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in Patients with Stable Coronary Artery Disease

Aim To identify new predictors for vulnerability of atherosclerotic coronary plaques in patients with stable 
ischemic heart disease (sIHD).

Material and methods This prospective, single-center study included 58 patients with sIHD. Unstable plaques were detected 
with virtual histology intravascular ultrasound of proximal and medium segments of a coronary artery 
without significant lesions according to coronarography data. Indexes of inflammation, dyslipidemia 
and carbohydrate metabolism were considered as candidate predictors for coronary plaque vulnerability.

Results In 56 coronary arteries, 58 plaques were detected, 12 of which (20.7 %) were unstable. Vulnerable 
plaques differed morphologically from stable ones by a greater size of the necrotic core (35.1±8.5 % vs. 
24.0±13.2 %; р=0.008), calcified nodules (2.0 [1.0; 5.0] % vs. 1.0 [0; 2.0] %; р=0.006), and a lower 
content of fibrous components (54.9±10.2 % vs. 66.4±15.8 %; р=0.02). In addition, vulnerable plaques 
more frequently narrowed the arterial lumen by >70 % of the lumen area (33.3 % vs. 2.2 %; р=0.0006). 
Correlation analysis showed a negative correlation between the level of high-density lipoproteins 
(HDL) and calcium volume (r= –0.4104; р=0.023); a positive correlation between the blood glucose 
level as determined by the oral glucose tolerance test and the lipid component (r=0.48198; р=0.033); 
and a negative correlation between the apolipoprotein A level and the calcium volume (r= –0.4297; 
р=0.008).

Conclusion The study demonstrated a high prevalence of vulnerable plaques in nontarget coronary arteries in 
patients with sIHD. In this process, dyslipidemia indexes (LDL, apolipoproteins A) correlate with the 
calcium volume whereas blood glucose, as measured in the oral glucose tolerance test, correlates with 
the lipid component of coronary plaque.
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The main cause of acute coronary syndrome (ACS) 
is most commonly the rupture of an unstable 

atherosclerotic plaque (AP) in a diseased coronary 
artery [1]. A plaque is unstable, i.e., vulnerable, if it is 
prone to splitting its fibrous cap and leaving a necrotic 
nucleus exposed. This event activates inflammation 
and thrombogenesis [2]. The structure of an AP and 
its stability depend on various factors [3, 4]. Among 
these factors, the influence of carbohydrate exchange 
on coronary AP morphology is currently of particular 
interest.

Standard coronary angiography cannot detect unstable 
atherosclerotic coronary lesions. Intravascular imaging 
techniques, which allow for histology-like morphological 
analysis of APs, have recently become more widespread 
[2]. The use of virtual histology intravascular ultrasound 
(IVUS) has contributed to the identification and better 
understanding of the predictors of acute coronary events. 

APs with a stenosis area of >70 % and a minimum lumen 
of <4 mm2 have the highest predictive potency for risk of 
adverse events [5].

The best possible drug therapy is essential for primary 
and secondary prevention of acute coronary events. 
Myocardial revascularization reduces ischemia symptoms 
and improves the quality of life, and yet it does not always 
prevent development of ACS [6, 7]. There is still a risk 
of adverse outcomes despite treatment. Assessing the 
risk of adverse outcomes, identifying predictors of ACS, 
developing preventive measures, and justifying the best 
possible therapy is among the key tasks of real-world 
cardiology.

Objective
The objective of this study was to identify new 

predictors of coronary AP vulnerability in patients with 
stable coronary artery disease.
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Material and Methods

This prospective, single-center trial included patients 
with stable coronary artery disease (CAD) who 
needed stenting of a single coronary vessel. The study 
excluded patients with ACS. The study was conducted 
in accordance with the Declaration of Helsinki and was 
approved by the local ethics committee. All patients gave 
informed consent. The day before the index intervention, 
all patients underwent a complex clinical and laboratory 
examination that included 1) anthropometry (body mass 
index, waist and hip circumferences); 2) inflammation 
factors (C-reactive protein, erythrocyte sedimentation 
rate); 3) blood lipid composition analysis (total 
cholesterol, low-density (LDL) and high-density lipo-
protein (HDL), triglycerides, apolipoproteins A and B). 
Particular attention was paid to carbohydrate metabolism 
regardless of the presence of diabetes mellitus (DM), as 
reflected by fasting blood glucose, oral glucose challenge 
test (OGCT), glycated hemoglobin, and fructosamine. 
All of the above indicators were considered as potential 
factors associated with the vulnerability of atherosclerotic 
coronary lesions.

To identify vulnerable plaques after stenting of a 
hemodynamically significant lesion of the target vessel, 
all patients underwent virtual histology IVUS of the 
proximal and middle segments (6–8 cm) of a non-target 
coronary artery without hemodynamically significant 
lesions according to coronary angiography. If that 
artery had no stenosis changes according to IVUS, an 
intravascular examination was performed in another non-
target vessel. IVUS data of lesions with lumen stenosis of 
40 % or more in three consecutive frames were analyzed. 
The minimum lumen area, i.e., the AP area with respect 
to the vessel lumen were estimated. Plaque morphology 
was assessed using virtual histology IVUS. In the AP 
structure, four components were estimated (Figure  1): 
fibrous (green), lipid (yellow), necrotic nucleus (pink), 
and calcium inclusions (blue). The percentages of all 
AP components were calculated. An AP with a large 
necrotic nucleus (>10 %) adjacent to the coronary 
lumen was considered unstable (thin-cap fibroatheroma; 
Figure 1). All intravascular ultrasound examinations were 
performed using an iLab imaging system and the iMap 
virtual histology software. The catheter was threaded 
automatically at a rate of 0.5 mm / sec.

Statistical analysis. The data are expressed as a 
percentage, or as the mean and standard deviation 
(M±SD) if normally distributed, otherwise as the 
median and interquartile range (Me [Lq; Uq]). The 
Shapiro-Wilk test was applied to determine data 
normality. Qualitative and quantitative indicators were 
compared using Fisher’s exact test and the Student’s t-test, 

respectively. Simple linear correlations were calculated 
as Pearson’s correlation coefficients. Statistical analyses 
were performed using Statistica 10.0. The type I error 
probability (p) was set at 0.05.

Results
Baseline patient characteristics

The study included 58 patients with mean age of 60.4 
yrs. Male patients (65.5 %) predominated. 60.3 % of 
patients were hospitalized with diagnosed stable angina 
functional class II. All patients had arterial hypertension, 
53 (91.4 %) had excess body weight or obesity, 16 (27.6 %) 
had type 2 DM, 11 (18.9 %) were active smokers at the 
time of inclusion, 34 (58.6 %) had hypercholesterolemia 
while taking statins (Table 1). Index interventions on the 
target vessels were described earlier [8].

Results of virtual histology IVUS
IVUS was performed in 64 coronary arteries of 

58 patients, and 58 APs in 56 coronary arteries were 
identified. Two patients had no lesions in non-target 
coronary arteries, according to IVUS. Two APs were 
detected in two patients in one non-target coronary 
artery.

According to virtual histology IVUS, 12 (20.7 %) 
lesions had large thin-cap necrotic nuclei, 5 (8.6 %) 
narrowed the artery lumen area by more than 70 % 
(including 4 cases of stenosis area >70 % combined with 
lumen area <4 mm2), 10 (17.2 %) had minimum lumen 
area <4 mm2 (Table 1). Of 12 thin-cap fibroatheromas, 
2  (3.4 %) lesions narrowed artery lumen by >70 %, 
2  leasons (3.4 %) were combined with the minimum 

Figures 1. Thin-cap fibroatheroma
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lumen area <4 mm2, and 2 lesions (3.4 %) had all three 
risk criteria (thin-cap fibroatheroma, stenosis area >70 %, 
minimum lumen area <4 mm2).

Predictors of coronary plaque vulnerability
Patients were divided into two groups depending on 

the presence of APs as detected by virtual histology IVUS. 
A stroke history was more common in patients with 
APs than in patients without vulnerable lesions (16.6 % 
vs. 2.2 %, respectively, p=0.045). The morphology of 
thin-cap fibroteromes differed from stable plaques by 
larger necrotic nucleus (35.1±8.5 % vs. 24.0±13.2 %, 
respectively; p=0.008), calcium volume (2.0 [1.0; 5.0] 
% vs. 1.0 [0; 2.0] %, respectively; p=0.006), and smaller 

fibrous component content (54.9±10.2 % vs. 66.4±15.8 %, 
respectively; p=0.02). Moreover, vulnerable plaques 
more often narrowed the artery lumen area >70 % (33.3 % 
vs. 2.2 %, respectively; p=0.0006). As for other indicators, 
there were no statistically significant differences between 
the groups (Table 1).

Correlation analysis found a negative correlation 
between HDL and calcium (r=–0.4104; p=0.023), a 
positive correlation between OGCT blood glucose 
concentrations and lipid component (r=0.48198; 
p=0.033), and a negative correlation between apolipo-
proteins A and calcium volume (r= –0.4297; p=0.008) 
(Figure 2). Other potential factors were not significantly 
correlated with coronary AP morphology.

Table 1. Characteristics of the study patients

Variable All patients  
(n=58)

Patients  
with unstable plaques 

(n=12)

Patients  
with stable plaques  

(n=46)
p

Age, yrs 60.4±6.6 59.6±6.5 60.9±6.7 0.55
Male 65.5 (38) 66.6 (8) 65.2 (30) 0.93
Body mass index, kg/m2 31.3±5.3 31.9±5.8 31.2±5.2 0.69
Smoking 18.9 (11) 16.6 (2) 19.5 (9) 0.82
Hypertensive heart disease 100 (58) 100 (12) 100 (46) 1.0
History of stroke 5.2 (3) 16.6 (2) 2.2 (1) 0.045
LVEF, % 61.4±11.5 63.8±7.4 60.8±12.4 0.43
Coronary lesions, % (n):
• Single-vessel CAD 
• двухсосудистое

 
25.8 (15)
74.1 (43)

 
25.0 (3)
75.0 (9)

 
26.1 (12)
73.9 (34)

 
0.94
0.94

C-reactive protein, mg / ml 3.0 [3.0; 4.0] 3.0 [3.0; 4.5] 3.1 [3.0; 4.0] 0.26
Hypercholesterolemia 58.6 (34) 58.3 (7) 58.7 (27) 0.98
Lipidogram, M±SD:
• Total cholesterol, mmol/l 
• LDL, mmol/l 
• HDV, mmol/l  
• Triglycerides, mmol/l 
• Apolipoprotein A, mmol/l 
• Apolipoprotein B, mmol/l 
• Atherogenicity index

 
4.6±1.4
2.8±1.2
1.1±0.3
1.8±1.3
1.8±0.3
1.0±0.4
3.3±1.6

 
4.8±1.2
2.8±1.1

1.25±0.4
1.8±1.2
1.8±0.3
1.0±0.4
3.2±1.8

 
4.6±1.4
2.9±1.3
1.1±0.3
1.8±1.1
1.8±0.3
1.1±0.5
3.3±1.6

 
0.65
0.80
0.16
0.78
1.0

0.52
0.85

Type 2 diabetes mellitus 27.6 (16) 25.0 (3) 28.3 (13) 0.28
Carbohydrate metabolism, Ме [Lq; Uq]:
• Blood glucose, fasting, mmol/l 
• Blood glucose, OGCT, mmol/l 
• Glycated hemoglobin, % 
• Fructosamine, mmol/l

 
6.1 [5.4; 7.0]
5.6 [4.9; 7.4]
5.7 [5.0; 6.3]

297.0 [274.0; 345.0]

 
5.9 [5.3; 6.4]
5.6 [4.9; 6.2]
5.2 [4.9; 5.7]

290.0 [277.5; 307.5]

 
6.3 [5.4; 7.1]
6.1 [5.0; 7.8]
5.8 [5.1; 6.5]

305.0 [270.0; 360.0]

 
0.89
0.31
0.21
0.45

Results of virtual histology IVUS
Minimum lumen area, mm2 6.6±2.6 5.7±2.6 6.8±2.6 0.19
Plaque area, % 56.5±10.7 60.7±11.9 55.2±10.2 0.11
Fibrous component, % 64.3±15.5 54.9±10.2 66.4±15.8 0.02
Lipid component, % 7.5±3.5 6.4±1.9 7.8±3.8 0.22
Necrotic core, % 26.0±13.1 35.1±8.5 24.0±13.2 0.008
Calcification, % 1.0 [0; 3.0] 2.0 [1.0; 5.0] 1.0 [0; 2.0] 0.006
Thin-cap fibroatheroma 20.7 (12) 100 (12) 0 –
Stenosis area >70% 8.6 (5) 33.3 (4) 2.2 (1) 0.0006
Minimum lumen area <4 mm2 17.2 (10) 33.3 (4) 13.0 (6) 0.09
Data are M±SD, Me [Lq; Uq], or percentage (n). LVIF, left ventricular ejection fraction; CAD, coronary artery disease;  
IVUS, intravascular ultrasound; HDL, high-density lipoprotein; LDL, low-density lipoprotein; OGCT, oral glucose challenge test.
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Discussion

The study focused on identifying predictors of 
coronary plaque vulnerability in patients with stable 
CAD. Great efforts are currently made to develop ways 
of stratifying the risk of an adverse course of CAD. 
Detecting coronary plaques with signs of vulnerability 

and subsequent monitoring of these patients, registering 
cardiovascular complications (CVCs), and assessing 
independent contributions of various clinical and 
laboratory factors in their development seem to be 
promising methods. In the study cohort, 20.7 % of 
patients had unstable APs in non-target coronary arteries. 
Moreover, half of the identified vulnerable plaques 
had additional risk criteria for coronary complications, 
i.e., stenosis area >70 % and / or minimum lumen area 

<4 mm2.
Inflammation has been shown to have a major role 

in the progression of atherosclerosis, and inflammation 
factors increase plaque thrombogenicity [9]. Several 
clinical trials demonstrated a positive correlation 
between increased blood C-reactive protein and the 
progression of coronary atherosclerosis and the risk 
of developing CVCs [10, 11]. However, in our study, 
inflammatory factors were not correlated with coronary 
plaque morphology as assessed by IVUS.

Dyslipidemia is the most well-studied clinical factor 
that has a proven negative predictive value. Several 
studies have confirmed that correction of dyslipidemia 
contributes to the stabilization of APs and reduces the 
risk of developing CVCs [12, 13]. Unlike LDL, HDL has 
an antiatherogenic effect, since its content is inversely 
proportional to the incidence of CAD [14]. In this study, 
the concentrations of HDL and apolipoprotein A were 
inversely correlated with the calcium volume in APs. 
Coronary plaques with calcium inclusions are known 
to be more prone to rupture as they are found more 
commonly in the symptom-related lesions in patients 
with myocardial infarction [15].

Recently, there has been increasing interest in the 
correlation between disorders of carbohydrate meta-
bolism and progression of coronary atherosclerosis. 
In patients with DM, several trials have shown that 
the proportion of the necrotic nucleus in the plaque 
structure is large, which increases the risk of developing 
ACS [16]. It has also been demonstrated that severe 
hyperglycemia, as assessed by OGCT, was associated 
with an increased risk of death that was independent of 
fasting blood glucose [17]. Moreover, prominent daily 
fluctuations in blood glucose concentrations affect 
the vulnerability of coronary plaques in patients with 
CAD [18].

This study was the first to demonstrate a correlation 
between blood glucose concentrations as assessed 
by OGCT and coronary plaque morphology (lipid 
component) regardless of DM. This can, additionally, 
increase the risk of adverse outcomes. Thus, it is necessary 
to pay more attention not only to patients with DM, but 
also to those with prediabetes.

Apo A, apolipoproteins A; HDL, high density 
lipoprotein; OGCT, oral glucose challenge test.
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It has previously been confirmed that metabolic 

syndrome is more common among patients with ACS. 
Of the components of metabolic syndrome, abdominal 
obesity and dyslipidemia are major predictor of ACS 
[19]. However, body mass index and obesity were not 
correlated with the coronary AP structure in this study.

In summary, this study revealed several factors that 
are associated with coronary AP morphology. Confirmed 
predictors of plaque vulnerability can be targeted as 
factors to be modified during interventions to prevent 
coronary complications.

Limitations
The major limitation of the study was its single-

center nature and a relatively small number of patients. 
Moreover, patients with ACS were excluded from the 
study, as this pathology is known to destabilize symptom-
unrelated lesions [5]. ACS is accompanied by stress 
disorders of carbohydrate and lipid metabolism, which 
could have distorted the study results.

Virtual histology IVUS was performed mainly in one, 
non-target vessel. However, the ATHEROREMO-IVUS 

study demonstrated that virtual histology of only one 
symptom-unrelated, coronary artery predicts the risk of 
cardiovascular complication within 12 mos [20].

Conclusion
Thus, our findings demonstrate a high prevalence of 

vulnerable plaques in non-targeted coronary arteries 
of patients with stable CAD. Indicators of dyslipidemia, 
e.g., high-density lipoproteins, apolipoproteins A, are 
correlated with calcium volume, and blood glucose 
concentrations, as assessed by an oral glucose challenge 
test, are correlated with the lipid component of coronary 
plaques.
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