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COMPUTED TOMOGRAPHY CORONARY

ANGIOGRAPHY POSSIBILITIES IN “HIGH RISK”

PLAQUE IDENTIFICATION IN PATIENTS

WITH NON-ST-ELEVATION ACUTE CORONARY SYNDROME:
COMPARISON WITH INTRAVASCULAR ULTRASOUND

To evaluate structural characteristics of atherosclerotic plaques (ASP) by coronary computed

This study included 37 patients with acute coronary syndrome (ACS). 64-detector-row CCTA,
coronarography, and grayscale IVUS were performed prior to coronary stenting. The ASP length and
burden, remodeling index (RI), and known CT signs of unstable ASP (presence of dot calcification,
positive remodeling of the artery in the ASP area, irregular plaque contour, presence of a peripheral
high-density ring and alow-density patch in the ASP). The ASP type and signs of rupture or thrombosis

The IVUS study revealed 45 unstable ASP (UASP), including 25 UASP with rupture and 20 thin-
cap fibroatheromas (TCFA), and 13 stable ASP (SASP). No significant differences were found
between distribution of TCFA and ASP with rupture among symptom-associated plaques (SAP,
n=28) and non-symptom-associated plaques (NSAP, n=30). They were found in 82.1 and 73.3% of
cases, respectively (p>0.05), which indicated generalization of the ASP destabilization process in the
coronary circulation. However, the incidence of mural thrombus was higher for SAP (53.5 and 16.6%
of ASP, respectively; p<0.001). There was no difference between UASP and SASP in the incidence of
qualitative ASP characteristics or in values of quantitative ASP characteristics, including known signs
of instability, except for the irregular contour, which was observed in 92.9% of UASP and 46.1% of
SASP (p=0.0007), and patches with X-ray density <46 HU, which were detected in 83.3% of UASP
and 46.1% of SASP (p=0.01). The presence of these CT criteria 11- and 7-fold increased the likelihood
of unstable ASP (odd ratio (OR), 11.1 at 95% confidence interval (CI), from 2.24 to 55.33 and OR, 7.0

According to IVUS data, two X-ray signs are most characteristic for UASP, the irregular contour and a
patch with X-ray density <46 HU. The presence of these signs 11- and 7-fold, respectively, increases the
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radually progressing stenosing coronary athero-
G sclerosis is a major factor in angina attacks in pa-
tients with chronic coronary heart disease (CHD).
A different mechanism of coronary attacks is observed
in patients with acute coronary syndrome (ACS),
usually acute mural coronary thrombosis resulting
from the rupture or erosion of the so-called vulnerable
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or unstable atherosclerotic plaque (ASP) or high-risk
ASD, leading to sudden coronary obstruction or even
occlusion [1-4]. For this reason, when examining
ACS much attention is paid to structural features
and properties of ASPs responsible for the coronary
attack and potentially unstable plaques throughout
the coronary bed. Of all the histological types of ASP,
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thin-cap fibroatheroma (TCFA) is the most prone to
rupture. It has a large lipid-necrotic nucleus and thin
(65 microns) cap [S].

There are currently various invasive and non-invasive
coronary artery imaging methods used to investigate
coronary ASPs [6]. Coronary computed tomography
angiography (CCTA) is the most widely used non-
invasive method due to its relative safety, the possibility
of a cross-sectional examination of the entire coronary
bed, good reproducibility, and relatively high accuracy
of assessing stenosis and ASP dimensions [7-11].

However, special attention is also paid to the
possibilities of CCTA in detecting high-risk ASPs.
CCTA resolution does not show the thin cap of a
TCFA, but optical coherence tomography (OCT)
does. Intravascular ultrasound examination (IVUS)
with spectral analysis confirms the presence of a thin
cap indirectly. Since the method of investigating an
ASP structure in CCTA is based on the differentiation
of vascular wall tissues with different radiographic
densities from the density of a contrast agent in the
vascular lumen, one of the areas of examining vulnerable
plaques is to quantify the density of the structural
components of different types of plaques, including
TCFA, found mostly by IVUS [12-16]. Plaques with a
large lipid nucleus were expected to differ significantly
from calcified and fibrous plaques in density.

Several trials also showed that some CT signs of
ASPs are associated with a high risk of developing
ACS. These signs include positive remodeling, low
radiographic density of a plaque (<30 HU), a ring of
high attenuation around the plaque, and the presence of
microcalcification (less than 3 mm) in the soft tissue of
the plaque [17-24]. Contour irregularity, another sign
of unstable ASPs, is described in the Russian literature
[25]. Therefore, one of the research areas of vulnerable
ASP was to evaluate the above-mentioned CT signs or
their combinations as surrogate markers of such plaques
verified by IVUS or OCT [13, 26-33]. However, the
results of these studies are controversial, including
the definition, and which CT signs of instability and
their combinations are the most accurate markers of
vulnerable plaques and whether they are or not.

Objective

To assess structural characteristics of ASPs using
CCTA and IVUS and the capabilities of CCTA to iden-
tify high-risk ASPs verified by IVUS.

Material and methods
Overaperiod of two years of prospective recruitment
and after exclusion for the reasons described below, 37

ISSN 0022-9040. Kardiologiia. 2020;60(12). DOI: 10.18087/cardio.2020.12.n1304

patients diagnosed with ACS at hospitalization we-
re included in the study. Inclusion criteria were: an
angina attack lasting more than 20 minutes or clinical
manifestations of unstable angina (UA), newly onset,
progressing, or early post-infarct angina. Patients who
had undergone coronary artery or mammaro-corona-
ry bypass grafting, with severe renal impairment
(glomerular filtration rate <45 mL/min/1.73 m?),
history of allergic reactions to radiographic medication,
persistent atrial fibrillation, severe complications
of the underlying disease (cardiogenic shock, acute
heart failure Killip III-IV functional class), and severe
concomitant diseases were excluded from the study.
Patients with intact coronary arteries or stenosis less
than 25%, massive calcification (coronary artery
calcium >600 HU) on CCTA, low image quality, non-
coronary cause of chest pain were also excluded. Thus,
37 patients aged 34-72 years were included in the
final analysis of the ASP condition. Non-ST-segment
elevation myocardial infarction (MI) was diagnosed
in 13 patients, and UA was diagnosed in 24 patients.
The clinical characteristics of patients who underwent
CCTA, coronary angiogram (CAG), and IVUS are
shown in Table 1.

Clinical examination included laboratory tests
(including cardiac-specific troponin and creatine
kinase-MB), electrocardiogram (ECG), Holter monito-
ring, echocardiography.

CT was performed on a 64-slice CT scanner Aquil-
lion 64 with
ionic iodinated contrast agent following the standard

intravenous administration of non-

protocol. Topogram was performed to assess the area
of interest, native and arterial phases. The types and
parameters of ASPs were assessed: length, outline,
burden (plaque area as a percentage of the narrowest
cross-section area of the artery), remodeling index (RI)
calculated as:

RI=D1/D2,

where D1 is the outer diameter of the coronary
artery at the plaque level, D2 is the outer diameter of
the reference segment (the nearest proximal, if absent,
distal intact segment).

Positive remodeling at the plaque level was regarded
as RI >1,0S. All the previously described CT signs of
plaque instability were assessed. The analysis excluded
coronary segments with low image quality and outer
diameter less than 1.5-2 mm.

For all patients undergoing diagnostic CAG (radial
approach, Allura Xper FD 10), IVUS of coronary
arteries was also performed by means of an iLab
IVUS Console scanner using an Atlantis 40 MHz
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intravascular ultrasound transducer and iMap spectral
analysis following the standard protocols. The sensor’s
length covered the area of interest in the proximal and
middle coronary sections with a length of 110 mm.
IVUS was not performed in arteries with more than
90% stenosis due to the risk of complications. The
types of ASPs were defined visually during IVUS in
grayscale and automatically using software — a spectral
analysis function (automatic color-coding of plaque
components) [34]. Patients signed informed consent
before performing studies.

The comprehensive clinical investigation identified
symptom-related plaques (SRPs) and symptom-free
plaques (SFPs) visible on IVUS. In the CCTA, CAG,
and IVUS analysis. Only one plaque was considered
as SRP in all cases, which was detected in the artery
supplying the site of myocardial infarction or ischemia,
established by means of ECG, echocardiography (local
contractility impairment), and invasive CAG. If several
ASDPs are detected in the artery, the plaque responsible
for the most significant stenosis of the vascular lumen
[35], especially if there are signs of mural thrombosis,
was considered SRP.

Statistical analysis was performed using Microsoft Excel
2013 and MedCalc v. 2.7. Medians and interquartile ranges
were calculated for quantitative parameters. Analysis
of correlation dependence of the ASP characteristics of
interest was performed using Spearman’s rank correlation
coefficient. The differences were statistically significant
at p<0.05. The frequency tables and 2x2 contingency
tables using Fisher’s exact test (bilateral distribution) to
assess the significance were used to compare qualitative
parameters. The binary classification of ASPs (stable — 0
and unstable — 1) was based on the ROC-analysis of the
X-ray density of ASPs determined during the CT and the
calculation of the so-called optimal (threshold) value
distinguishing stable and unstable ASPs. The gold standard
for ROC-analysis was the IVUS-based classification
of ASPs. Multi-factor analysis of the assessment of ASP
instability signs was performed using logistic regression.
Odds ratio (OR) was additionally determined, i.e., the
relative risk of ASP instability in the presence/absence of
CT signs of instability.

Results

Characteristic of atherosclerotic

plaques in patients with ACS according to CCTA
Analysis of structural characteristics of 60 visible

ASPs according to CCTA and IVUS was carried out

in 37 patients. The plaque assessment with CCTA was

performed before the processing of IVUS results.
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Table 1. General characteristic of patients
who underwent CTA, CAG, and IVUS (n=37)

Parameter Value
Male 29 (78.4)
Mean age, years 58 [44;65]
Alimentary obesity 9(24.3)
Body mass index, kg/m2 27 [24; 29]
Smoking 20 (54)
Burdened family history 11 (29.7)
Arterial hypertension 23 (62.2)
Diabetes mellitus 2(5.4)
History of MI 10 (27)
Elevated total cholesterol 15 (40.5)
Mean cholesterol level, mmol/L 4.89[4.17; 5.39]
Elevated triglyceride levels 8 (21.6)
Mean triglyceride levels, mmol/L 1.58 [0.94; 2.20]

) Acute MI 13 (35.2)
Coronary artery disease course

UA 24 (64.8)

The data is presented as an absolute number (%)
or the median [interquartile range]. CAG, coronary
angiography; IVUS, intravascular ultrasound study;
MI, myocardial infarction; UA, unstable angina.

According to the standard classification of ASP types
by CCTA, 32 (53%) soft, 25 (42%) combined, and 3
(5%) calcified ASPs were detected in 60 affected areas.
All calcified ASPs were excluded from subsequent
analysis of the CCTA results, since standard signs
of instability could not be identified. The structural
characteristics and signs of instability in soft and
combined ASPs are given in Figure 1. All ASPs were
divided into two groups: SRPs (n=28) and SFPs
(n=29). The comparison of SRPs and SFPs based on CT
data is shown in Table 2.

Characteristics of atherosclerotic
plaques in patients with ACS according to IVUS

The standard analysis of the same 60 affected
coronary segments using grayscale IVUS detec-
ted 25 ruptured ASPs, 33 ASPs without rupture, 1 spon-
taneous dissection, and 1 intramural hematoma. The
last two types of lesions were later excluded from the
analysis.

Mural thrombosis was observed on the surface of 20
(34.5%) of 58 ASPs.

IVUS with spectral analysis identified four types of
ASPs in accordance with the standard classification [34].
Examples are shown in Figure 2. TCFA contains a large
lipid necrotic nucleus, and fibrous tissue is not detected
in some areas between the ASP lumen and the lipid
necrotic component, which is a sign of a damaged cap.

A cComparison of grayscale IVUS data with the
spectral analysis function allowed 22 ruptured ASPs
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Figure 1. CCTA. Multiplanar reconstructions (A, B, C) and transverse slices
of coronary arteries at the ASP level (D, E, F, G): X-ray characteristics of ASPs

.52 mm

Remodeling
index=1.41

Plaque burden 65%

21 HU = minimum
density

A -length of an ASP; B - left: positive remodeling of the artery at ASP level; right: transverse sections of the artery at the reference

level (top) and maximum lumen narrowing (bottom); C - the burden of the plaque; D — a ring of attenuation around the ASP (yellow arrow);
E - pinpoint calcification — less than 0.3 cm (red arrows); F — hypodense site (minimum X-ray density in the area of interest);

G - the irregular contour of the ASP. CCTA, Coronary computed tomography angiography; ASP, atherosclerotic plaque.

detected by the greyscale IVUS to be determined as analysis of such plaque with both signs of rupture
incorrectly classified as TCFA by IVUS with spectral (A) and structural components typical of TCFA,
analysis, since plaque rupture is not visible by means of  particularly a large lipid necrotic nucleus (yellow-pink
color-coding. Figure 3 shows an example of the complex ~ component), which occupies more than 50% of the

Table 2. CCTA characteristics of soft and combined SRPs and SEPs

Parameter SRPs (n=28) SFPs (n=29) P
Length, mm 19 [15; 30] 16 [11;24] 0.144
Burden, % 78.7[58.7; 86.2] 66.2[55.0; 71.7] 0.029
Positive artery remodeling 14 (50) 12 (41.4) 0.599
Remodeling index 1.14 [1.00; 1.25] 1.10[1.00; 1.14] 0.167
Contour irregularity 27 (96) 20 (72) 0.025
Pinpoint calcification 11 (39) 11(38) 1.000
Ring attenuation 16 (28) 6(10) 0.007
Low X-ray density site in all plaques, HU 31[12;45] 31[22;53] 0.482

The data is presented as an absolute number (%) or the median [interquartile range].
CCTA, Coronary computed tomography angiography; SRP, symptom-related plaque; SEP, symptom-related plaques.
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Figure 2. Types of ASPs (color-coded IVUS: transverse slices at the ASP level)

A - fibrous plaque; B — thick-cap fibroatheroma; C - thin-capsule fibroatheroma; D - calcified fibroatheroma.
ASP, atherosclerotic plaque; IVUS, intravascular ultrasound study.

plaque (B). CAG showed no signs of rupture in the sa-
me ASP (B).

Thus, IVUS detected 22 ruptured TCFAs, 20 TCFAs,
12 thick-cap fibroatheromas (including 2 ruptured
ones), 2 fibrous plaques, and 2 calcified fibroatheromas
(including 1 ruptured one). No ASPs of any other ty-
pe, pathological intima thickening, were detected. The
mural thrombotic masses were determined in 14 rup-
tured TCFA, S TCFAs without rupture, 1 ruptured
thick-capsule fibroatheroma.

We also classified all detected ASPs by IVUS to
SRPs (n=28) and SFPs (n=30). The ruptured ASP were
more frequent among SRPs compared to SFPs: n=15
(53.5%) and n=10 (33.3%), and TCFA and thick-
cap fibroatheromas were more frequent among SFPs:
n=12 (40.0%) and n=8 (26.6%) compared to SRPs:
n=8 (28.5%) and n=2 (7.0%). However, there are no
significant differences in the rate of these ASP types
among SRPs and SFPs (p>0.05). It should be noted

Figure 3. Results of the complex analysis of a ruptured plaque

that thrombosis was statistically more frequent in SRPs
compared to SFPs: n=15 (53.5%) and n=$5 (16.6%;
p=0.005).

Estimation of the minimum X-ray
density as a CT marker of APS instability

During IVUS, 20 TCAFs and 25 ruptured ASPs
were classified as unstable ASPs, 88% of which were
also TCAFs before the rupture. The remaining 13 ASPs
were considered stable. Among the unstable and stable
ASPs, the number of soft [25 (55.5%) and 5 (38.5%);
p=0.352] and combined [17 (37.7%) and 8 (61.5%);
p=0.203] plaques did not differ to a statistically
significant degree.

One of the main signs of TCFA as high-risk ASPs
is the presence of a large lipid nucleus, evidenced by
sites with low minimum X-ray density in plaques on
CT, since the nucleus density is much lower than the
density of other components. The minimum X-ray

A - gray scale IVUS: Rupture ASP (red arrow); B — IVUS with spectral analysis: TCFA; C - CAG: moderate stenosis in the middle LAD segment (yellow arrow).
ASP, atherosclerotic plaque; IVUS, intravascular ultrasound study; TCFA, thin-capsule fibroatheroma;

CAG, coronary angiography; LAD, left anterior descending artery.
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Table 3. CT characteristics of unstable and stable ASPs

Parameter I:Jnstable ASPs 'Stable ASPs b
according to IVUS (n =42) according to IVUS (n = 13)
Contour irregularity 39 (92.9) 6 (46.1) 0.0007
Minimum density <46 HU 35(83.3) 6 (46.1) 0.01
Burden, % 70 [60.6; 84.4] 65 [51.9;70.0] 0.071
Microcalcification 16 (38.1) 3(23.1) 0.506
Positive remodeling 20 (47.6) 4(30.8) 0349
Remodeling index 1.1[1.01; 1.23] 1.01 [1.00; 1.14] 0.119
Ring attenuation 19 (45.2) 3(23.1) 0.203
The data is presented as an absolute number (%) or the median [interquartile range].
ASBD, atherosclerotic plaque; IVUS, intravascular ultrasound study.
density of plaques, which were unstable according to  Detection of CT signs

IVUS (28 [12; 41] HU, n = 42) was expectedly to be
lower than in stable ones to a statistically significant
degree (47 [25.8; 62.5] HU, n = 13; p = 0.04), calcified
plaques were not taken into account. The X-ray density
of <46 HU turned out to be optimal (threshold) for
differentiation of unstable ASPs ( (Figure 4, A; Table 3).
Sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) for unstable
ASPs according to IVUS were 81.4%, 58.8%, 83.3%,
and 55.6%, respectively (Figure 4, B). Moreover, the
presence of a site with an X-ray density of < 46 HU in the
ASP increases the probability of its instability (OR 7.0,
95% confidence interval (CI) 5.63-8.37) 7-fold.

Figure 4. Minimum X-ray density in unstable and stable ASPs

of instability in unstable plaques by IVUS

In CCTA, irregular contours and the sites with a
minimum X-ray density of <46 HU were statistically
more frequent in the group of unstable plaques.
According to the rest of the CT signs of instability
there are no valid intergroup differences (see Table 3).
However, a high attenuation ring around the plaque was
more frequent in ruptured TCFAs than in TCFAs, 63.6
and 25% of cases, respectively (p = 0.015).

The detection of contour irregularity confirmed the
presence of unstable plaque with sensitivity, specificity,
PPV, and NPV equal to 92.8%, 46.1%, 84.8%, and
66.7%, respectively (Figure S). This sign increases the

0 CT density HU B CT density HU
4007 HU . 1004 %
300+ 501
200 Sensitivity 81,4%
Specificity 58,8%
2 601
1001 eeo® oS :E‘
12}
00800 =]
. viee >46 HU 3 40
~1001 20+
100 . $=0,681
-200 : : N %
Stable ASPs Unstable ASPs 0 20 40 60 80 100
Specificity

A - distribution of the minimum X-ray density in unstable and stable ASPs (X-ray density threshold is 46 HU); HU, Hounsfield units.
B - ROC curve used to calculate minimum X-ray density threshold according to CCTA for the prognosis of an unstable plaque by IVUS.
ASP, atherosclerotic plaque; CCTA, coronary computed tomography angiography; IVUS, intravascular ultrasound study.
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possibility of plaque instability up to 11 times (OR 11.1,
95% CI2.24-55.33; p<0.009).

Discussion

The study assessed the role of CCTA in identifying
ASP components and signs of instability in a total of 60
plaques in SO coronary arteries of 37 patients with ACS.
One of its advantages is the comprehensive use of IVUS,
both grayscale (to identify ruptures, thrombosis), and
with spectral analysis (to define ASP types) as a method
with a greater resolution than that of CCTA. This not
only identifies ASP components in detail (including
high-risk ASP), but also verifies CCTA accuracy of
assessing structural features in ACS. The analysis of
CCTA capabilities in detecting unstable ASPs verified by
IVUS and evaluating the known CCTA instability signs
as markers of high-risk ASPs are described for the first
time in the Russian literature. The analysis of CCTA data
intentionally included only non-calcified or partially
calcified plaques, since the soft-tissue component is
known to be primarily an alteration substrate. These
CT types of plaques are more common in ACS on the
one hand, while, on the other, assessing CT signs of
instability in calcified plaques is either impossible or
challenging due to massive calcification artifacts. The
study is limited by the fact that the analysis did not
include ASPs, especially SRP, which were inaccessible to
the ultrasound transducer. This was due to the minimum
lumen area, and plaques that narrow the lumen by less
than 25%, usually immature, intima thickening and
fibroatheromas in patients with ACS [36, 37].

The absence of significant intergroup differences in
some ASP characteristics on CCTA in patients with
ACS when comparing SRPs and SFPs (positive arterial
remodeling at the plaque level, spot calcification, sites
with minimal X-ray density, etc.) can be caused by the
generalization of plaques destabilization throughout
the coronary bed, rather than only the symptom-related
artery. This has been described by several authors who
applied various methods of ASP visualization and
showed that vulnerable plaques are found both among
SRPs and SFPs [36, 38-41]. The above-mentioned
signs reflect the plaque’s potential for sudden changes
rather than the fact of changes. The more significant
burden in SRPs, more frequent detection of such CT
signs as contour irregularity, a ring of high attenuation
around the plaque, are, on the contrary, naturally
correlated with the processes directly leading to ACS,
such as plaque rupture, thrombosis, subsequently
increased burden of the plaque and progressing
coronary obstruction. Data from the literature and
IVUS in our study also showed the correlation of
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these signs to plaque rupture and thrombosis. Mural
thrombosis and a ring of high attenuation around
plaque were statistically significantly more frequent in
SRPs and ruptured ASPs, respectively [ 13, 42].

The classification of ASP types by IVUS and OCT
corresponds to the histological classification [43],
according to which two types of mature ASPs, TCFA
and ruptured ASP, are classified as unstable ASPs
[44, 45]. The comprehensive analysis of the IVUS
data identified different ASP types and distinguished
TCFAs as ASPs (also mainly TCFAs) prone to rupture
but with intact fibrous caps from ruptured ASP.

According to our study, the ruptured ASPs and
TCFAs prevailed among mature non-calcified coronary
plaques in patients with ACS, which corresponds to the
literature [46, 47].

There are no significant differences in the prevalence
of TCFAs, thick-cap fibro-atheromas, and ruptured
ASPs between SRPs and SFPs. This corresponds to
the mentioned hypothesis of ASP destabilization
generalization throughout the coronary bed. According
to IVUS, the only difference between SRPs and SFPs
was the more frequent detection of mural thrombi
in SRPs. IVUS is considered not to visualize small
thrombi, which is a limitation of the method. However,
IVUS is used in several studies, including ours, to detect
thrombi on the surface of coronary ASPs [48, 49].

Figure S. Sensitivity and specificity of the CT sign contour
irregularity used to determine ASP instability by IVUS

Contour irregularity
100+ %
80-
B 601
2] Sensitivity 92.8%
% | Specificity 46.1%
v 40
201
$=0.695
A — %
0 20 40 60 80 100

Specificity

CT, computed tomography; ASP, atherosclerotic plaque;
IVUS, intravascular ultrasound study.
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Since one of the main signs of TCFA is the presence
of a large lipid nucleus with the lowest X-ray density
compared to other plaque components, many studies in
the search for surrogate CT markers of this type of ASP
were focused on identifying the range of the minimum
plaque X-ray density. Later studies investigated the
amount of the non-calcified component as possible
radiographic signs of vulnerable plaques [12-16, 33].
According to our study, the X-ray density of unstable
plaques in IVUS was also significantly lower than the
density of the rest ASPs, while the level of 46 HU was
an optimal threshold of differentiating stable and
unstable plaques. Our findings are almost the same as
the findings of another study, which used an advanced
technique of identifying high-risk plaques [49]. The
X-ray density thresholds for unstable plaques differ
from study to study, and there is no standard value
for individual density differentiation. Moreover, the
ranges of individual values overlap in the unconditional
significance of intergroup differences in the X-ray
density values of different plaque components, such as
lipid necrotic and fibrous, making it difficult to estimate
what type a non-calcified plaque belongs. However,
further improvements, including the determination of
the low-density component volumes, have been made in
this area, such as hardware and software improvements
[13,49-53], and new CT signs of high-risk plaques are
being investigated [53-56].

Several studies have shown the correlation with ACS
of such CT-signs as positive remodeling, the presence of
sites < 30 HU, microcalcification, a ring of high attenuation
around the plaque, and irregular contours, although the
data is contradictory [13, 26-33]. These signs are also
referred to as CT signs of ASP instability but are not
synonymous with signs of unstable plaques according
to the histological classification. We estimated their
detection rate in unstable and stable plaques according
to IVUS, except for the minimum density <30 HU, as we
used a threshold density of <46 HU instead. There were
statistically significant differences between the groups
only in the rate of this criterion (p=0.01) and contour
irregularity (p=0.0007). According to our findings, the
minimum X-ray density of <46 HU is characterized by
average sensitivity and specificity, but is 7-times higher
than the probability of plaque being unstable. Contour
irregularity is characterized by high sensitivity but low
specificity in detecting unstable ASPs. However, this sign
is 11-times higher than the probability of the plaque being
unstable. Contour irregularity as a clinically significant
criterion of coronary ASP instability in ACS has been
previously discussed in the Russian literature [25], but its
was verified by IVUS for the first time in this study.
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The values of the remaining radiographic signs in
unstable ASPs were higher than in stable ones, but
the differences did not reach statistical significance,
corresponding to some other studies [13, 32, 33, 57,
58]. It should be noted that a ring of high attenuation
was detected around the ruptured ASPs significantly
more often than in TCFAs, corresponding to the data of
other authors [13, 58].

Conclusion

CCTA is an informative non-invasive method of
assessing the ASP components, including detecting
plaques with signs of instability. This was confirmed
in our study by a comparative analysis of the reference
IVUS findings.

The comprehensive analysis of intravascular ultra-
sound in grayscale and with spectral analysis was pre-
ferable to the use of spectral analysis only, since it
allowed us to identify ASP types, ruptures, and mural
thrombosis in plaques.

The absence of difference between SRPs and
SFPs in the rate of detecting different types of
ASBs in patients with ACS, including TCFAs and
ruptured ASPs, as well as such CT characteristics of
ASPs as positive arterial remodeling at the plaque
level, spot calcification, low X-ray density sites, and
others, corresponds to the hypothesis of the ASP
destabilization generalization throughout the coro-
nary bed, and not only in SRPs. Significantly higher
values of SRP burden, more frequent detection
of such CT signs as contour irre-gularity, a ring
of high attenuation around the plaque, are, on the
contrary, naturally associated with the processes
directly leading to ACS: plaque rupture, thrombosis,
subsequent deterioration of coronary obstruction.
This is confirmed by the more frequent detection of
mural thrombi in SRPs, when compared to SFPs (58 %
and 15.6%, respectively, p = 0.0005), and a ring of
high attenuation around ruptured plaques.

According to our study, contour irregularity and
a low X-ray density site of <46 HU are the most typical
CT signs of unstable plaques. The two signs increase the
probability of the plaque being unstable 11- and 7-fold,
respectively.

Further improvement of hardware, software, eva-
luation of the significance of new CT criteria of plaque
vulnerability gives hope for the further improvement of
CCTA accuracy in assessing ASPs.
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