
JO

URN
AL

O
F

CA
RDIOVASCULAR EMERG

EN
C

IES

Journal of Cardiovascular Emergencies 2018;4(2):84-94

ORIGINAL RESEARCH

Morphological Features and Plaque Composition 
in Culprit Atheromatous Plaques of Patients 
with Acute Coronary Syndromes
Tiberiu Nyulas1,2, Emese Marton2, Victoria Ancuta Rus3, Nora Rat1,2, Mihaela Ratiu4, 
Theodora Benedek1,2, Imre Benedek1,2

1 Clinic of Cardiology, University of Medicine and Pharmacy, Tîrgu Mureș, Romania
2 Cardiac Critical Care Unit, Clinic of Cardiology, County Clinical Emergency Hospital, Tîrgu Mureș, Romania
3 Department of Biostatistics and Informatics, University of Medicine and Pharmacy, Tîrgu Mureș, Romania
4 Biostatistics Center of Advanced Research in Multimodal Cardiac Imaging, Cardio Med Medical Center, Tîrgu Mureș, Romania

Tiberiu Nyulas: Str. Gheorghe Marinescu nr. 38, 540139 Tîrgu Mureș, Romania. Tel: +40 215 551, E-mail: tiberiu.nyulas@gmail.com
Victoria Ancuta Rus: Str. Gheorghe Marinescu nr. 38, 540139 Tîrgu Mureș, Romania. Tel: +40 215 551, E-mail: victoriarus91@yahoo.com
Mihaela Ratiu: Str. Gheorghe Marinescu nr. 38, 540139 Tîrgu Mureș, Romania. Tel: +40 215 551, E-mail: d_a_mihaela@yahoo.com
Nora Rat: Str. Gheorghe Marinescu nr. 38, 540139 Tîrgu Mureș, Romania. Tel: +40 215 551, E-mail: ratnora@gmail.com
Theodora Benedek: Str. Gheorghe Marinescu nr. 38, 540139 Tîrgu Mureș, Romania. Tel: +40 215 551, E-mail: theodora.benedek@gmail.com
Imre Benedek: Str. Gheorghe Marinescu nr. 50, 540136 Tîrgu Mureș, Romania. Tel: +40 265 212 111, E-mail: imrebenedek@gmail.com

ABSTRACT

Background: The independent role of each plaque feature in relation to plaque vulnerability 
is still the subject of ongoing research. This study aimed to compare the morphologic charac-
teristics of vulnerable atheromatous coronary plaques with the ones of stable, non-vulnerable 
plaques, and in plaques with different locations in the coronary tree, in order to identify the 
most relevant imaging-based biomarkers associated with coronary plaque vulnerability. Mate-
rial and methods: This was a prospective observational, non-randomized study that included 
50 patients with unstable angina who underwent computed tomography angiography for as-
sessment of the entire coronary artery tree followed by complex morphologic analysis of all 
lesions, divided into two groups: group 1 – 25 patients with vulnerable plaque (VP) and group 
2 – 25 age- and gender-matched patients with non-vulnerable plaque (NVP). Results: Lesions 
with a stenosis degree >70% were significantly longer than those with a stenosis degree <70% 
(8.27 ± 2.74 mm vs. 5.56 ± 4.11 mm, p = 0.04). VP presented significantly higher values of plaque 
thickness (p = 0.0005), plaque burden (p = 0.0004), and higher total plaque volume (p = 0.0005) 
than NVP. The remodeling index was not significantly different between the groups (p = 0.6), 
but the eccentricity index was (0.24 ± 0.14 compared to 0.14 ± 0.17, p = 0.023). Linear regression 
analysis revealed a significant correlation between plaque burden and plaque components in VP 
(r = 0.76, p <0.0001 for necrotic core; r = 0.62, p = 0.0008 for fibro-fatty tissue; and r = 0.5, p 
= 0.01 for fibrotic tissue volume). Culprit plaques located in the right coronary artery presented 
significantly larger plaque burden volumes (91.17 ± 4.88 mm3 vs. 83.35 ± 8.47 mm3, p = 0.04), 
larger volumes of necrotic core (82.03 ± 47.85 mm3 vs. 45.84 ± 43.72 mm3, p = 0.02) and fibro-
fatty tissue (53.23 ± 31.92 mm3 vs. 23.76 ± 20.90 mm3, p = 0.02) than the ones situated in the left 
coronary artery. Conclusions: VPs from the culprit lesions exhibit a different phenotype than 
non-vulnerable ones, and vulnerability features are present in a significantly larger extent in 
VPs from the right coronary artery as compared to those from the left coronary artery.
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INTRODUCTION

Acute coronary syndromes (ACSs) continue to represent 
a major cause of mortality worldwide, being responsible 
for the highest number of deaths in developed countries.1,2 
In most of the cases, ACSs are produced by the rupture or 
the erosion of a coronary plaque, an atheromatous lesion 
that becomes suddenly unstable. The lesion that caused 
an acute coronary event is called “the culprit lesion”, in 
order to be differentiated from other co-existing lesions 
present in the coronary tree, with a more stable pheno-
type, which are not responsible for the ACS.3–8 

It has been well demonstrated that transformations 
of plaque composition into a more vulnerable phenotype 
precedes plaque rupture.8 This fact has a tremendous 
clinical relevance, as plaque composition can be easily as-
sessed nowadays, due to the significant advances in imag-
ing technologies. The identification of a vulnerable plaque 
(VP) in the coronary arteries can serve for the timely ini-
tiation of different strategies to prevent plaque progres-
sion, rupture, or erosion, either by using interventional 
treatment, or by initiating optimum medical therapy.9,10

Image-based characterization of a VP is based on the 
identification of features of vulnerability inside the plaque, 
features that have been described to be associated with 
plaque transformation into a phenotype more exposed 
to rupture. These features include a large plaque burden 
(PB), the presence of a large necrotic core (NC), positive 
remodeling (PR), the presence of napkin-ring sign (NR), 
spotty calcifications (SC), low density atheroma, the ac-
cumulation of macrophages, or a thin fibrous cap.11,12 All of 
these features have been demonstrated to be more present 
in lesions causing an acute coronary event as compared to 
more stable lesions, being also associated with a higher 
rate of major cardiac events.8,13–17

The complex process of atheromatous plaque vulner-
abilization can be assessed by using invasive techniques 
such as intravascular ultrasound (IVUS) or optical coher-
ence tomography (OCT), or by noninvasive techniques, 
mainly represented by computed tomography angiogra-
phy (CTA).17–21

The current techniques of multislice CTA allow high-
quality noninvasive visualization of plaque features. A sig-
nificant volume of plaque with low density, a high PB, the 
presence of SC, active remodeling, and the NR sign inside 
the plaque have been identified as the main CTA-based 
characteristics associated with plaque vulnerability.13,17

Plaque vulnerability results from complex pathophysi-
ological mechanisms that lead to changes in plaque struc-
ture and morphology. In unstable coronary arteries, the 

percentage of “unstable components”, such as fatty tis-
sue and NC, increase, while the amount of “stable com-
ponents”, such as fibrous tissue or calcified tissue, tend 
to decrease so that the fibrous cap becomes thinner and 
predisposed to rupture, triggering the sudden develop-
ment of intra-coronary thrombosis and acute myocardial 
infarction.3,4,13,22

However, according to the authors’ knowledge, the in-
dependent role of each plaque feature in relation to the 
others has not been clearly demonstrated and is still the 
subject of ongoing research. At the same time, the role of 
the anatomic location of the culprit lesions in favoring 
plaque vulnerabilization at this level has not been dem-
onstrated so far. 

The aim of the study was to compare the morpholog-
ic characteristics of vulnerable atheromatous coronary 
plaques with the ones of stable, non-vulnerable plaques 
(NVP) and of plaques with different locations in the coro-
nary tree, in order to identify the most relevant imaging-
based biomarkers associated with coronary plaque vul-
nerability. 

MATERIAL AND METHODS

This was a prospective observational, non-randomized 
study including 50 patients with unstable angina who un-
derwent CTA for assessment of the entire coronary artery 
tree, followed by the complex morphologic analysis of all 
coronary atherosclerotic lesions.

The inclusion criteria were: age over 18 years and di-
agnosis of unstable angina, defined as typical chest pain 
with ischemic ECG changes and no elevation of serum tro-
ponin. Patients with acute myocardial infarction were ex-
cluded from the study, as they were immediately referred 
to the cath lab for urgent revascularization. Patients with 
contraindication to contrast media administration and 
those with hemodynamic instability requiring intravenous 
inotropes were also excluded from the study. 

Computed tomography analysis

Imaging acquisition was performed using a multislice 
64 Somatom Sensation CT equipment (Siemens, Erlan-
gen, Germany) with dynamic administration of 100 mL 
of contrast agent at a speed of 5 mL/s, followed by the 
administration of 100 mL of saline solution. All examina-
tions were performed at a heart rate lower than 60 beats 
per minute. In patients with higher heart rates, intrave-
nous beta blockers were administered to achieve the de-
sired heart rate. Images obtained were analyzed using a 
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dedicated software for quantification of plaque compo-
nents: QAngioCT RE software (Medis, Leiden, The Neth-
erlands), which allowed the quantification of different 
plaque features. 

Lesion severity was estimated on the basis of degree of 
luminal narrowing, lesion length, luminal mean diameter, 
minimum luminal area, and plaque thickness. 

The morphologic assessment included the calculation 
of plaque volume, mean plaque burden, plaque burden 
volume, remodeling index, and eccentricity index. 

Plaque composition was assessed by the determination 
of NC, fibro-fatty tissue (FFT), fibrous tissue (FT), and 
dense calcium (DC), which were computed and calculated 
using both the volumetric method and the planimetric 
method at the site of maximum luminal narrowing. 

plaque ClassifiCation and study groups

The classification of plaque type (vulnerable or non-vul-
nerable) was based on the assessment of classically de-
scribed vulnerability features: low attenuation plaque, PR, 
the presence of SC, NR sign. Plaques which exhibited at 
least one feature of vulnerability were classified as VP, 
while plaques in which none of the above mentioned fea-
tures was identified, were classified as NVP. 

Culprit lesions, defined as the lesions responsible for 
causing the angina symptoms, were identified in correla-
tion with the location of ischemia, which was assessed in 
correspondence with the location of ST segment/T wave 
changes on the surface ECG or the location of contractility 
disorders at the imaging stress test. Culprit lesions were 
defined as the coronary plaques located in the coronary 
segment that irrigates the ischemic area. 

Patients were divided into two groups, according to the 
type of atheromatous plaque in the culprit lesion. Group 1 
included 25 patients with vulnerable atheromatous plaque 
and group 2 included 25 age- and gender-matched pa-
tients with non-vulnerable atheromatous plaque.

ethiCs

The study protocol was conducted with the approval of 
the Ethics Committee of the institution, and all patients 
were informed about the purpose of the study and confi-
dentiality of the data, and gave written informed consent. 
All study procedures have been carried out in accordance 
with the code of ethics of the World Medical Association's 
Declaration of Helsinki.

statistiCal analysis

Statistical analysis was performed using Graph Pad In-
Stat 3.10 software (GraphPad Software, Inc., San Diego, 
USA). Continuous variables are presented as mean ± 
standard deviation, while categorical variables are ex-
pressed as numbers and percentages. We used the un-
paired Student`s t-test for normally distributed con-
tinuous variables and the Mann-Whitney test for 
non-normally distributed continuous variables. The chi 
square exact test was used for comparison of categorical 
variables, and logistic regression analysis was performed 
to investigate the association between different features 
of VP and NVP in the culprit lesions. The statistical sig-
nificance threshold was set at p ≤0.05, and all statistical 
tests were 2-sided.

TABLE 1. Baseline characteristics of the study groups 

Total
(n = 50)

Group 1 
VP (n = 25)

Group 2 
 NVP (n = 25)

p value

Age (years) 61.68 ± 11.53 (58.40-64.96) 63.76±11.39 (59.06-68.46) 59.60±11.52 (54.84-64.36) 0.41

Male gender (n, %) 37 (74%) 15 (60%) 22 (88%) 0.31

Hypertension (n, %) 35 (70%) 19 (76%) 16 (64%) 0.46

Dyslipidemia (n, %) 32 (64%) 15 (60%) 17 (68%) 0.62

Smoking status (n, %) 19 (38%) 14 (56%) 5 (20%) 0.34

Diabetes mellitus (n, %) 18 (36%) 7 (28%) 11 (44%) 0.32

Triglycerides (mg/dL) 164.5 ± 86.14 (140.1–189.0) 146.72 ± 74.15 (116.11–177.34) 182 ± 94.82 (143.20–221.48) 0.15

Total cholesterol (mg/dL) 164.5 ± 86.14 (193.4–216.0) 208.52 ± 37.69 (192.96–224.08) 200.9 ± 41.99 (183.59–218.25) 0.46

Creatinine (mg/dL) 1.030 ± 0.44 (0.90–1.15) 1.01 ± 0.5 (0.81–1.22) 1.04 ± 0.39 (0.88–1.20) 0.55

Urea (mg/dL) 41.43 ± 24.99 (34.33–48.54) 45.00 ± 32.86 (31.43–58.57) 37.86 ± 12.96 (32.50–43.22) 0.62

Glycemia (mg/dL) 151.8 ± 79.47 (129.2–174.4) 127.68 ± 39.59 (111.33–144.03) 175.92 ± 100.56 (134.41–217.43) 0.07
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RESULTS

The general and biochemical characteristics of the study 
population are presented in Table 1. There were no sta-
tistically significant differences between the two study 
groups in relation to age (p = 0.4), gender (p = 0.3), car-
diovascular risk factors: smoking status (p = 0.3), hyper-
tension (p = 0.4), obesity (p = 0.2), dyslipidemia (p = 0.6), 
and serum levels of triglycerides (p = 0.1), total cholesterol 
(p = 0.4), creatinine (p = 0.5), and urea (p = 0.6). Interest-
ingly, patients with NVP had a higher frequency of diabe-
tes (44% vs. 28%, p = 0.3) and had higher levels of fasting 
glucose than group 1 (127.68 ± 39.59 mg/dL vs. 175.92 ± 
100.56 mg/dL, p = 0.07), but these differences were not 
statistically significant. 

severity of Culprit Coronary lesions

The results of CTA analysis are presented in Table 2. CT 
analysis post-processing did not reveal any significant 
difference between VP and NVP in respect to the severity of 
stenosis and the length of the lesion, both types exhibiting 
a similar anatomic pattern (p = 0.7 for degree of stenosis 

and p = 0.1 for lesion length) (Figure 1A). However, lesions 
with a stenosis degree >70% were significantly longer than 
those with a stenosis degree <70% (8.27 ± 2.74 mm vs.  
5.56 ± 4.11 mm, p = 0.04) (Figure 1B). Luminal area and in-
traluminal maximum diameter were also not significantly 
different between the two groups (p = 0.7 for both).

Despite the similar degree of anatomic severity, VP 
presented significantly higher values of plaque thick-
ness. Both minimal and maximal thickness of the cul-
prit VP were significantly higher than the ones of NVP  
(0.77 ± 0.59 mm vs. 0.29 ± 0.34 mm, p = 0.0005 for minimal 
plaque thickness and 3.05 ± 0.91 mm vs. 2.28 ± 0.59 mm,  
p = 0.001 for maximal plaque thickness).

morphologiC CharaCteristiCs of 
Culprit Coronary plaques 

Compared to non-vulnerable coronary lesions, vulner-
able coronary plaques presented significantly larger ath-
eromatous burden than non-vulnerable ones. The mean 
plaque burden was 74.9 ± 8.7% in group 1 and 65.7 ± 
8.3% in group 2 (p = 0.0004), while the total plaque vol-

TABLE 2. CT characteristics of vulnerable vs. non-vulnerable plaques in culprit lesions 

Total
(n = 50)

Group 1 
VP (n = 25)

Group 2 
 NVP (n = 25)

p value

Lesion severity

% stenosis (%) 57.81 ± 18.22 (52.63–18.22) 58.49 ± 18.51 (50.85–66.13) 57.11 ± 18.28 (49.57–64.66) 0.79

Lesion length (mm) 6.15 ± 3.99 (5.02–7.29) 6.80 ± 3.86 (5.20–8.39) 5.51 ± 4.09  (3.82–7.20) 0.16

Lumen area (mm2) 57.81 ± 18.22 (52.63–62.98) 58.49 ± 18.51 (50.85–66.13) 57.11 ± 18.28 (49.57–64.66) 0.79

Lumen mean diameter (mm) 36.64 ± 17.47 (32.53–40.75) 37.22 ± 14.80 (31.11–43.34) 36.05 ± 14.40 (31.11–42.00) 0.77

Minimal Plaque Thickness (mm) 0.53 ± 0.54 (0.38–0.69) 0.77 ± 0.59 (0.53–1.02) 0.29 ± 0.34 (0.15–0.43) 0.0005

Maximal Plaque Thickness (mm) 2.66 ± 0.85 (2.42–2.91) 3.05 ± 0.91 (2.67 ± 3.42) 2.28 ± 0.59  (2.03–2.52) 0.001

Morphologic assessment

Plaque volume (mm3) 99.46 ± 107.3 (68.96–130.0) 146.22 ± 126.39 (92.83–199.60) 58.55 ± 62.19 (32.88–84.23) 0.0005

Mean plaque burden (%) 70.38 ± 9.66  (67.63–73.12) 74.99 ± 8.74  (71.38–78.60) 65.75 ± 8.35  (62.31–69.20) 0.0004

Plaque burden volume (mm3) 82.05 ± 9.61  (79.32–84.78) 85.23 ± 8.39  (81.76–88.69) 78.86 ± 9.85  (74.79–82.93) 0.01

Remodeling index 0.96 ± 0.12  (0.92–0.99) 0.95 ± 0.12  (0.12–1.00) 0.96 ± 0.13  (0.13–1.02) 0.61

Eccentricity index 0.19 ± 0.84  (0.76–0.85) 0.24 ± 0.86  (0.70–0.82) 0.14 ± 0.83  (0.78–0.93) 0.02

Plaque components – volumetric assessment

Necrotic core tissue volume (mm3) 28.68 ± 41.74 (16.82–40.54) 54.52 ± 46.46 (35.34–73.70) 2.72 ± 2.54  (1.78–3.88)  <0.0001

Fibrofatty tissue (mm3) 17.47 ± 23.07 (10.91–24.03) 30.82 ± 26.55 (19.87–41.79) 4.10 ± 3.11  (2.8–5.39)  <0.0001

Fibrotic tissue volume (mm3) 28.08 ± 26.43 (20.57–35.59) 37.44 ± 32.47 (24.04–50.85) 18.71 ± 13.73 (13.04–24.38) 0.01

Dense calcium volume (mm3) 25.79 ± 43.66 (13.38–32.20) 13.06 ± 22.04  (3.96–22.1) 38.51 ± 55.39 (15.64–61.38) 0.0007

Plaque components – planimetric assessment

Necrotic core area (mm2) 4.5 ± 5.4 (2.96–6.04) 8.37 ± 5.32  (6.17–10.56) 0.62 ± 0.66  (0.35–0.90)  <0.0001

Fibrofatty tissue area (mm2) 2.62 ± 2.69  (3.89–5.42) 4.39 ± 2.80  (3.23–5.55) 0.84 ± 0.61  (0.59–1.1)  <0.0001

Fibrotic tissue area (mm2) 4.65 ± 2.68  (3.89–5.42) 5.52 ± 3.27 (4.17–6.87) 3.79 ± 1.57  (3.13–4.44) 0.02

Dense calcium area (mm2) 3.93 ± 4.51  (2.65–5.21) 1.72 ± 3.08  (0.44–2.99) 6.14 ± 4.68  (4.21–0.08)  <0.0001
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FIGURE 1. Severity of culprit lesions in coronary atheromatous plaques 

FIGURE 2. Morphologic characteristics of culprit lesions in vulnerable vs non-vulnerable coronary plaques
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ume was almost three times higher in VP than in NVP 
(146.2 ± 126.3 mm3 vs. 58.5 ± 62.1 mm3, p = 0.0005). In-
terestingly, the remodeling index was not significantly 

different between the groups (p = 0.6), but the eccen-
tricity index was (0.24 ± 0.14 compared to 0.14 ± 0.17, p 
= 0.023) (Figure 2).

FIGURE 3. Plaque components in culprit lesions. a – volumetric assessment; B – planimetric assessment
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The most significant difference between the study 
groups was recorded in relation to plaque components. 
Compared to plaques without features of vulnerability, 
VP exhibited significantly larger volumes of NC (20 times 
higher than non-vulnerable ones), FFT (7 times high-
er than non-vulnerable ones), and FT volumes (2 times 
higher than non-vulnerable ones). Opposite, the amount 
of DC volume was significantly higher in NVP (p = 0.0007 
for DC volume and p <0.0001 for DC area) (Figure 3).

Linear regression analysis revealed a significant cor-
relation between plaque burden and plaque components 

in VP (r = 0.76, p <0.0001 for NC; r = 0.62, p = 0.0008 for 
FFT; and r = 0.5, p = 0.01 for FT volume). However, this 
correlation was not relevant for NVP (r = 0.24, p = 0.2 for 
NC; r = 0.26, p = 0.2 for FFT; and r = 0.46, p = 0.01 for FT 
volume) (Figure 4).

anatomiC CharaCteristiCs of Culprit 
atheromatous plaques

Culprit plaques located in the right coronary artery 
presented significantly larger plaque burden volumes 

FIGURE 4. Correlation between total plaque burden and several plaque components in vulnerable plaques 
(a) and non-vulnerable plaques (B)
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than those located in the left coronary artery (91.17 ± 
4.88 mm3 vs. 83.35 ± 8.47 mm3, p = 0.04). At the same 
time, culprit plaques located in the right coronary artery 
exhibited larger volumes of NC (82.03 ± 47.85 mm3 vs. 
45.84 ± 43.72 mm3, p = 0.02) and FFT (53.23 ± 31.92 mm3 
vs. 23.76 ± 20.90 mm3, p = 0.02) than the ones situated 
in the left coronary artery (Table 3). The remodeling in-
dex was not significantly different between the two cor-
onary artery lesions (p = 0.7), but the eccentricity index 
was (0.37 ± 0.85 compared to 0.20 ± 0.89, p = 0.007) 
(Figure 5).

DISCUSSION

The composition of an atheromatous plaque plays a cru-
cial role in the complex process of plaque progression and 
vulnerabilization. In an IVUS-based analysis, the PROS-
PECT study clearly demonstrated that the most powerful 
predictor of future cardiac events is represented by the 
atheromatous plaque burden.23 However, plaque progres-
sion is difficult to evaluate using IVUS, due to the invasive 
nature of this investigation. CTA could represent an effec-
tive tool for the repeated assessment of plaque composi-

tion and for assessing the progression of lesion severity as 
well, using a noninvasive route.

Once the CTA examination identifies a VP, different 
strategies can be initiated in order to reduce plaque pro-
gression. Such strategies include lesion revascularization 
via coronary stenting in case of significant lesions, or 
statin therapy for non-significant lesions. The infusion of 
mononuclear cells at the site of the VP has been also pro-
posed as an experimental method aiming to stabilize the 
plaque and prevent its progression.24 

It became obvious that in case of VPs, a therapeutic de-
cision should be based on a complex assessment of both 
plaque composition and lesion severity, while CTA is the 
golden standard imaging technology for performing such 
a complex evaluation in one single step.

In this study, we did not find a significant difference 
between the study groups in respect to lesion severity, 
VPs and NVPs having similar lengths, area and diame-
ters. However, plaque thickness was significantly higher 
in VPs. 

Morphologic assessment has identified significantly 
different phenotypes of atheromatous plaque in VP versus 
NVP ones, showing that VPs have larger volumes and ar-

TABLE 3. CT characteristics of vulnerable plaques in right vs. left coronary artery  

Total 
(n = 25)

Right coronary artery 
(n = 6)

Left coronary artery 
(n = 19)

p value

Lesion severity

% stenosis (%) 58.49 ± 18.51 (50.85–66.14) 70.89 ± 10.94 (59.41–82.37) 54.58 ± 18.88 (45.48–63.68) 0.05

Lesion length (mm) 6.80 ± 3.86 (5.20–8.39) 8.08 ± 3.65 (4.25–11.92) 6.39 ± 3.93 (4.49–8.29) 0.36

Lumen area (mm2) 58.49 ± 18.51 (50.85–66.14) 70.89 ± 10.94 (59.41–82.37) 54.58±18.88 (45.48–63.88) 0.05

Lumen mean diameter (mm) 37.23 ± 14.81 (31.12–43.34) 46.78 ± 9.72 (36.57–56.99) 34.21 ± 15.03 (26.97–41.46) 0.02

Minimal Plaque Thickness (mm) 0.77 ± 0.59 (0.53–1.02) 1.26 ± 0.61  (0.61–1.90) 0.62 ± 0.51 (0.37–0.87) 0.03

Maximal Plaque Thickness (mm) 3.05 ± 0.91 (2.67–3.42) 3.33 ± 0.52 (2.78–3.89) 2.96 ± 1.0 (2.47–3.44) 0.15

Morphologic assessment

Plaque volume (mm3) 140.4 ± 127.1 (87.89–192.8) 206.2 ± 112.4 (88.27–324.2) 119.16 ± 127.0 (58.33–180.8) 0.05

Mean plaque burden (%) 75.0 ± 8.74 (71.39–78.60) 80.64 ± 9.09  (71.09–90.18) 73.21 ± 8.05  (69.33–77.10) 0.06

Plaque burden volume (mm3) 85.23 ± 8.39  (81.77–88.69) 91.17 ± 4.88  (86.05–96.29) 83.35 ± 8.47  (79.27–87.44) 0.04

Remodeling index 0.95 ± 0.12  (0.90–1.00) 0.94 ± 0.12  (0.81–1.07) 0.95 ± 0.12  (0.89–1.01) 0.79

Eccentricity index 0.24 ± 0.86  (0.70–0.82) 0.37 ± 0.85  (0.46–0.79) 0.20 ± 0.89  (0.74–0.85) 0.007

Plaque components – volumetric assessment

Necrotic core tissue volume (mm3) 54.53 ± 46.47  (35.35–73.71) 82.03 ± 47.85 (31.81–132.2) 45.84 ± 43.72  (24.77–66.92) 0.02

Fibrofatty tissue (mm3) 30.83 ± 26.55 (19.87–41.79) 53.23 ± 31.92 (19.73–86.73) 23.76 ± 20.90  (13.69–33.83) 0.02

Fibrotic tissue volume (mm3) 37.45 ± 32.48 (24.04–50.85) 49.64 ± 32.0 (16.06–83.22) 33.60 ± 35.51 (17.93–49.27) 0.22

Dense calcium volume (mm3) 13.07 ± 22.05  (3.96–22.17) 8.48 ± 11.48  (–3.55–20.53) 14.51 ± 24.54 (2.68–26.34) 0.43

Plaque components – planimetric assessment

Necrotic core area (mm2) 8.37 ± 5.32 (6.17–10.57) 13.07 ± 4.29  (8.57–11.57) 6.88 ± 4.78  (4.57–9.19) 0.009

Fibrofatty tissue area (mm2) 4.39 ± 2.80 (3.23–5.55) 7.22 ± 3.81  (3.22–11.22) 3.50 ± 1.72  (2.67–4.33) 0.002

Fibrotic tissue area (mm2) 5.52 ± 3.27  (4.17–6.87) 5.21 ± 2.58 (2.50–7.93) 5.62 ± 3.51  (3.92–7.31) 0.79

Dense calcium area (mm2) 1.94 ± 3.15  (0.64–3.24) 2.21 ± 3.49  (–1.45–5.88) 1.85 ± 3.13  (0.34–3.37) 0.65
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eas at the level of the minimum stenosis, and significantly 
higher eccentricity.

IVUS studies have identified and validated various 
imaging-based features of plaque composition and con-
formation that are associated with plaque vulnerability. 
Studies conducted by Maejima et al. and Kato et al. showed 
that increased plaque burden, higher plaque volume, and 
RI are associated with plaque vulnerability, similarly with 
results obtained by Okubo et al., which identified that sig-
nificantly increased volumes of plaque burden, FFT, FT, 
and NC represent imaging-based biomarkers for predict-
ing plaque vulnerability.25–27

Almost all the features classically defined by IVUS stud-
ies as associated with plaque vulnerability were present 
in a significantly higher extent in VPs, in this CTA-based 
study: plaque volume, NC volume, and the amount of FFT. 
The amount of DC inside the plaque was, on the contrary, 
significantly higher in NVPs, perhaps providing a protec-
tive effect against rupture or erosion. 

PR represents a classical marker of plaque vulnerabil-
ity, as described in studies conducted by Finn et al. and 
Burke et al., suggesting that PR may be a potential surro-
gate marker in detecting lesion vulnerability, results also 
demonstrated by Pasterkamp et al.4,28–30 However, in our 
study, this was not significantly different between the VPs 
and NVPs, and in fact, the average value of RI in VPs was 

not high. This could be explained by the fact that a large 
proportion of the study population included diabetics, 
known to exhibit the opposite phenomenon of negative 
remodeling, which could have compensated the vulnera-
bility-dependent PR.

One of the most interesting findings of the study is 
that the anatomic distribution of coronary plaques in the 
coronary tree could influence the degree of vulnerabil-
ity. Lesions located in the right coronary artery present-
ed larger plaques, with higher volume and plaque bur-
den than those located in the left coronary artery, at the 
same time exhibiting a higher degree of stenosis (70.89 
± 10.94 vs. 54.58 ± 18.88, p = 0.05), but non-significant 
differences in plaque lengths. However, our study has 
identified significantly higher values of main vulnerabil-
ity features (NC volume and area, and FFT volume and 
area), in parallel with a more expressed eccentricity at 
the level of right coronary artery lesions. The fact that 
right coronary lesions present larger volumes and larger 
amounts of intracoronary thrombi has been described by 
other studies.31–35 However, according to our knowledge, 
this is the first study describing a clear difference of vul-
nerability features in relation to anatomic location in the 
left versus right coronary tree, suggesting that the right 
coronary artery is more predisposed to the vulnerabili-
zation process of the atheromatous plaques, which can 

FIGURE 5. Characteristics of culprit vulnerable plaques according to their anatomical distribution
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occur in time during the development of plaque progres-
sion mechanisms. 

CONCLUSIONS

Morphologic assessment using both volumetric and pla-
nimetric methods showed that in patients with coronary 
atherosclerosis and unstable angina, vulnerable athero-
matous plaques from the culprit lesions exhibit a differ-
ent phenotype than non-vulnerable ones. Vulnerability 
features are present in a significantly larger extent in VPs 
from culprit lesions, at the same time being more pro-
nounced in lesions from the right coronary artery as com-
pared to the left one.
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