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Abstract

Coronary computed tomography angiography (CCTA) is the most commonly used modality for noninvasive

plaque imaging in clinical settings. Characteristics of rupture-prone vulnerable plaques include positive

remodeling, low attenuation, and napkin-ring sign in CCTA. About 60% of all vulnerable plaques have these

characteristics, and these coronary lesions often result in plaque rupture. Identification of such groupings of

coronary artery characteristics has been used to predict cardiovascular events.
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A
ccurate risk stratification of future cardiovascular events

may help prevent cardiovascular events and contribute to

the development of a treatment strategy. To date, however,

detecting vulnerable coronary arterial plaque remains a

challenge. Currently in clinical settings, there is no established

method of detecting vulnerable plaque that may lead to acute

coronary syndrome (ACS). Braunwald addressed the limita-

tions of the Framingham risk score for risk stratification of

ACS in primary prevention. Cardiac imaging should be able to

identify those at very high risk (15% or higher per year) of

ACS (1). The pathological findings of ACS include plaque

rupture (in 55-60% of patients), erosion (in 30-35%), and

calcified nodule (in 3-7%) (2). About 60% of vulnerable

plaque is associated with thin-capped fibroatheroma (TCFA)

causing plaque rupture. The characteristics of arterial plaque

also include positive vascular remodeling and a large necrotic

core. Vulnerable plaque also has new blood vessel (vasa

vasorum) formation. Characteristics of vulnerable plaque

include fibrous capsule thickness of less than 65μ, mac-

rophage infiltration of the fibrous capsule, and matrix

metalloproteinase expression (3).

Current status of plaque imaging using coronary CT

angiography

The most advanced research tool for noninvasive imaging

of vulnerable plaque is currently coronary computed tomogra-

phy angiography (CCTA) because of its versatility and its high

image resolution. CCTA can provide data on several factors

including positive remodeling of coronary arteries, plaque

burden, and severity of coronary arterial stenosis. CCTA also

provides information regarding necrotic core regions, in which

the density of the lipid pool can be assessed based on the CT

data. Lesions related to ACS have significant spotty

calcification, positive remodeling (remodeling index >1. 1),

and low-attenuation plaque (CT<30 HU) as found in CCTA

(Fig. 1a, Table 1) (4). Plaques with these characteristics are

now referred to as having the napkin-ring sign (NRS). NRS is

associated with a large necrotic core. This is a characteristic of

vulnerable plaque (5-7) (Fig. 1b). The specificity of this NRS

for detecting vulnerable plaque is relatively high based on

autopsy studies but the sensitivity of this sign is low (6).

Several studies have reported the prognostic value of

vulnerable plaque identification through CCTA imaging.
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Prognostic value of coronary plaque identification through

CCTA

Motoyama et al. noted specific characteristics of coronary

plaque, identified through CCTA, such as positive remodeling

(remodeling index >1.1) and low attenuation (CT<30HU).

Coronary plaque meeting one of these 2 conditions is referred

to as 1-feature positive plaque (1FPP). Motoyama et al.

observed the outcomes of patients with these coronary plaques

for a period of 2 years. During the observational period, 10

(22.2%) of 45 cases with 2FPP had ACS. In contrast, only one

(3.7%) of 27 cases with 1FPP, and only 4 (0.5%) of 820

patients without any features associated with positive plaque

had ACS (8). Otsuka et al. evaluated 1,174 plaques in 12,727

segments in 895 subjects (mean: 2.3±0.8 years follow-up

period). As were several CT findings, such as positive

remodeling and low-attenuation plaque, the napkin-ring sign

was an independent predictor for acute coronary syndrome (9).

Relationship between anatomical coronary stenosis and

plaque vulnerability

The relationship between the severity of coronary stenosis,

plaque burden, and vulnerability of plaque has been noted.

Narula et al. investigated 295 coronary arterial lesions in 213

autopsy cases of sudden cardiac death. In contrast to previous

studies, their findings for cases of ACS of the vascular cross-

sectional area showed ruptured plaque in 70% of coronary

lesions. Only 5% of lesions at rupture sites had <50% stenosis.

In addition, in its precursor lesion, TCFA, about 40% showed

>75% stenosis of the vascular cross-sectional area, and only

about 10% showed <50% cross-sectional stenosis. This

finding may indicate the importance of plaque burden and

severity of coronary arterial lumen stenosis for identification

of vulnerable plaque (10). Rapidly growing plaque with

characteristics of TCFA may indicate higher risk for ACS

onset (11). Therefore, vulnerable plaque with more severe

coronary arterial lumen stenosis is associated with higher
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Fig. 1 Coronary CT-verified vulnerable plaque.

a: Plaque with positive remodeling, low attenuation and spotty calcification is regarded as vulnerable

plaque in coronary CT angiography.

b: The napkin-ring sign can be defined as the presence of two features: a central area of low CT

attenuation that is apparently in contact with the lumen and a ring-like higher-attenuation plaque tissue

surrounding this central area.

a

b

Table 1 Parameters and signs of coronary plaque with CCTA

Parameter Description and definitions

Positive remodeling
Ratio of outer vessel diameter at the site of plaque divided by the average outer diameter of the proximal and

distal vessel greater than 1.1, or Av/[(Ap þ Ad)/2] >1.1

Napkin-ring sign Central low-attenuation plaque with a peripheral rim of higher CT attenuation

Low-attenuation plaque Non-calcified plaque with internal attenuation less than 30 HU

Spotty calcification Punctate calcium within a plaque



cardiac event risk. The characteristics of vulnerable plaque, as

identified through CCTA, and rapid plaque progression have

been reported to be strong predictors for cardiovascular events

(12). CCTA can be used to accurately evaluate plaque burden

and coronary arterial lumen stenosis. Meta-analysis of 42

studies revealed that sensitivity and specificity of coronary

CTA to detect any plaque and that of intravascular ultrasound

were 93% and 92%, respectively, with an area under the

receiver-operating curve of 0.97 (13).

Problem of plaque imaging by coronary CT angiography

The usefulness of plaque evaluation through CCTA has

been reported as described above. However, there are also

problems associated with plaque detection through CCTA.

Although coronary artery calcium score, the severity of

stenosis of the lesion, and number of diseased vessels have

been recognized as strong predictors of cardiovascular events

identified through CCTA (14, 15), limited studies have

demonstrated the incremental prognostic value of plaque

evaluation using CCTA (16). Moreover, few studies have

evaluated incremental prognostic value of CCTA plaque

estimation in either primary prevention or secondary preven-

tion. It is also not clear whether CCTA plaque estimation has

incremental prognostic value over conventional risk assess-

ment such as the Framingham risk score (16).

Another problem is the lack of objective assessments for

plaque severity. To date, necrotic core area, fibrous area, and

level of calcification of the plaque have been quantitatively

evaluated based on CT numbers. However, various factors,

such as the contrast-medium concentration in the coronary

arterial lumen, the severity of stenosis of coronary arterial

lesions, artifact for calcification, and tube voltage, can

influence CT numbers. Meta-analysis of literature reporting on

36 studies involving CT number-based plaque properties
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Fig. 2 Plaque morphology analysis by the labeling method and by VH-IVUS.

Properties of fibrous plaque (a) and plaque accompanied by a necrotic core area (b) on VH-IVUS were similarly

analyzed objectively and quantitatively through coronary arterial CT using the labeling method.

VH-IVUS: virtual histology intravascular ultrasound

a

b



analysis revealed large variations in the CT numbers of lipid-

rich and fibrous plaque. Many problems remain to be solved

before this method can be determined suitable for clinical

settings (17). For example, plaque property analysis corrected

through contrast attenuation is required (18). As well,

subjective plaque tissue characteristics analysis (labeling

method) through the addition of 3-dimensional distribution,

and noise-employing clustering analysis would be needed (19)

(Fig. 2). Further investigations and development of a

standardized index would also be necessary prior to any

clinical application of this method.

Conclusions

At present, CCTA is considered the most advanced

modality for noninvasively detecting coronary plaque.

However, it is necessary to establish quantitative approaches

and evidences based on large-scale prospective multicenter

clinical trials. Evaluation of not only the anatomy and

morphology but also the physiology by CCTA has recently

become possible. Comprehensive evaluation of these may

facilitate plaque imaging with high accuracy for predicting

cardiovascular events.
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