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Abstract

Background: The most common cause of sudden coronary deaths is atherosclerotic plaque rupture and subsequent coronary artery thrombosis. Plaques that have 
high risk features are called vulnerable plaques, and are the precursor of acute coronary events and are characterized by a large necrotic core and a thin fibrotic cap in 
histopathology. Coronary Computed Tomography Angiography (CCTA) is a clinically established tool for the diagnosis of coronary artery disease, evaluation of coronary 
artery stenosis and characterization of the plaque. OCT has emerged as the most accurate imaging modality for the evaluation of intracoronary Thin Cap Fibroatheroma 
(TCFA). 

Methods: We performed a thorough online search of full text articles on characteristics of vulnerable plaque on CCTA and OCT in English literature. After doing a 
critical appraisal a comprehensive review has been described.

Conclusion: In this review we have described the features of vulnerable plaque like napkin ring sign, low attenuation index and positive remodeling index on CCTA with 
simultaneous evaluation of thin cap fibroatheroma on OCT.

Abbreviations 

CCTA: Coronary Computed Tomography Angiography; 
TCFA: Thin Cap Fibroatheroma; IVUS: Intravascular Ultrasound; 
OCT: Optical Coherence Tomography; NIRS: Near-Infrared 
Spectroscopy; LAP: Low Attenuation Plaque; RI: Remodeling 
Index; MIP: Maximum Intensity Projection; VRT: Volume 
Rendering Technique

Introduction

Background

Cardiovascular disease continues to be the leading cause 

of death globally, despite advances in risk stratification, 
diagnostic tools and preventative therapies [1]. The etiological 
risk factors associated with cardiovascular diseases are well 
recognized and include hyperlipidemia, obesity, smoking, 
hypertension and, a sedentary lifestyle. These factors are 
responsible for more than 90% of the cardiovascular disease 
risks in all epidemiological studies [2].

Various invasive and non-invasive imaging modalities are 
available for characterization of vulnerable plaques. Invasive 
modalities like Intravascular Ultrasound (IVUS), Optical 
Coherence Tomography (OCT), Near-Infrared Spectroscopy 
(NIRS), Angioscopy, and Thermography provide the closest 
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information to match the histopathology. However noninvasive 
imaging modalities like Coronary Computed Tomography 
Angiography (CCTA), Cardiovascular Magnetic Resonance 
Imaging (CMR), and Nuclear imaging are alternatives to the 
invasive procedure. Non-invasive imaging modalities are ideal 
for screening the vulnerable plaque and for evaluating its 
progression. CCTA evaluates both the coronary artery wall and 
the lumen in a quick, noninvasive, and relatively inexpensive 
way. CCTA helps in the assessment of coronary artery stenosis, 
the extent of coronary artery disease, and plaque morphology, 
and plays a significant role in the management of CAD to 
reduce the rate of cardiac events and cardiac mortality [3-5].

With newer imaging modalities like Optical Coherence 
Tomography (OCT) which is an optical analog of Intravascular 
Ultrasound (IVUS) coming into the picture, there has been a 
major interest in refining our current methods of diagnosis 
and individualizing preventative therapies like percutaneous 
coronary intervention. Myocardial infarction is most commonly 
caused by a rupture of atherosclerotic plaque. Plaques that are 
prone to rupture have certain common characteristics that 
together define the vulnerable plaque. There are hallmark 
characteristics of high-risk plaque that have been identified in 
histology (Figure 1), invasive intracoronary OCT and noninvasive 
Coronary Computed Tomography Angiography (CCTA) which 
serve as specific imaging modalities for coronary imaging. The 
Thin Cap Fibroatheroma (TCFA), a feature of vulnerable or 
high risk plaque is defined on OCT with findings comprising of 
fibrous cap of thickness < 65 µm overlying a lipid rich plaque 
with superficial microcalcification and plaque haemorrhage 
[6]. The vulnerable or high-risk plaque characteristics defined 
on CCTA include a Low Attenuation Plaque (LAP), Remodeling 
Index (RI), and napkin ring sign (NRS). It is worth mentioning 
that these findings are independent of stenosis severity and 
consistent with the fact that myocardial infarction is often due 
to plaque rupture in non-obstructive lesions [7].

In this article we review the role of CCTA in characterization 
of vulnerable plaque by assessing, vessel remodeling index (RI), 
Low Attenuation Plaque (LAP) and Napkin Ring Sign (NRS).

Coronary Computed Tomography Angiography (CCTA)

Clinically, CCTA has become the preferred noninvasive 

imaging technique for evaluating both lumen area and plaque 
composition in the majority of the coronary vasculature. This 
is especially true for vessels with a diameter greater than 1.5 
mm, as this is where the majority of plaques are commonly 
situated [8]. Considerable benefits arise from its inherent 
characteristics, including its noninvasive nature, capacity 
to image the entire coronary vasculature, and the potential 
to evaluate both the vessel wall and lumen. It demonstrates 
outstanding capability in effectively ruling out conditions, with 
a negative prognostic value reaching nearly 100%, even during 
extended periods of follow-up [9,10].

The CCTA-derived parameters for high-risk plaques like 
positive vessel remodelling, low attenuation value of plaque, 
spotty calcification, and napkin ring sign have emerged as 
significant and independent predictors of events in multiple 
studies. The lack of invasiveness associated with CCCA makes 
it an appealing choice for population screening, particularly in 
the context of primary prevention. Its precision in identifying 
the presence of lesions is comparable to that of Intravascular 
Ultrasound (IVUS) [11].

Optical Coherence Tomography (OCT)

The precision of OCT imaging, with axial resolution 
ranging from 10 to 20 μm and lateral resolution from 20 to 
40 μm, facilitates accurate observation of plaque morphology 
[12]. Additionally, it enables the assessment of fibrous cap 
thickness [12]. A distinctive capability of OCT includes the 
identification of macrophages, which typically range in size 
from 20 to 50 μm, as well as the detection of neovascularization 
and microcalcifications [13]. Limitations of OCT include the 
necessity for blood displacement due to the high scattering 
effect of its components, longer image acquisition times, 
frequent occurrence of artifacts, inability to assess deeper 
plaque structures, and relatively limited discrimination 
between calcified areas and lipid cores. This challenge arises 
because both present as signal-poor areas, with clear borders 
for calcified areas and diffuse borders for lipid cores.

Scan protocol for CT Coronary angiography (Table 1)

All patients should be in sinus rhythm at the time of study. 
For a patient with a heart rate (HR) > 60 beats per minute, 
steady HR of approximately 60 bpm should be achieved using 
beta blocker drugs and or an anxiolytic. Calcium channel 
blockers can be used in patients where beta blockers are 
contraindicated. Sublingual sorbitrate (2.5 mg) should be 
administered two minutes before scanning. After obtaining 
the initial scout images, a prospective gated ECG-triggered 
non-contrast scan is acquired for coronary calcium scoring. 
Retrospective gated ECG triggered contrast-enhanced cardiac 
CT angiography scan, with intravenous administration of 
a bolus of 80-110 ml of 350 mg/ml non ionic water-soluble 
contrast CONTRAPAQUE (Omnipaque: Iohexol 300) at a flow 
rate of 5 - 6 ml/s using 16 -18 G cannula followed by a saline 
flush of 20 ml, is acquired using 128 slice MDCT scanner.

Interpretation of CT Images

Curved multiplanar reformation, Maximum Intensity 
Projection (MIP), Volume Rendering Technique (VRT) images, Figure 1: A Schematic diagram depicting a vulnerable plaque and its features.
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2-D and globe images were reconstructed and all scans were 
analyzed on a Philips workstation (Philips, Extended Brilliance 
Workspace and Intellispace portal software). Presence of a 
minimal three contiguous pixels with an attenuation of >130 
H.U. was considered calcification.

The plaques were classified as calcified, non-calcified 
&amp; mixed. Non-calified plaques were defined as structures 
assignable to the vessel wall (in at least two views) with 
a density lower than the lumen contrast whereas plaques 
demonstrating calcification less than or equal to 50% were 
classified as mixed. Similarly, plaques with more than or equal 
to 50% calcification were classified as calcified plaques.

The degree of stenosis was classified as mild (<50% 
stenosis, non-obstructive), moderate (50% - 75% stenosis), 
and severe (>75% stenosis). Greater than 50% stenosis was 
considered obstructive/significant CAD. For patients with 
varying degrees of stenosis in different coronary artery 
segments, the plaque with the highest degree of stenosis was 
used for the classification of degree of stenosis.

CT features of vulnerable plaque

There are two types of plaque: fibrocalcified plaque and 
vulnerable plaque. They both have a very different impact on 
the pathogenesis of the disease. The patients with fibrocalcified 
plaque present with stable angina however, those with 
vulnerable plaques are very prone to an acute cardiac event. It 
becomes very important to manage the precursor lesion of an 
acute cardiac event in an asymptomatic patient.

CT features of vulnerable plaque consist of a positive 
remodeling index, napkin ring sign, low attenuation plaque, 
and small luminal area. 

Remodelling index: The Remodeling Index (RI) (Figure 2) 
is calculated as the ratio of vessel diameter at the plaque site 
to a reference diameter of a normal-appearing vessel proximal 
to the lesion. Proximal and distal reference segments were 

defined as 5 mm long segments adjacent to the target segment. 
It was found in many studies, that plaques that have RI >1.1 are 
more commonly associated with vulnerable plaques [14].

Napkin ring sign: Napkin Ring Sign (NRS) is defined as 
a semicircular thin rim enhancement around the center of 
plaque along the outer contour of the coronary artery, and the 
attenuation value of the rim should be more than the plaque 
but less than or equal to 130 Houndsfield unit (H.U.)(Figure 3)
[15]. 

Low attenuation plaque: The attenuation value of plaque (in 
H.U.) was calculated as the average attenuation value of plaque 
after placing 5 rounded Regions of Interest (ROI) of 0.2 mm2 
each. One ROI of 0.2 mm2 was also kept in the center of the 
lumen (Figure 4a,4b). Lowest H.U. in all ROI was measured & 
then, averaged. If the plaque was calcified then, ROI was placed 
in the non-calcified portion of the plaque. The plaques with 

Table 1: Protocol for 128 slice CT in CCTA.

Detector pitch 9.8 - 11.2

Pixel size 0.39 × 0.39 mm

Rotation time 350, 375, or 400 ms;

Tube current 400 or 450 Ma

Voltage 135 Kv

Current 400 mA

mAs 1000 mAs

Image matrix 512 x 512

Collimation 64 x 0.625 mm

Patient position Feet first supine

Slice location 315.3 mm

Table height 85

Table speed 16.0 mm/sec

Contrast agent Iodine

Contrast route IV

 

Figure 2: Volume rendered images showing positive remodeling index.

Figure 3: Showing Napkin Ring sign (NRS) as thin rim of increased attenuation 
around the plaque in LAD.
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attenuation value (HU>500) correspond with calcified plaques. 
Low Attenuation Plaque (LAP) was defined as a plaque with an 
attenuation value of <30 HU [16].

OCT protocol: OCT images are acquired using a nonocclusive 
technique with the C7XR system and DragonFly catheters 
(St Jude Medical, Minneapolis). The artery should be cleared 
of blood by continuous flushing with Iodixanol 370 at a flow 
rate of 3 ml/s for the right coronary artery and 4.5 ml/s for the 
left anterior descending and left circumflex. A 6 to 8 French 
size (0.014 inches) guide catheter is passed in the coronary 
artery under fluoroscopic guidance after administration of 
intra-coronary 100 - 200 microgram Nitroglycerine. Coronary 
guidewire is then, advanced proximal to the lesion & exchanged 
with an OCT imaging wire which is positioned distal to the 
lesion. OCT images were obtained with an automatic pullback 
of 20mm/s and the data was stored for offline analysis.

OCT features of vulnerable plaque: The study conducted by 
yabushita, et al. demonstrated that OCT has a high sensitivity 
(range 0.87 - 0.95) and specificity (range 0.94 - 1.0) for 
distinguishing between types of plaque [17]. On OCT, fibrous 
plaques show homogenous signal-rich layers and lipid-rich 
plaques were characterized by signal-poor sections with 
diffuse edges.

A vulnerable plaque on OCT is defined as a thin fibrous cap 
(<65 μm), a large lipid pool; and activated macrophages near 
the fibrous cap (Figure 5a,5b) [16].

Discussion

To reduce morbidity and mortality in suspected or proven 
coronary artery disease patients it is important to prevent acute 
coronary events. Both invasive and noninvasive modalities 
are there to identify vulnerable plaque. Noninvasive modality 
becomes ideal for screening asymptomatic patients and for 
assessing the disease progression. Due to its improved spatial 
and temporal resolutions, CCTA has the potential to quantify 
and characterize atherosclerotic plaques, particularly non-
calcified vulnerable plaques.

According to pathological studies - plaque rupture, plaque 
erosion, and calcified nodules were three underlying pathologies 
leading to thrombosis of vessels and myocardial infarction. The 
thin cap fibroatheroma was identified as a prototypical high-
risk plaque which is defined as a large, outwardly remodeled 
coronary lesion with a large necrotic core and a thin fibrous 
cap (<65 µm).

OCT is an invasive modality that can detect a TCFA plaque 
which is the feature of vulnerable or high-risk plaque. 

Many studies have shown that plaques that have high-risk 
features like NRS, (RI >1.1)(Figure 6) and LAP on CCTA are 
associated with TCFA on OCT.

This is in line with the study conducted by Yang et al who 
evaluated the presence of vulnerable plaque characteristics 
in per section to section-to-section study on CCTA was 
associated with the presence of TCFA as defined by optical 

coherence tomography (OCT) [18]. A total of 28 patients with 
31 lesions were included in this study for analysis. In per-
section analysis, OCT-TCFA showed higher frequency of CCTA-
detected LAP (58.0% vs.18.5%), NRS (31.9% vs. 8.8%), and 
positive remodeling (68.1% vs. 48.0%) as compared to sections 
without OCT-TCFA (all p values were < 0.05). 

The accuracy of CCTA in identifying thin-cap fibroatheroma 
(TCFA) detected by optical coherence tomography was studied 
by Tomizawa, et al. in 129 lesions in 106 patients [19]. They 
used three models to predict TCFA: Model 1 included R.I.>1; 1.1, 

 

Figure 4a,b: a: CT image showing Napkin Ring Sign(blue arrow head).
b: CT image showing calculation of Average Plaque attenuation by places 5 ROI of 
0.2 mm 2 in non-calcified portion of plaque. The average plaque attenuation was 
29H.U consistent with low attenuation plaque.

Figure 5a,b: a: Showing magnified OCT frame image measurement of cap of 
fibroatheroma which was 0.28 mm suggestive of thick cap.
b: showing magnified OCT frame view for measurement of thin cap fibro-atheroma 
(TCFA) which came out to be 0.04 mm. In addition, the fibrous plaque burden is 
seen below the cap.

 

Figure 6a-c: a: Showing Calcified Plaque at LAD ostium with 65- 70% stenosis.
b: showing Plaque Length of 9 mm on OCT frame image.
c: showing assessment of Remodelling Index (R.1.) which was 1.16 suggestive of 
positive remodeling.
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minimum CT HU <30 HU and NRS; Model 2 included RI> 1.1, 
minimum CT HU <30 HU or NRS and last Model 3 included 
regression model using RI, proportion of LAP and NRS. They 
concluded that the accuracy to predict TCFA by CCTA would 
improve with a model using RI and LAP. 

Nakazato et al and Kashiwagi, et al. also divided culprit 
plaques into TCFA and non-TCFA groups according to OCT 
criteria and compared the results with CCTA findings [20,21]. 
It was shown that TCFA plaques had lower attenuation values 
and NRS compared with non-TCFA plaques.

In a study conducted by Ozaki et al it was found that low 
attenuation plaque was seen in 88% of ruptured plaques and 
positive remodeling (RI >1.1) was seen in 96% of ruptured 
plaques [22]. Pflederer and Kashiwagi in their studies found 
that NRS had 96% to 100% specificity for the identification of 
TCFA [21,23]. It also aimed to correlate quantitative variables 
of coronary artery like plaque length, minimal lumen diameter, 
minimal lumen area, and diameter stenosis (%) between CCTA 
and OCT.

A study conducted by Horvart, et al. concluded that the 
assessment of the plaque characteristics improves the diagnostic 
accuracy of CCTA to identify advanced atherosclerotic lesions 
[15]. The CCTA finding of NRS has a high specificity and high 
positive predictive value for the presence of advanced lesions.

Dwivedi et al in a study reported that a plaque with low and 
intermediate attenuation (1 to 70 HU) is likely to be the most 
vulnerable, and a cutoff value for plaque volume of 3.99 mm/
mm for combined low and intermediate plaque volume can be 
used as a strong prognostic indicator [24-26].

Conclusion

Imaging plays an important role in cardiovascular risk 
stratification. The identification and characterization of 
vulnerable plaques are critical in understanding and managing 
the risk of acute coronary events. Coronary Computed 
Tomography Angiography (CCTA) has proven to be a robust 
non-invasive tool, offering significant insights into plaque 
morphology, including features such as low attenuation 
plaque, positive remodeling index, and the napkin-ring sign. 
Simultaneously, Optical Coherence Tomography (OCT) provides 
unparalleled precision in identifying Thin-Cap Fibroatheromas 
(TCFA), the hallmark of high-risk plaques, at a microscopic 
level but is an invasive tool.

CCTA is a noninvasive technique for the detection of 
vulnerable plaque which can lead to an acute coronary event. 
CCTA not only helps in diagnosing but it plays a very important 
role in screening and follow-up of patients thus playing a 
pivotal role in primary and secondary prevention of acute 
coronary events. . Being a noninvasive technique it is becoming 
the choice of both clinicians and patients and sufficient data is 
there to prove its sensitivity and specificity.
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