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ABSTRACT

With coronary artery disease (CAD) projected to remain the leading cause of global mortality, 
prevention strategies seem to be the only effective approach able to reduce the burden and 
improve mortality and morbidity. At this moment, diagnostic strategies focus mainly on symp-
tomatic patients, ignoring the occurrence of major cardiovascular events as the only manifes-
tation of CAD. As two thirds of fatal myocardial infarction are resulting from plaque rupture, 
an approach based on the “vulnerable plaque” concept is mandatory in order to improve 
patient diagnosis, treatment, and, by default, prognosis. Given that the main studies focus on 
a plaque-centered approach, this is a prospective observational study that will perform a com-
plex assessment of the features that characterize unstable coronary lesions, in terms of both 
local assessment via specific coronary computed tomography angiography markers of coro-
nary plaque vulnerability and systemic approach based on serological markers of systemic 
inflammation in patients proved to be “vulnerable” by developing acute cardiovascular events.
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INTroDUcTIoN

Coronary artery disease (CAD), the most common cause of myocardial isch-
emia, represents a modern “epidemic” health problem worldwide, with severe 
implications in terms of mortality, morbidity, and socioeconomic aspects.1–3 
Given that CAD is projected to remain the leading cause of global mortality, 
prevention strategies seems to be the only effective approach able to reduce 
the burden and improve mortality and morbidity rates.4 At this moment, di-
agnostic strategies focus mainly on symptomatic patients, totally ignoring the 
occurrence of major cardiovascular events as the only manifestation of CAD.5 
Coronary atheroma has shown a great diversity in terms of development and 
progress, demonstrating great variety in growth rate and plaque morphology.6,7 
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In previous studies, coronary plaques prone to rupture 
proved to have individual morphology features compared 
to stable atheromas. In clinical practice, this provides the 
opportunity of early noninvasive imaging identification of 
high-risk patients, even before devastating adverse clinical 
events occur.8,9 As two thirds of fatal myocardial infarc-
tions (MI) and sudden cardiac deaths result from sudden 
luminal thrombosis due to plaque rupture or erosion, de-
fined as transmural fibrous cap rupture, causing lipid-rich 
core exposal to blood stream,5,10–12 the concept of “vulner-
able plaque” has emerged, involving massive efforts as-
signed for its recognition. From this point, substantial re-
sults of large studies and trials sustain the mandatory need 
of an approach based on the “vulnerable” plaque concept, 
in order to improve patient diagnosis, treatment, and, by 
default, prognosis. From a histopathological point of view, 
culprit lesions present large plaque volumes and necrotic 
cores, covered by a thin fibrous cap infiltrated with mac-
rophages,13 small calcifications in the fibrous cap having a 
significant role in plaque instability.14,15 Moreover, vessels 
tend to be positively remodeled at the site of atheroma dis-
ruption.16,17 As the histopathological characteristics of cul-
prit lesions are well established, it has been proposed that 
vulnerable lesions exhibit the same features.18

Despite the considerable ongoing efforts of predicting 
acute coronary events on individual coronary plaque level, 
the identification of high-risk patients remains a challeng-
ing task for cardiovascular imaging technologies.4,19,20

Coronary computed tomography angiography (CCTA) 
has emerged as the best noninvasive imaging modality, 
allowing, besides coronary lumen and calcium content 
evaluation, the noninvasive quantitative analysis of coro-
nary atherosclerotic plaques size and composition,21,22 
information with greater potential in predicting further 
acute coronary events.23–25 Multiple previous studies 
proved all CCTA-derived parameters of plaque charac-
terization as significant and independent predictors of 
future cardiovascular events.26 In these terms, a recent 
CCTA study of non-obstructive CAD, with a follow-up of 
100 months, confirmed positive remodeling, napkin-ring 
sign, increased plaque burden, and the presence of low 
attenuation as being associated with acute coronary syn-
dromes (ACS).27 As reported in large studies, the pres-
ence of multiple high-risk features proved to involve a 
greater-than-additive risk, as the presence of remodeling 
index (RI) and low-attenuation plaques (LAP) involved 
a 22% probability of ACS development over a 27-month 
follow-up, and the presence of three high-risk features 
led to a 60% probability of ACS development in the same 
follow-up time frame.28,29 

Besides noninvasive imaging, diagnostic techniques for 
vulnerable plaque detection include serologic markers, 
as atherosclerosis is known as a chronic immunoinflam-
matory disease.30 From this point of view, inflammation 
has an important impact on the evolution of the athero-
sclerotic process and the progression of coronary le-
sions, commonly related to plaque destabilization, as the 
involvement of inflammatory mechanisms in weakening 
the collagen structure of the “thin-capped fibroatheroma” 
is a widely accepted concept at this moment.22 Of all sys-
temic inflammatory biomarkers, C-reactive protein (CRP) 
proved to be the most frequently used, due to its predic-
tive value for acute cardiovascular events in various sub-
groups of patients, as a series of studies suggested that CRP 
may be considered a culprit in vascular inflammation and 
plaque instability.31 In a meta-analysis, involving 52 stud-
ies and 246,669 patients, the assessment of CRP level in 
patients with intermediate cardiovascular risk was able to 
prevent additional events over a time frame of 10 years.32 
With regard to IL-6, prospective studies proved the asso-
ciation between elevated serum levels in asymptomatic pa-
tients and an increased risk of acute cardiovascular events, 
but IL-6 assessment does not seem to offer any additional 
value to CRP measurement. Matrix metalloproteinases 
(MMPs) proved to be involved in vascular remodeling and 
fibrous cap thinning or rupture, elevated levels being asso-
ciated with future acute cardiovascular events.33 

Therefore, focusing only on plaque characteristics will 
ignore the effects that systemic inflammation processes ex-
ert on plaque stability, as plaque destabilization is a com-
plex process which involves structural features and biolog-
ical processes.10,11 

We present the study design of a prospective, single-
center trial developed with the main purpose of assessing 
the role of CCTA-derived markers of plaque vulnerability 
in the development of acute cardiovascular events dur-
ing a 2-year follow-up, compared to stable atherosclerotic 
lesions. Furthermore, the trial aims to investigate the in-
volvement of serological markers of systemic inflamma-
tion on the rate of major cardiac events in the same time 
frame. 

METhoDS 

Study objectives

The primary objective of the study is to evaluate the fea-
sibility of CCTA-derived vulnerability markers as prog-
nostic features for the development of acute cardiovascu-
lar events in a follow-up period of 2 years. In this regard, 
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coronary plaques with CCTA vulnerability features will be 
compared to stable atheromas in terms of major adverse 
cardiovascular events (MACE) rates. The secondary aim 
consists in assessing of impact of systemic inflammation on 
the rate of acute cardiovascular events, based on the evalu-
ation of serological markers. 

Study population

This trial will be a single-center, prospective study, which 
will include 200 patients referred for CCTA examination 
for chest pain of varying degrees and a probability of CAD 
ranging between 15–85%, in accordance with the recom-
mendations of the current guidelines of the European So-
ciety of Cardiology (ESC).34

Inclusion criteria:

•	patients with suspected CAD, pre-test probability 
of CAD between 15–85%, in whom CCTA identi-
fied >1 significant coronary lesion;

•	age >18 years; 
•	  willingness to participate in the study.

Exclusion criteria:

•	documented CAD, ACS, percutaneous coronary 
intervention (PCI) or bypass grafting;

•	moderate or severe valvular heart disease;
•	unstable hemodynamic condition;
•	cardiac arrhythmia;
•	Agatston coronary artery calcium score (CAC) 

>2,000;
•	non-diagnostic CCTA image quality;
•	known allergy to contrast agents; 
•	 life expectancy under 2 years;
•	chronic kidney disease. 

Study groups 

Two hundred patients, eligible according to the selection 
criteria, will be included in two study groups based on 
the CCTA analysis: group 1 – patients with plaques pre-
senting CCTA-derived markers of vulnerability; group 2 
– patients without any marker of vulnerability. In patients 
with myocardial infarction developed during the follow-
up time, a second CCTA evaluation will be performed at 
2 years from the baseline assessment. These patients will 
be divided into two subgroups based on the number of 
CCTA-derived markers of vulnerability, as follows: group 

1A – patients with 1–2 markers of vulnerability; group 1B 
– patients presenting >2 markers of vulnerability. 

Study procedures 

CCTA scan protocol

CCTA will be performed using a CT-scanner with 128-mul-
tislice dual source (Somaton definition, Siemens Health-
care, Germany), with the following scan parameters: 120 
kV tube voltage, gantry rotation time of 0.33 s, 128 × 0.6 
collimation, with patients in inspiratory breath-hold posi-
tion, following the same protocol. All examinations will be 
performed at a stable heart rate below 60 beats/minute af-
ter the administration of an oral beta-blocker. CAC will be 
assessed during the pre-contrast scan, and a CAC >2,000 
will be considered exclusion criteria, as intense calcifica-
tions will alter CCTA acquisitions. During an inspiratory 
breath-hold, 80–100 mL of iodinated contrast agent (Ul-
travist 370 mgI/mL, Bayer Healthcare, Germany) will be 
administered according to the patient’s body weight, with 
a flow rate of 5.5 mL/s, followed by 50 mL of 0.9% saline 
solution at the same flow rate. 

Analysis of CCTA

All CCTA acquisitions will be transferred to a Siemens 
(Siemens AG, Erlangen, Germany) workstation for data 
processing, measurements, and interpretation, using the 
QAngioCT RE (Medis, Leiden. Netherlands) dedicated 
software. Based on current recommendations, coronary 
arteries with at least 2 mm in lumen will be assessed by 
a 17-segment model. The quantitative assessment of ath-
erosclerotic lesions will contain atheroma length, athero-
ma, vessel, and lumen volume, and minimal luminal area. 
Plaque composition assessment will involve the determi-
nation of calcified and non-calcified (lipid-rich and fibrot-
ic) components. Qualitative plaque analysis will include 
spotty calcifications, positive remodeling, low attenuation 
core, and napkin-ring sign. 

Study definitions

In terms of stenosis severity, plaques will be divided in ob-
structive (stenosis >50%) and non-obstructive (stenosis 
<50%). Based on CT density, plaques will be classified in 
non-calcified (density <30 HU, lipid cores), calcified (den-
sity >220 HU), mixed (non-calcified plaques presenting 
small amounts of calcified elements), and fibrous plaques 
(density 30–150 HU). Lesions with a low-density core (at-
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tenuation <30 HU) and volume larger than 6 mm3 will be 
considered LAP. The RI will be defined as the ratio be-
tween vessel diameter at the plaque site and a reference di-
ameter. Positive remodeling will be considered in the pres-
ence of a RI >1.1. The napkin-ring sign will be considered 
in the presence of a lesion core presenting low attenuation, 
surrounded by a rim-like area of high attenuation. Spotty 
calcification will be considered at a size <3 mm (with den-
sity >130 HU). 

Study timeline 

This clinical study will be conducted between October 
2019 and May 2020, with a further 2-year follow-up period, 
as shown in the study protocol (Figure 1). 

Screen – Visit 1

•	checking for inclusion/exclusion criteria; 

FIGURE 1. Study protocol. CAD – coronary artery disease; CCTA – coronary computed tomography angiography; MACE – major ad-

verse cardiovascular events; AMI – acute myocardial infarction; MMPs – matrix metalloproteinases; hs-CRP – high-sensitivity C-reactive 

protein; IL-6 – interleukin 6

PRIMARY ENDPOINT

MACE rate during the follow-up period
nonfatal MI
repeated revascularization
nonfatal stroke
sudden cardiac death

SECONDARY ENDPOINT

association of systemic inflammation to 
the process of plaque destabilization

SCREENING

200 eligible patients

pre-test probability of CAD between 15–85%

CORONARY COMPUTED TOMOGRAPHY ANGIOGRAPHY

plaque vulnerability markers

ENDPOINT

Baseline assessment (Visit 101 – D1)

obtaining the informed consent
demography, relevant medical history, CV risk factors assessment

12-lead ECG assessment
physical exam (height, weight, vital signs)

complete laboratory evaluation
hsCRP, IL-6, MMPs

Final assessment (Visit 105 – M24)

endpoint evaluation

CCTA evaluation for patients with AMI in the follow-up period

Presence 

of plaque 

vulnerability 

markers

Visit 102 – M6

Visit 103 – M12

Visit 104 – M18

Absence 

of plaque 

vulnerability 

markers

RANDOMIZATION
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Visit 101 – D1

•	obtaining the informed consent;
•	CCTA scanning and post-processing;
•	demography, relevant medical history, CV risk fac-

tors assessment;
•	12-lead ECG assessment;
•	physical exam (height, weight, vital signs);
•	complete laboratory evaluation;
•	hsCRP, IL-6, MMPs.

Visit 102 – M6

•	12-lead ECG assessment; 
•	physical exam (height, weight, vital signs);
•	 relevant medical history;
•	MACE.

Visit 103 – M12

•	12-lead ECG assessment;
•	physical exam (height, weight, vital signs);
•	 relevant medical history;
•	MACE.

Visit 104 – M18

•	12-lead ECG assessment; 
•	physical exam (height, weight, vital signs);
•	 relevant medical history;
•	MACE.

Visit 105 – M24

•	12-lead ECG assessment;
•	physical exam (height, weight, vital signs);
•	CCTA for AMI patients;
•	endpoint assessment. 

Data analysis

The analyses will be performed with GraphPad Prism 8 
(GraphPad Software, San Diego, CA) at a level of signifi-
cance of 5%. Normality tests will be applied for all study 
data. Continuous variables will be summarized as mean 
± SD and categorical variables as percentages/frequen-
cies. The Chi-square test will be performed in order to 
compare categorical variables. The Mann-Whitney U 
test or independent-samples t test will be used for group 
comparisons. All statistical tests will be two-tailed, and 

a p value <0.05 will be assigned to determine statistical 
significance. 

Ethics

This study will be carried out in accordance with the code 
of ethics of the World Medical Association (Declaration of 
Helsinki). The study protocol was approved by the local in-
stitutional Ethics Committee. Individual informed consent 
will be signed by each study participant. 

Outcome assessment

The primary outcome of the study will be represented by 
MACE rates during the follow-up time. MACE will be de-
fined as: nonfatal myocardial infarction, repeated revas-
cularization, nonfatal stroke, and sudden cardiac death. 
Secondary outcome refers to the association of systemic 
inflammation to the process of plaque destabilization, 
leading to acute cardiovascular events.

DIScUSSIoNS 

This study design describes the protocol for a prospective, 
single-center trial developed with the main purpose of as-
sessing the feasibility of CCTA-derived markers of plaque 
vulnerability as prognostic features in the development 
of acute cardiovascular events during a 2-year follow-up, 
compared to stable atherosclerotic lesions, in patients 
referred to CCTA evaluation. In this regard, coronary 
plaques with CCTA vulnerability features will be com-
pared to stable atheromas in terms of MACE rate. 

As large studies reported plaque rupture as the substrate 
for ACS development in at least two thirds of patients,35–37 
the “vulnerable plaque” concept has emerged straight 
away, with massive efforts assigned for its recognition. 
From this point, substantial results of studies and trials 
sustain the mandatory need of an approach based on the 
“vulnerable” plaque concept in order to improve patient 
diagnosis, treatment, and, by default, prognosis. Based on 
previous work, a series of vulnerability features were es-
tablished on the basis of autopsy findings in culprit lesions, 
criteria considered to be sufficient and unambiguous for 
the definition of high-risk plaque. These features are rep-
resented by the presence of active inflammation, thin cap 
fibroatheroma, fissured plaque, calcified nodule, intra-
plaque hemorrhage, and positive remodeling process. As 
the histopathological characteristics of culprit lesions are 
well established, it was presumed that vulnerable lesions 
exhibit the same features.18
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Despite the considerable ongoing efforts to predict 
acute coronary events on individual coronary plaque level, 
the identification of high-risk patients remains a challeng-
ing task for cardiovascular imaging technologies.4,19,20 Of 
these, CCTA has emerged as the best noninvasive imag-
ing technique in plaque vulnerability assessment, multiple 
previous studies proving all CCTA-derived parameters 
of plaque characterization as significant and independent 
predictors of future cardiovascular events.26 From CCTA 
assessment, at this moment, coronary lesions are most 
commonly characterized as prone to rupture when pos-
sessing large lipid cores with low attenuation and thin ad-
luminal fibrous caps. 

In a prospective trial conducted by Motoyama et al. 
in 1,059 subjects, followed over a period of 2 years after 
CCTA assessment, positive remodeling and low attenu-
ation proved to be specific plaque parameters associated 
with increased risk of plaque rupture and development 
of ACS.28 Another retrospective study identified a signifi-
cantly higher incidence of positive remodeling, low densi-
ty plaque components, and spotty calcifications in culprit 
lesions, all of these features being significant predictors for 
ACS.38 In a study conducted by Yamagishi et al. although at 
the time of initial evaluation the lumen area was preserved, 
coronary culprit plaques exhibited larger plaque volume, 
with eccentric plaque distribution and echolucent zones 
in the proximity of luminal surface,39 this marker proving 
to be the lipid-rich core, in which metalloproteinases were 
associated with fibrous cap erosion.40 These results prove 
that eccentric plaque distribution involves a higher degree 
of vulnerability than concentric lesions.41–43 Another as-
pect of the presence of rich lipid-core was confirmed by 
necropsy studies, in which the size of plaque area proved 
to be less significant than the presence of lipid-rich core.44 
While a series of studies have demonstrated the presence of 
lipid-rich atheroma with very low CT densities (<30 HU)  
in culprit lesions as a marker of vulnerability, there is an 
almost total lack of quantitative assessment of this compo-
nent.45,46 A previous study reported larger volumes of low-
density lipid-rich cores in unstable plaques, with a critical 
plaque volume of 6.0 mm3 and CT density <30 HU as a 
cut-off value for differentiation between culprit and non-
culprit lesions. Besides atheroma composition, a series of 
morphological characteristics provide prognostic infor-
mation about plaque vulnerability. The napkin-ring sign, 
characterized by a plaque core with low attenuation sur-
rounded by a rim-like area of higher attenuation, proved to 
be a surrogate CT-derived marker of precursor lesions for 
rupture, independent of other CCTA features.29 Surpris-
ingly, in a prediction CCTA study, Otsuka et al. identified 

the napkin-ring sign in 41% of ACS events, an even higher 
incidence compared with intravascular ultrasound inves-
tigations.29 

In this context, the present study will evaluate the feasi-
bility of CCTA-derived markers of vulnerability and struc-
tural component parameters as predictive features for fur-
ther acute cardiovascular events. As the ability to identify 
“vulnerable” plaques involves major clinical implications, 
these results may allow the selection of high-risk patients 
for aggressive risk factor interventions in order to reduce 
morbidity and mortality.47 

With the widespread adoption in the literature of the 
notion that structural plaque features alone can define 
plaque vulnerability, most efforts have been directed to-
ward correlating imaging features with specific morpholo-
gies, leaving aside systemic inflammation and its impact on 
plaque vulnerability. 

As a secondary objective, the trial aims to investigate 
the impact of serological markers of systemic inflamma-
tion on the rate of major cardiac events in the same time 
frame. A series of studies have suggested the involvement 
of systemic inflammation, as assessed by C-reactive pro-
tein, in the development of ACS.48 The main concept relies 
on inflammatory mechanisms as regulators of defective 
structural stability, combined with the thrombogenic po-
tential of the lipid core. As this concept is widely accept-
ed, however, inflammation may not be responsible for all 
acute thrombotic events, as one large study has shown that 
almost half of ACS developed in the absence of high lev-
els of CRP.49 Moreover, a recent OCT study demonstrated 
that in one-third of patients with ACS and plaque rupture, 
there was a lack of inflammatory cell infiltration, with nor-
mal levels of CRP.50 

Despite the recent considerable improvement of im-
aging techniques’ ability to visualize and assess coronary 
plaques, we are still facing a plaque‐centered approach, 
mainly focused on the precise description of a still frame 
of the atheroma configuration, not the continuous and 
variable interaction with its surroundings. Therefore, this 
study’s main contribution is to incorporate both CCTA-
derived vulnerability markers and serum biomarkers of 
systemic inflammation in a complex and complete local 
and systemic assessment of the patient proved to be “vul-
nerable” by developing acute cardiovascular events. 

coNclUSIoNS

In conclusion, this will be the first study that will perform a 
complex assessment of features that characterize unstable 
coronary lesions, in terms of both local assessment via spe-
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cific CCTA markers of coronary plaque vulnerability and 
a systemic approach based on serological markers of sys-
temic inflammation.
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