV settings are summarized in Fig. 4. The mean HU values in
the 100-kV vs 120-kV groups were similar for lipid-rich (34.0 = 21.5
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vs 39.3 + 12.9, p =0.33) and fibrous plaques (95.4 = 19.1 vs
97.6 + 22.0, p = 0.75). The mean HU of calcified plaque was in-
creased at 100kV vs 120kV (1006.7 = 217.2 vs 791.4 = 213.7,
p < 0.01).

3.5. Reproducibility

The intraclass correlation coefficients for intraobserver and inter-
observer variability of mean HU value were: lipid-rich, 0.963 and
0.912; fibrous, 0.870 and 0.863; calcified, 0.981 and 0.990, respec-
tively (p < 0.001 for all). By Bland-Altman analysis, the average dif-
ferences in HU value (with the limits of agreement) for intraobserver
and interobserver measurements were: lipid-rich, 0.6 ( = 9.2) and 1.6
( * 14.4); fibrous, 3.4 ( = 18.1) and —3.3 ( = 23.7); calcified, —18.0
(£ 93.4) and 13.3 ( = 70.1), respectively.

3.6. Mean HU of plaque components in adjacent cross-sections

Between adjacent cross-sections, there were no significant differ-
ences in HU value of IVUS-defined lipid-rich (32.4 = 14.3 vs
31.5 £ 11.5, p =0.80), fibrous (94.2 = 18.2 vs 97.0 £ 27.5,
p = 0.68), and calcified plaques (1090.6 + 152.8 vs 1116.0 + 165.0,
p = 0.56). By Bland-Altman analysis, the mean differences in HU value
were 1.0, —2.8, and —25.4, and the limits of agreement were =
22.4, = 41.3, and * 262.5 for lipid-rich, fibrous, and calcified plaques,
respectively.

4. Discussion

In this study, evaluating HU of lipid-rich, fibrous and calcified
plaques at two different tube potentials, we have demonstrated the
following findings: 1) Attenuation of noncalcified plaques is sig-
nificantly related to that for luminal contrast attenuation; 2) There are
overlaps in the raw distribution of lipid-rich and fibrous plaque at-
tenuation; however, when plaque attenuation is normalized to that of
lumen, such overlaps do not persist, allowing identification of these
NCP components; 3) No significant differences in HU values for lipid-
rich and fibrous plaques are observed between 100kV and 120kV
under the condition of similar luminal contrast attenuation.

Plaque features observed on CTA have been associated with in-
creased risk of cardiac events, including the presence and volume of
LAP and NCP.12-14*® IVUS, which can differentiate high-risk plaque
components, has been used as the gold standard in studies that have
examined the effect of lipid-lowering treatment on plaque composition
and plaque burden.?’ Previous studies have demonstrated a strong
correlation between these high-risk plaque features characterized by
IVUS and CTA.*8-11

Table 2
Clinical characteristics and scan conditions.
100kV 120kV p value
(n = 25) (n =27)
Clinical characteristics
Age, yrs 69 = 11 63 £ 11 0.11
Male, n (%) 17 (68) 25 (93) < 0.05
Weight, kg 52.9 = 10.0  66.8 = 8.0 < 0.001
Body mass index, kg/m? 20.9 = 2.5 25.0 = 1.7 < 0.001
Mean heart rate, beats/min 56 + 6 55 + 4 0.33
Hypertension, n (%) 16 (64) 21 (78) 0.27
Diabetes mellitus, n (%) 7 (28) 10 (37) 0.49
Dyslipidemia, n (%) 13 (52) 13 (48) 0.78
Current smoking, n (%) 5 (20) 5(19) 0.89
Target vessel (LAD/LCX/RCA), n 14/2/9 17/4/6 0.48

LAD: left anterior descending coronary artery; LCX = left circumflex coronary
artery; LM = left main; RCA, right coronary artery.
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Table 3
Quantitative parameters from coronary CT angiography.
100kV 120kVv p value
Intra-arterial opacification
Aorta, HU 454.5 = 76.6 431.8 = 52.6 0.22
Proximal coronary artery, HU 433.3 * 76.0 429.3 + 58.9 0.83
Lumen across plaque
Lipid-rich plaque, HU 413.7 = 72.0 4275 + 58.4 0.54
Fibrous plaque, HU 413.5 + 85.5 426.3 + 56.4 0.58
Calcified plaque, HU 424.6 = 94.9 411.0 = 50.9 0.57
All, HU 417.6 = 83.7 421.3 = 54.9 0.77
HU = Hounsfield unit; kV = kilovolt.
IVUS CTA HU
31.0
29.9
Lipid-rich 30.5
49.6
41.7
116.2
105.7
Fibrous 112.6
121.6
151.1
1014.8
. 1040.1
Calcified
1038.5
975.6

Fig. 1. Examples of IVUS-defined plaque components with corresponding

cross-sectional CTA images.

CTA = coronary computed tomography angiography; HU = Hounsfield unit;

IVUS = intravascular ultrasound.

NCP characterization based on absolute HU values is widely ac-
cepted in clinical practice as well as research studies.”®12-142% A
potential limitation of NCP characterization based on absolute HU va-
lues is that HU of NCP is dependent on luminal contrast opacifica-
tion."®° Qur results are consistent with previous reports, which show
that luminal contrast attenuation strongly influences the measured
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attenuation of LAP and NCP.'®2° In the present study, HU values of
lipid-rich and fibrous plaques were correlated with luminal contrast
attenuation. In vulnerable plaques, the lipid core which has the lowest
HU value among plaque components and is often separated from the
lumen by a thin fibrous cap.”* Due to partial volume effect, attenuation
of LAP may be strongly affected by luminal contrast attenuation. It,
therefore, becomes important to take luminal contrast attenuation into
account when evaluating plaque composition based on plaque at-
tenuation. We also argue that fixed HU threshold values for lipid-rich
and fibrous plaques cannot be applied when comparing plaque com-
position between different CTA studies unless luminal contrast at-
tenuation is similar between images. In fact, the mean attenuation of
lipid-rich plaque in the present study (mean 37.0 * 17.2; range
—4.5-74.6) was higher than what has been reported (mean
10.6 *+ 11.6; range -15-33) in landmark studies using 135 kV."'? This
discrepancy could be attributed to the difference in luminal contrast
attenuation between the previous study (mean 258; range 174-384)'°
and ours (mean 420; range 245-640). A higher threshold for LAP has
also been proposed by other investigators. In a study comparing ex-vivo
CTA performed at 120 kV with histologic plaque characterization, Han
et al. found 75 HU to be the reliable cut-off for LAP with high diagnostic
accuracy and agreement with lipid-rich plaque area on histology. It is
important to note that the attenuation of luminal contrast attenuation
in their study (mean 444; range 201-725) was similar to that for our
data.

Given the importance of luminal contrast attenuation on HU of NCP
and LAP, we sought to achieve a similar luminal contrast attenuation in
our CTA at both 100kV and 120 kV using the combined body weight
and kV-adjusted iodine injection protocol in a manner similar to Kok
et al.”> In a comparative study between 100-kV and 120-kV tube po-
tentials using the same contrast injection protocol, the HU of coronary
artery was 16% higher in the 100-kV setting despite a comparable body
size.® Kok et al. validated in a phantom study that similar luminal
contrast attenuation can be achieved at both 100 kV and 120 kV using a
12% lower iodine load and iodine delivery rate for 100 kV imaging
compared to image acquisition at 120kV.'” Using the individually
tailored contrast protocol, similar luminal contrast attenuation was
achieved at the different kV settings in the present study.

Since there are a number of patient-related and CT scanning-related
factors affecting contrast enhancement,'® variations in luminal contrast
attenuation cannot be fully controlled even with the use of body weight
and kV-adjusted contrast protocol. In line with prior reports, the dis-
tribution of mean HU value partially overlapped between lipid-rich and
fibrous plaques in the current study.’' Interestingly, when plaque HU
normalized to luminal contrast attenuation was applied, lipid-rich and
fibrous plaque components were discriminated clearly with no overlap.
The finding also supports the effect of luminal contrast attenuation on

Lipid-rich Fibrous Calcified
80 r=049 160 r=0.32 1400 r=0.04
p = 0.001 . p<0.05 ° p=081 o g ©
| @ o 140 1200 ® %
60 % .- e o
) ° @?0 """" 2 120 2 1000+
o 40 0% oy o %
g =] =] (e}
= 0%% ° g 1007 g 8007 %’ o 0©
g 8 S
o 20 o o (o)
““““ o 80 600 @
- ° 00® ©
o ° o 601 400 °
-20 40 200
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Fig. 2. Correlation between attenuation values of plaque components and lumen.
Scatter plots demonstrate correlations between luminal contrast attenuation and plaque HU for each component defined by IVUS on CTA scanned with either 100 kV
or 120 kV protocol. Luminal contrast attenuation correlated with HU of non-calcified plaques, but not with that of calcified plaques.

Abbreviations as in Fig. 1.
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Plaque HU

Lipid-rich
370£172
45-746

Fibrous
96.6+205
61.9-149.7

Mean
Range
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Fig. 3. Distribution of absolute HU and plaque/lumen HU ratio for lipid-rich and fibrous plaques

(A) Absolute HU value
(B) Plaque/lumen HU ratio

The overlap between lipid-rich and fibrous plaques is not seen when absolute HU of plaque components is indexed for luminal contrast attenuation.

An abbreviation as in Fig. 1.

plaque attenuation of LAP and NCP. Plaque characterization based on
luminal contrast attenuation-adjusted plaque HU may, therefore, be a
plausible option to facilitate comparison in longitudinal studies or to
minimize discrepancies between studies due to different methodologies.

The Society of Cardiovascular Computed Tomography guideline
recommends low kV acquisitions to reduce radiation dose,'® and choice
of 100-kV over 120-kV tube potential is most commonly used for
CTA.>**° However, the thresholds for LAP and NCP have not been as-
sessed with different tube potentials and have been adopted in studies
irrespective of tube potential used during CTA. In the present in-vivo
study with contrast, we did not find significant differences in HU of
IVUS-defined lipid-rich and fibrous plaques between patients who un-
derwent CTA at 100kV and patients who underwent CTA at 120 kV,
with similar luminal contrast enhancement to each other. The highest

changes between low and high energies are in more dense tissues such
as iodinated contrast and calcium, due to a higher likelihood of pho-
toelectric interaction in dense tissue at lower x-ray energies; signals
from less dense tissues such as non-calcified plaque and adipose tissue
show less change.>* An ex-vivo study using human cadaver heart spe-
cimens at different tube potentials without contrast has also demon-
strated that lower tube potentials increased HU of calcified plaques,
whereas the differences in HU of histology-verified lipid-rich and fi-
brous plaques were minimal.*® Therefore, tube potential may have little
direct impact on plaque attenuation of NCP and LAP as long as luminal
contrast attenuation is similar.

- - 01
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160 1400
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Fig. 4. Comparison of HU values for IVUS-defined plaque components between the 100-kV and 120-kV settings.

(A) Noncalcified plaque
(B) Calcified plaque
kV = kilovolt; other abbreviation as in Fig. 1.
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4.1. Clinical implications

Measurement of the burden of LAP and NCP with sequential CTA is
increasingly being utilized for noninvasive assessment of the effects of
medical therapy. Since lower tube potentials in CTA are associated with
lower effective radiation dose, the 100-kV protocol is now being widely
adopted for clinical practice.®* Our results emphasize the need for an
individually tailored contrast protocol at different kV settings in order
to reduce the variability of luminal contrast attenuation. Our study is
also the first to show that there is no overlap between lipid-rich and
fibrous plaque attenuation when plaque attenuation is systematically
normalized to luminal contrast attenuation.

4.2. Study limitations

We acknowledge several limitations. First, this is a single center
retrospective study with a small number of patients who underwent
CTA at either 100 kV or 120 kV with an older but 64-slice CT scanner.
With newer scanners, images are reconstructed with varying types and
levels of iterative reconstruction, which affects plaque attenuation.
Therefore, in this study, we used CTA data reconstructed with filtered
back projection reconstruction for consistency. Further investigation on
differences in thresholds for plaque type is necessary with a larger co-
hort using the latest scanners and techniques, including different levels
of iterative reconstruction. Current CTA software enables volumetric
plaque volume measurement and plaque characterization. However,
due to the nature of gray-scale IVUS used as the reference standard in
this study, we were not able to quantify plaque composition on IVUS.
Importantly, most of the patients in our study have extensive echo at-
tenuation on IVUS due to their plaque composition. Extensive echo
attenuation precludes accurate plaque volume measurement by IVUS.
Therefore, this study focused on plaque HU, which is still widely ac-
cepted in clinical practice and research studies; plaque HU could be
measured in adjacent cross-sections in CTA in direct concordance with
IVUS. The same patients did not undergo CTA at different tube poten-
tials for ethical considerations of added radiation exposure. Lastly, we
did not use tube potentials lower than 100 kV due to technical limita-
tions of the scanner.

4.3. Conclusions

Plaque attenuation thresholds for non-calcified plaque components
should be adjusted based on luminal contrast attenuation. Further ad-
justment may not be required for different tube potentials.
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