
Journal of Cardiovascular Disease Research 

                                                                                        ISSN:0975-3583,0976-2833      VOL12,ISSUE04,2021 

607 

 

Coronary Artery Vulnerable Plaque Detection And 

Characterization: What Do Cardiologists Need To Know? 
 

Noha Yahia Ebaid1, Dalia Nabil Khalifa2, Ahmad Sabry Ragheb3, Magdy Mohamad 

Abdelsamie4,EssamElsayed Tharwat5, and Ahmed Mohamed Alsowey6 

1,2,3,5,6Department of Radiology, Faculty of Medicine, ZagazigUniversity, Egypt.; e-mail@e-mail.com 
4Department of Cardiology, Faculty of Medicine, ZagazigUnivesity, Egypt.; e-mail@e-mail.com 

 

Email: nohayahiaradio@gmail.com 

 

Abstract: 

Acute coronary syndrome is often precipitated by a sudden thrombosis induced by the rupture or erosion of an 

atherosclerotic plaque. In individuals with acute chest pain, culprit lesions' non-invasive detection has the ability 

to improve non-invasive risk classification. Coronary computed tomography angiography [CCTA] detects 

luminal stenosis and visualizes atheromatous mural changes [coronary plaques]. A higher risk of acute 

cardiovascular events is seen in individuals having a large plaque volume, positive remodeling, napkin-ring 

sign, spotty calcification, and low CT attenuation. Coronary CTA has shown to be a promising method for 

determining coronary lesions' functional significance via the use of rest/dynamic myocardial CT perfusion 

and/or CT-derived fractional flow reserve [FFR-CT]. Other invasive procedures as intravascular ultrasound and 
optical coherence topography gain important insights but are limited to high-risk patients.  
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1. INTRODUCTION 

Atherosclerosis is an arterial wall degenerative process that mostly affects large and medium-sized systemic 

arteries. Angina pectoris and other clinical ischemic symptoms are frequent as a result of a coronary plaque 

that forms flow-limiting stenosis, therefore decreasing the perfusion of the tissues [1]. If this clinical state 

persists, the atherosclerotic plaques are considered stable fibrotic morphology lesions [2]. 

Unexpected incidents such as stroke and myocardial infarction happen due to a sudden shift in clinical 

dysfunction [3]. A sudden rupture and subsequent thrombosis of an atherosclerotic plaque is the primary reason 

for the transition from asymptomatic to symptomatic illness [4]. 

These "vulnerable" lesions may be non-obstructive as well [5]. A "vulnerable plaque" is a non-obstructive, silent 

lesion of the coronary that progresses to become obstructive and symptomatic [6], and it leads to the majority of 

acute coronary conditions [7]. Also, vulnerable plaques are prone to thrombosis and can develop a culprit lesion 

quickly. The following major and minor criteria were used to determine plaque vulnerability degree: a thin cap 

[100 m] with a large lipid core [greater than 50% of the total volume of the plaque], superficial platelet 

aggregation or endothelial denudation, active inflammation, and stenosis [greater than 90%] are considered as 

major criteria. A superficial calcified nodule, endothelial dysfunction, intraplaque hemorrhage[IPH], and plaque 

color are all considered minor criteria [8]. 

 

2. PLAQUE COMPOSITION IN ACUTE CORONARY SYNDROME 

2.1. Presentation 
The three types of the acute coronary syndrome are unstable angina, ST-segment elevation myocardial 

infarction, and non-ST-segment elevation myocardial infarction [9]. The majority of ACS events [two-thirds] 

are caused by abrupt luminal thrombosis or erosion [one-third][10-12]. 

A ruptured plaque consists of a big necrotic core [often greater than 30% of the plaque area in two-thirds] and a 

luminal thrombus linked to the necrotic core via a gap in a thin [65 m] burst fibrous cap [10,13]. A plaque with 

less than 3 mm core diameter, an area less than 1.0 mm2, a cap thickness less than 150 m, and a core percentage 

less than 10% has a minimal rupture risk. [13,14]. 

There are fewer inflammatory cells and nonocclusive thrombi in erosive plaques than in plaque ruptures [12]. 

 

2.2. Associated Findings in Plaque Instability 

Since most clinical CT scanners have a poor spatial resolution, detecting a thin fibrous cap is impossible; thus, 

additional characteristics must be utilized to categorize plaques at increased rupture risk. [15]. In positive 

remodeling early stages, plaques become more vulnerable to break up, and their stability is determined by 

necrotic core thickness rather than area [15]. Positive remodeling, which is characteristic of plaques with large 

necrotic cores, TCFA, and bleeding, indicates plaque instability [15]. 

 

3. IMAGING TECHNIQUES FOR PLAQUE DETECTION AND CHARACTERIZATION 
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     3.1. Invasive techniques : 

3.1.1 Intravascularultrasound[IVUS] 

 

An ultrasound device is attached to the catheter's tip [16]. The beam will be manually guided for single-element 

catheters, while for arrays, the beam will be electronically steered.  [17]. Rotation devices can generate images 

with a resolution of 100 to 150 meters [18]. In general, phased array catheters are more flexible and simpler to 

set up [19]. These catheters may be inserted through the coronary arteries through the groin, then through the 

aorta, providing arterial, vessel wall, and atherosclerosis tomographic images [17]. 

Calculations of lumens are based on the contact between the lumen and the intima leading edge [20]. Gray-scale 

IVUS helps in determining the atherosclerotic plaque severity, size, and distribution. Additionally, it may be 

beneficial in cross-sectional area calculation. [21].  Lipid-laden lesions produce low-intensity or "soft" echoes, 
whereas lesions composed of fibrous or calcified material are quite echogenic. [Fig 1.]. Based on the acoustic 

signal, IVUS Greyscale is capable of identifying four distinct plaque types [22]. 

 

(A) [B]  

 

Figure. 1. [a]Gray-scale by IVUS shows heavily calcified plaque from 1 to 7 o'clock.[b]Image by IVUS-VH in 

different patients shows different components of plaque. Plaque composition: Red: necrotic core, Dark green: 

fibrous, Light green: fibro-fatty, White: calcified plaque. 

 
Due to the fact that the greatest resolution available for IVUS is 100 m, finding a thin cap [defined as 65 m] 

proved challenging. Greyscale IVUS may be insufficient for identifying lipid-rich and hence unstable plaques. 

However, an eccentric atheroma with a large plaque load is more prone to rupture, as shown by a shallow echo 

lucent zone identified by Greyscale IVUS. [23]. 

While Grayscale IVUS has enhanced the percutaneous coronary intervention [PCI] field, its inter-and intra-

observer subjectivity and its axial resolution restrict its capacity to identify plaque subtypes. VHIVUS [virtual 

histology intravascular ultrasound] enables real-time plaque subtype categorization. This method is identical to 

the classic Greyscale method in terms of equipment and ultrasonic technology, but it performs spectrum analysis 

on the raw backscattered data. Radiofrequency data are transformed into a power spectrum graph that plots the 

backscattered US signal amplitude versus frequency via VHIVUS and by using autoregressive modelling [21]. 

Using statistical classification trees and a combination of spectrum characteristics, the radiofrequency data were 

classified into four types of plaque: fibrous, fibro-fatty, necrotic heart, and dense calcium plaque. [24]. 

A lesion that satisfies at least three of the following criteria is defined as an IVUS-derived thin-cap 

fibroatheroma [IDTCFA]: 1]  tiny luminal region [4.0 mm2], 2] a high plaque pressure [70%], and 3] the 

existence of a thin-cap fibroatheroma. The absence of IDTCFA, on the other hand, was linked with relative 

stability, and lesions with a less than 10% necrotic core had a low chance three years later of triggering a major 

adverse cardiac event [MACE] [25].  

Endovascular ultrasound elastography [IVUSe] is used to assess the mechanical characteristics of vascular 

tissues. The strain values in lipid-rich regions are substantially higher than in fibrous-rich regions. As a result, 

an atheroma with a thin fibrous cap is more susceptible to circumferential stress, resulting in an increase in 

strain on the elastogram[26]. 

 

 
3.1.2. Optical Coherence Tomography [OCT] 

OCT is intracoronary imaging comparable to IVUS. Instead of ultrasound, it employs near-infrared radiation. It 

boasts a tenfold increase in image resolution [10 to 20 m] and a tenfold increase in tissue contrast over 
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traditional IVUS. Three layers of the coronary artery wall may be identified using OCT because of the improved 

intraluminal image quality, which are a signal-rich layer closest to the lumen known as intima, a signal-poor 

intermediate layer media as media, and a signal-rich layer surrounding the media as adventitia [27]. 

OCT may detect fibrous cap thickness, macrophage invasion, lipid content, calcium content, plaque rupture, 

thrombi, and vascular remodeling, among other plaque characteristics [28]. 

 

3.1.3. Near-infrared spectroscopy [NIRS] 

The lipid content of plaques can be imaged using NIRS [29]. 

3.2. Non-invasive techniques: 

 

3.2.1 Magnetic resonance imaging [MRI] 

Magnetic resonance imaging [MRI] is a non-invasive imaging technique that can be utilized to characterize 
"vulnerable" high-risk plaques and determine the overall level of atherosclerotic carotid pressure in patients with 

symptoms. To identify the plaques anatomy and composition, T1-weighted, T2-weighted, and proton density-

weighted imaging can be used. Multiple MR sequences, either with or without bright-blood flow suppression, 

may assist in detecting the vascular lesions primary components, such as the lipid-rich necrotic core [LRNC], 

the neovasculature, the IPH, the fibrous cap, and evidence of inflammation of the vascular wall [30]. 

In patients with mild to moderate stenosis, the thin/ruptured fibrous cap and a lipid-rich necrotic core were 

related to symptoms, whereas in those having severe stenosis, only the presence of ulceration at MR was found 

symptomatic [31]. In individuals with 50%–79% carotid stenosis, plaques with a thinned or ruptured fibrous 

cap, IPH, a broad lipid necrotic heart, and a maximum wall thickness were associated with a higher 

cerebrovascular events incidence [32]. 

Although approved sequences and specialized coils for MRI imaging of the vulnerable plaques and carotid 

arteries are available, cardiac and respiratory movements currently limit the efficacy of coronary tree 

imaging[33]. 

 
3.2.2. Nuclear imaging 

In atherosclerosis imaging, nuclear methods can be used due to the fact that inside the plaque, the radiotracer 

may colocalize with a target receptor or cell, demonstrating its functional characteristics via gamma-ray 

emission. These features may be used to identify inflammatory and rupture-prone lesions non-invasively. The 

nuclear imaging key benefit is its high sensitivity that enables identifying nanomolar targets with a minimal 

tracer dose [8]. 

 

3.2.3 Computed tomography [CT] 

The new CT scanner's excellent temporal and spatial resolution enables precise large and medium-sized arteries 
anatomical delineation, making it the most precise clinical equipment available for non-invasive coronary 

angiography [34]. 

It may also be utilized to visualize coronary artery disease early stages. Non-contrast CT is capable of detecting 

and quantifying coronary calcium, a proxy marker for coronary atherosclerotic plaque presence and volume, 

enabling us to stratify asymptomatic individuals [35]. 

Coronary calcium assessments through CT may be beneficial in individuals at a moderate risk of coronary artery 

disease [CAD] based on risk factors prior to assessment. It can also be useful when determining whether or not 

to begin lipid-lowering therapy. The calcified structures' high CT attenuation permits plaque composition 

evaluation quantitatively and visually by subdividing coronary lesions into calcified, non-calcified, and mixed 

plaques [Fig. 2a-c]. Surprisingly, individuals with ACS exhibited a greater incidence of non-calcified and mixed 

plaques in the culprit lesions, whereas typical calcified lesions were more in those having stable angina. Diffuse 

intraplaque calcification may not be linked to vulnerability, according to this data. Spotty calcified deposits 

along a 90° arc were detected in patients with AMI in particular [36]. 

(A)  
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(B) [B]  

[C]  
 

Figure. 2. CT images of non-calcified plaque, mixed plaque and calcified plaques [a]Example of mixed and 

non-calcified plaques MDCT curved multiplanar reconstruction of the left anterior descending artery [LAD] 

showed a mixed calcified plaque in the proximal segment [Curved arrow] and non-calcified plaque in the mid-

segment associated with non-significant obstruction of the lumen [<50%][Straight arrow]. [b] Example of 

multiple spotty calcified plaques of left anterior descending [LAD][arrows] without significant luminal 

obstruction. [c]MDCT curved multiplanar reconstruction of the left anterior descending artery [LAD] showed 

calcified [curved arrow] and mixed [Straight arrow] plaques in the mid-segment of the LAD.Note the artifact of 

"blooming" due to partial volume averaging of dense calcium [which typically has an elevated atomic number]. 

The median of MDCT densities of the plaques at this level was 780 HU. 

 

MDCT is a non-invasive standard criterion that appears to be promising and can be used in conjunction with 

invasive imaging modalities [35]. 

Thin-cap fibroatheromas [TCFAs] identified by IVUS are linked to lesions categorized as mixed on CT 

angiography [CTA] in ACS patients [37]. There is insufficient evidence to support a reliable categorization of 

non-calcified plaques as fibrous or lipid-rich on the basis of CT density measurements[38]. CTA can detect 

significant plaque and necrotic core sizes, as well as external vascular remodeling in susceptible plaques. In 

acute coronary events, positively remodeled lesions have patchy calcium deposits and encompass a large soft 

region [< 30 Hounsfield units][8]. 

The appearance of all three features in a plaque meant that the lesion was 95 % likely to be a culprit lesion [39]. 

Contrast enhancement, ring-like, around the coronary lesion has been proposed as a plaque fragility new sign. 

This imaging phenomenon may be due to large necrotic core isolation from the native vessel wall or fibrous 

contents [40,41]. Despite being insensitive, this sign was discovered to be the most strong MDCT characteristic 
linked with TCFA at the culprit location, having  >95% specificity [40]. 

Future advances will enhance MDCT's ability to identify susceptible plaques, such as the utilization of 

multiple energy data sets, the reduction of plaque component attenuation overlap, and visualization of 

histological abnormalities that may be indicative of clinical susceptibility. Additionally, CT has shown 
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promising initial findings in the setting of intra-plaque inflammation molecular imaging utilizing tailored 

nanoparticle contrast agents such as N1177. [42]. 

 

4. THE TECHNIQUE OF CORONARY CT ANGIOGRAPHY AND PLAQUE 

CHARACTERIZATION 

4.1. Data acquisition: 

An MDCT scanner was used to obtain multi-detector computed tomography results. According to the protocol, 

images were obtained with 16 0.75 mm slice collimation, a 420 ms gantry rotation time, a 2.8 mm/rotation table 

feed, a 120 kV tube energy, and a 500 mAs effective tube current [43]. Contrast agent [80 milliliters, 

Iodhexodol 320 g/cm3] was administered intravenously at a rate of 4 ml/s. Metoprolol [5 mg] intravenously was 

given to all patients with a heart rate of 65 beats/min before the MDCT scan. Using an ECG-gated half-scan 

technique, the overlapping transaxial images were reconstructed with an image matrix of 512 512 pixels, a 1 
mm slice thickness, and 0.5 mm increment, resulting in a temporal resolution of 210 ms at the center of rotation. 

The ECG was retrospectively gated during image reconstruction. To reduce motion artifacts, the reconstruction 

window location during the cardiac cycle was optimized on an individual basis. Around 80%–90% of arteries 

have an optimum diastolic window between 55%–65% of the RR interval, according to our experience. Three 

data sets were reconstructed on average for each patient [44]. 

 

4.2. MDCT image evaluation: 

 Using a modified 17-segment coronary artery model, each lesion was classified according to its location [45].  

Readers were provided with the precise location of each lesion site of maximum luminal constriction as assessed 

by quantitative coronary angiography using anatomical landmarks [branches and ostia]. Original axial 

photographs, cross-sectional reconstructions [1-mm thickness], and multiplanar reconstructions perpendicular to 

the vessel centerline were taken at the maximal narrowing of the lumen and at reference sites proximal and 

distal to the lesion in order to assess the lesions. With a fixed setting [700 Hounsfield units [HU] window, 200 

HU level], the images were initially presented at the site of maximal narrowing of the lumen [46]. 

 

4.3. Detection of coronary atherosclerotic plaque: 

 
The atherosclerotic plaque was identified by examining the cross-sectional image at the maximal luminal 

constriction [Fig. 3]. Visual identification of non-calcified and calcified plaque in coronary arteries can be made. 

Any visible structure attributed to the coronary artery wall was identified as non-calcified plaque using 

computed tomography [CT] attenuation in at least two independent planes below the contrast-enhanced 

coronary lumen but above the surrounding connective tissue/epicardial fat [6]. 

 

 
 

Figure. 3. Example of plaque characterization and quantification using a dedicated automated software tool of 

vitreaworkstation. 

 

4.4. Degree of coronary stenosis: 

To maximize sensitivity for calcified atherosclerotic plaque identification, any structure with a CT attenuation of 

130 HU that could be seen independently of the contrast-enhanced coronary lumen was classified as calcified 

atherosclerotic plaque [47]. 

The stenosis degree was determined by the ratio of the luminal area at the maximum stenosis point to the mean 

luminal area at the proximal and distal reference sites [47]. 
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Plaque area and coronary remodelling assessment: 
az 

5. CCTA PLAQUE CHARACTERIZATION: 

5.1. Morphology: 

5.1.1. Composition: 

 

Coronary plaques can be categorized, depending on the calcium quantity in the lesion, as non-calcified, partly 

calcified, or calcified [48]. There was an important impact on mortality with partly calcified or calcified plaque 

[49]. 

 

5.1.2. Criteria of vulnerable plaque:  

5.1.2.1.Low CT attenuation plaques 
The CT distinction between plaques composed mostly of lipid-rich material and plaques composed primarily of 

fibrous material is beneficial for ACS prediction because lesions that result in ACS also have a wide necrotic 

lipid-rich core [50]. 

It was possible to distinguish between calcified plaque components and non-calcified plaque components [46]. 

However, classifying NCPs into lipid-rich and fibrous lesions using CT attenuation values [as assessed by HU] 

remains difficult. Some researchers have conducted comparisons between CCTA plaque assessments and the 

clinical reference standard IVUS and found that lipid-rich plaques have low CT attenuation on average [51]. 

NCPs with a high CT attenuation were correlated with fibrous tissue, whereas those with a low CT attenuation 

were correlated with necrotic core and fibrofatty tissue, as assessed by VH-IVUS. Within plaque styles, 

however, there is a lot of variation in CT values [52]. 

In spite of the fact that fibrous and lipid-rich plaques mean densities differ, the overlap of densities prevented 

NCPs from being reliably subclassified [51,52]. 

As a result, the accurate distinction between fibrous and lipid-rich lesions based only on CT attenuation is 

currently impossible [53]. 

Some of these limitations may be overcome by emerging automated plaque quantification software tools that 

incorporate scan-specific adaptive attenuation threshold settings, thereby enhancing the quantification of plaque 

components using CT numbers. [55,54]. 

Low plaque attenuation was identified as less than 30 HU [Fig. 4], and 88% of ruptured plaques had it, 

compared to 18% of stable lesions [56]. 

 

5.1.2.2 . Napkin-ring sign  

A ruptured or TCFA plaque may be distinguished from a healthy plaque through a broad necrotic core cross-

sectional area [>3.5 mm2][15]. In most plaques prone to rupture, the necrotic core is more than 1.0 mm2. These 
values exceed the CCTA detection limit, enabling individual coronary plaques non-invasive risk assessment 

based on a massive necrotic heart presence or absence [ 57- 59]. 

The napkin-ring sign [NRS] refers to this distinct pattern of plaque attenuation [60]. The NRS is a qualitative 

plaque characteristic defined by the presence of two characteristics in a cross-section of a non-calcified plaque: 

a low-attenuation core zone that seems to be in contact with the lumen and a ring-like region with increasing 

attenuation surrounding this central region [60,61][Fig. 4]. 

NRS was observed in both non-contrast and contrast-enhanced ex vivo CT scans, indicating that the pattern is 

caused by contrast attenuation differences between the broad necrotic core [low CT attenuation in the center] 

and fibrous plaque tissue [ring-like higher attenuation][60]. 

 NRS is quite accurate in detecting advanced coronary plaque and TCFA in CT [61]. A pattern-based plaque 

classification method has been created based on a comprehensive examination of plaque attenuation patterns. It 

categorizes non-calcified plaques as heterogeneous or homogeneous and heterogeneous plaques as non-NRS or 

NRS lesions. [61,62]. 

In TCFA plaques, the NRS was more common than in non-TCFA ones identified by OCT [58]. 

 

5.1.2.3. Positive remodeling 

Because of the impact of positive remodeling, major luminal narrowing is not caused by rupturing-prone 

plaques. Positive remodeling refers to the compensatory vessel wall expansion at the atherosclerotic lesion site 

as the plaque size grows [Fig. 4], preserving the luminal region. [63]. 

The outer vessel wall and lumen dimension can be measured using CCTA [64,65, and 66]. The remodeling 

index is determined by dividing the cross-sectional vessel area at the maximum stenosis site by the average of 

the cross-sectional areas of the proximal and distal reference sections. [65,67]. 

On the basis of IVUS research, for the positive remodeling concept shown by CCTA, a remodeling index 
threshold of 1.1 has been suggested, but some researchers believe the cut-off point is 1.05 or higher [66, 

67]. The remodeling index can now be easily quantified thanks to automated tools [54]. 
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When comparing lesions with positive remodeling to lesions without positive remodeling on CCTA, they had a 

more necrotic heart, larger plaque load, and a greater TCFA prevalence as determined by VH-IVUS [68]. 

Additionally, on comparing TCFA lesions to non-TCFA lesions identified by OCT, the CT-derived remodeling 

index was greater  [58]. 

 

 
 

Figure. 4. MDCT curved multiplanar reconstruction of the right coronary artery [RCA] showed non-calcified 

atherosclerotic plaque [arrow] with LAP, napkin-ring sign, and PR in the mid-segment on coronary CTA. 

 

5.1.2.4. Spotty calcium in plaques 

Coronary calcification as measured by CT is strongly linked to plaque burden and is associated with a poor 

clinical outcome [69]. 

While most acute plaque ruptures in people who die suddenly have some calcification on histopathology, about 

two-thirds of them had microcalcification only, which is undetectable on CT [63]. Spotty calcification is a 

CCTA term that refers to a tiny, thick [>130 HU] plaque segment surrounded by uncalcified plaque tissue. In 

CCTA, the typical cut-off for determining if a minor calcification is spotty is 3 mm. [Fig. 5][70,71]. 
Spotty calcifications have been classified as small [less than 1 mm], intermediate [1–3 mm], and massive 

[greater than 3 mm][72]. Furthermore, ACS culprit lesions are associated with spotty calcification [57,71]. 

Microcalcifications, which have been suggested to be a common characteristic of dysfunctional angina, could be 

detectable with more advancements in CT technology [73]. 

 
 

Figure. 5. MDCT curved multiplanar reconstruction of the left anterior descending artery [LAD] showed a 

mixed atherosclerotic plaque with spotty calcification in the proximal segment on coronary CTA [yellow 

arrow]. 

 
5.2. Functional characteristics: 

Endothelial shear stress [ESS] and other hemodynamic variables are pathologically necessary for atherosclerotic 

plaque spatial localization and growth [63]. 
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When applied to a standard CCTA dataset, CFD may be used to determine ESS-CT and FFR-CT coronary 

maps. [74,75]. 

 

5.2.1. ESS-CT:  

The blood friction against the arterial wall endothelium produces a tangential force, which is known as ESS 

[76]. In low or turbulent flow, gene expression of the endothelial cell starts a proatherogenic cycle. [63]. 

Low ESS over time decreases nitric oxide intake, increases LDL uptake, causes local oxidative stress, and 

stimulates endothelial cell apoptosis, all of which contribute to the development of atherogenic endothelial 

phenotypes and high-risk lesions [77]. 

High shear stress at the plaque stenotic region can trigger pathophysiologic processes that cause plaque rupture 

[78]. 

The segments with a low ESS had a larger plaque area, necrotic core, and constrictive remodeling, whereas 
segments with a high ESS had excessive positive remodeling fibrous,  fibrofatty tissue regression, and greater 

necrotic core indicating a shift to a more susceptible phenotype [79]. 

CCTA might be used to assess the ESS distribution in the major arteries and bifurcation areas [80]. 

 

5.2.2.FFR-CT: 

At the time of the acute case, plaque rupture causes significant luminal narrowing [81,82]. Since there was a 

clear link between inflammatory cytokine activity and FFR, ischemia can play a role in plaque progression and 

destabilization [63]. Furthermore, an exploratory study revealed that unfavorable plaque characteristics seen by 

CCTA, positive remodeling, and low attenuation plaque were significant predictors of ischemia of myocardium 

in obstructive plaques [83]. 

FFR-CT aids in ischemia lesions diagnosis and will almost certainly enhance the sensitivity of CT for detecting 

high-risk lesions. Furthermore, without the need for external imaging, radiation, or medicine, FFR-CT may be 

acquired using CCTA. Additionally, from a single CCTA test, FFR-CT provides a three-vessel FFR, allowing 

 FFR measurements along the coronary tree at any location [84]. 

The capacity to place a stent in a simulated environment and predict functional results based on changes in FFR 

is a novel use of CFD [85]. 

 

 

5.3.Parameters indicate the complexity of PCI: 

Complex PCI procedures may involve the use of high-pressure balloons, buddy wire, kissing balloons, or 

rotablators. Before invasive diagnostics, pre-procedural lesion assessment by CCTA can offer significant extra 

information about the complexity of the lesion, allowing for early stratification of the most effective PCI 

approach. Procedure failure for CTO has been linked to lesion length >15 mm, target vessel tortuosity, and 
extreme calcification as measured by CCTA and unenhanced computed tomography [CT][86,87]. 

When lesions treated with complex PCI are in comparison with those with non-complex therapies, the median 

Agatston score, Hounsfield Units, and median local plaque volume are normally higher. On the other hand, PCI 

complexity had no statistically significant relationship with the degree of stenosis, plaque thickness, side branch 

involvement, or lesion shape. [89]. 

 

6. PLAQUE BURDEN 

In cross-sectional studies, a big plaque volume was related to Acute Coronary Syndrome [ACS]. Quantifying 

non-calcified plaques [NCP] will aid in risk stratification and enhance CCTA predictive value for prospective 

cardiovascular events [90]. 

CT data sets with isotropic spatial resolution, in addition to the ability to describe tissue using CT attenuation, 

allows measuring the total coronary plaque burden and individual plaque components in a manner comparable 

to IVUS results [91,92]. Automated software approaches may now be used to quantify and characterize plaques. 

Automated plaque quantification is ideal because it improves CCTA plaque analysis. The automated coronary 

plaque quantification capability of CCTA has been verified effectively against greyscale IVUS and VH-IVUS. 

[54-64]. 

Due to the fact that the fragile plaques and ruptured culprit lesions are typically large in size when evaluated 

using histology or invasive imaging approaches, it is hypothesized that quantification of CCTA images has the 

potential to gradually improve the risk classification of patients over conventional CCTA readings.  [50]. 

Multiple composite plaque burden scores, as well as CONFIRM and Learman scores, are produced using 

coronary CTA [93]. 

 

7. PREDICTORS OF FINDINGS FOR PRIMARY OUTCOME 
Among the four fundamental plaque features, only spotty calcification, napkin-ring sign, and low attenuation 

were correlated with the primary outcome, but positive remodeling was not. The HRs increased in proportion to 
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the rise in the overall number of distinct plaque features. If two or more distinct characteristics are present, the 

plaque is considered a high-risk plaque [94]. 

 

8. CONCLUSION 

In the modern era, coronary artery disease is the principal cause of mortality. MDCT examination of coronary 

artery disease is a promising non-invasive technique for assessment and plaque characterization. It shares in the 

generation of recommendations of management for better outcomes and prognosis. 
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