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Background: The risk factors for coronary and carotid plaque development are consistent. Coronary 
plaque rupture is a major cause of adverse cardiovascular events. Ultrasound can evaluate vulnerable carotid 
plaques and provide information for predicting vulnerable coronary plaques identified by optical coherence 
tomography (OCT). This study aimed to investigate the predictive role of non-invasive carotid ultrasound in 
OCT diagnosis of atherosclerotic vulnerable plaque.
Methods: A total of 70 participants, including 35 patients with and 35 without vulnerable coronary plaque, 
were enrolled in this case-control study at Beijing Anzhen Hospital from 2016 to 2021. The data of 70 patients 
with suspected coronary heart disease who had undergone OCT examination during percutaneous coronary 
intervention (PCI) surgery and completed carotid ultrasound examination within 3 days before PCI were 
analyzed retrospectively. According to the OCT diagnostic criteria for vulnerable plaques, the patients 
were divided into the vulnerable-plaque group and the stable-plaque group. Univariate and binary logistic 
regression analyses assessed risk factors for vulnerable coronary plaque. Receiver operating characteristic 
(ROC) curve analysis was used to determine the predictive power of carotid plaque features.
Results: The univariate analysis demonstrated that the differences in high-sensitivity C-reactive protein 
levels and carotid plaque characteristics (irregular fibrous cap, heterogeneous plaque, hypoechoic plaque, 
plaque calcification, and a plaque thickness of greater than 3 mm) between the two groups were statistically 
significant. The logistic multivariate regression analysis revealed that an irregular fibrous cap of a carotid 
plaque [odds ratio (OR) =4.819; 95% confidence interval (CI): 1.106–22.867; P=0.048] and a hypoechoic 
plaque (OR =9.632; 95% CI: 2.138–43.384; P<0.05) were independent risk factors for predicting vulnerable 
plaques of the coronary artery.
Conclusions: Noninvasive carotid ultrasound is feasible and clinically valuable for predicting vulnerable 
and asymptomatic coronary plaques defined by OCT. With this method, adverse events can be diagnosed 
and treated in advance.
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Introduction

Atherosclerosis is a systemic and complicated pathological 
change that can occur simultaneously in a multi-vessel bed. 
Atherosclerotic thromboembolism is closely related to 
plaque irregularity and rupture. Autopsy studies have shown 
that the main pathological characteristics of vulnerable 
plaques were a large lipid necrotic core, a thin fibrous 
cap, and macrophage infiltration; lipid plaques are shown 
as hypoechoic plaques on carotid ultrasound imaging. 
On optical coherence tomography (OCT) examination, 
vulnerable plaques are defined as the areas with blurred 
edges, high back reflection, and strong attenuation, and 
a fibrous cap can be seen with a high signal band on 
the surface of the low signal region. Atherosclerosis of 
coronary arteries can cause serious cardiovascular events 
and is one of the important causes of death worldwide. 
Due to the superficial position of the carotid artery and 
its proximity to the coronary artery, many studies have 
demonstrated that carotid intima-media thickness, plaque 
load, and calcification can predict coronary artery events, 
but controversy remains (1-4). Rupture of vulnerable 
coronary plaque is the main cause of sudden obstructive 
myocardial infarction in patients previously recorded as 
having less than 50% coronary stenosis (5). However, the 
use of noninvasive methods to predict the risk of coronary 
vulnerable plaques is rarely reported. The irregularity and 
rupture of vulnerable plaques tend to occur systematically, 
and the risk and vulnerability of coronary and carotid 
plaque formation are similar (5-12); plaque composition and 
fibrous cap level are strongly correlated with carotid and 
coronary events. Carotid ultrasound can observe vulnerable 
plaque, that is, plaque with high lipid content in the low 
echo area. Coronary interventional imaging OCT can 
identify vulnerable plaques with high lipid content and thin 
fibrous caps (12). 

The purpose of this study was to predict the vulnerability of 
coronary artery plaque in patients with stable angina pectoris 
(SAP) through the characteristics of carotid artery plaque, 
and provide a new method for the diagnosis of coronary 
heart disease. We present this article in accordance with 
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-621/rc).

Methods 

Participants 

This was a retrospective case-control study during 2016 

to 2021. Patients with SAP of coronary artery disease 
who completed OCT examination during percutaneous 
coronary intervention (PCI) surgery and carotid ultrasound 
examination within 3 days before the PCI surgery in Beijing 
Anzhen Hospital were enrolled in this study. 

The inclusion criteria were as follows: (I) patients  
<75 years old; (II) patients with SAP who had at least one 
major coronary artery branch (anterior descending, right 
coronary, and circumflex branches) examined by OCT; (III) 
patients who underwent coronary revascularization PCI 
or coronary artery bypass grafting (CABG). The exclusion 
criteria were as follows: (I) patients with severe heart 
failure, abnormal liver and kidney function, and malignant 
tumor; (II) patients with severe left main coronary artery 
disease or chronic complete occlusive disease; (III) patients 
with incomplete clinical data, unclear OCT images, or 
insufficient number of coronary angiography positions, 
which affect the collection of case data.

According to the OCT diagnostic criteria for coronary 
artery vulnerable plaques, 35 patients with confirmed 
coronary vulnerable plaque were selected as the case group, 
and 35 patients with stable coronary plaque were randomly 
selected as the control group. This study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the Ethics Committee 
of Beijing Anzhen Hospital (No. 2022147X). All patients 
provided informed consent. Carotid plaque characteristics 
were assessed separately by one author and one independent 
specialist in vascular ultrasound (not an author) blinded to 
the outcomes.

Data collection and definitions

The full medical records of patients were collected, 
including their clinical characteristics, laboratory results, 
cardiac and coronary artery imaging results, demographic 
data, medical and pharmacological history, and treatment 
strategies at discharge. 

The body mass index (BMI) was expressed as the ratio 
of body weight in kilograms divided by height in square 
meters (kg/m2). According to the International Society of 
Hypertension guidelines (13), hypertension was defined as 
persistently elevated systolic blood pressure >140 mmHg 
and/or diastolic blood pressure ≥90 mmHg (without 
antihypertensive drugs). Dyslipidemia was defined according 
to criteria of the 2007 Chinese Guidelines on Prevention 
and Treatment of Dyslipidemia in Adults (14), that refers 
to total cholesterol >5.2 mmol/L, fasting triglycerides  
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>1.7 mmol/L, and low-density lipoprotein cholesterol  
>3.4 mmol/L. The criteria for diabetes mellitus were 
fasting plasma glucose ≥7.0 mmol/L, spontaneous glucose 
level ≥11.1 mmol/L, or glycosylated hemoglobin (HbA1c)  
>6.5% (15). Former smokers and patients who still smoked 
were classified as smokers. C-reactive protein (CRP) 
levels were determined using Quik Read CRP test (Orion 
Diagnostica, Espoo, Finland). Elevated CRP was defined as 
>5 mg/L. 

Blood lipids and CRP were analyzed on an automatic 
biochemical analyzer (AU5400; Beckman Coulter, Brea, 
CA, USA).

Ultrasound examination method 

A carotid artery ultrasound was performed within the 3 days 
before coronary angiography using a PREVI color Doppler 
ultrasound diagnostic instrument (Hitachi, Tokyo, Japan).

High-frequency linear array probes (5–13 MHz;  
4–9 MHz) were used to acquire real-time images (axial and 
transverse gray-scale images as well as color blood flow 
images were stored). The distal end of the internal carotid 
artery and the initial section of the common carotid artery 
were examined with a fan-shaped probe at 2.5–5 MHz. 

B-mode ultrasound settings
 Dynamic range: 55–80 dB (average, 60–70 dB).
 Scan depth: the scan depth was set at approximately  

4 cm, and adjusted based on the depth of the 
anatomical location of the patient’s carotid artery. The 
deeper the anatomical position of the carotid artery, 
the greater the scan depth, and the carotid structure 
being clearly displayed by B-ultrasound was the 
setting criterion.

Doppler ultrasound settings
 Doppler ultrasound gain: the color gain was increased 

to the level at which the noise outside the blood 
vessel first appeared, and was then gradually reduced 
until the noise outside the blood vessel had almost 
disappeared.

 Doppler ultrasound velocity range: 20–50 cm/s. The 
flow range and baseline were appropriately adjusted 
based on the patient’s carotid flow velocity to avoid 
aliasing due to high carotid flow and low set flow level, 
and the inability to display low velocity interaction 
flow due to the patient’s low carotid flow and high set 
flow level.

 Doppler sampling frame: the sampling frame was 
located at the center of the lumen or narrow vascular 
bundle and was generally set at 2 mm; it could be 
appropriately adjusted to 1/2–1/3 of the lumen 
diameter depending on the internal diameter of the 
patient’s carotid artery.

 Angle correction: the correction angle was kept as 
small as possible, not exceeding 60°.

 Doppler filter: a low-frequency wall filter was used to 
remove the movement signal of the blood vessel wall 
and surrounding tissues, yet attention was also paid to 
the low-speed blood flow signal during diastole.

The following indicators were recorded: whether the 
carotid intima-media was thickened (≥1.0 mm), whether the 
plaque surface was regular, whether the plaque echo was 
homogeneous, whether the plaque was a low-echo plaque, 
whether the plaque was a mixed-echo plaque dominated 
with low echo, whether the plaque had calcification, the 
thickness of the plaque (<3.0 or ≥3.0 mm), whether there 
was carotid stenosis (diameter stenosis rate: ≥40%), and 
whether the plaque was a neovascular plaque (10). Plaque 
echo definition: Those consistent with sternocleidomastoid 
echo were defined as equal echo, those consistent with 
extravascular echo were defined as high echo, and those with 
high echo with sound shadow were defined as strong echo, 
that is, calcification. Plaques were defined as heterogenous 
when more than 20% of the echoes within the plaque were 
inconsistent. Ultrasonic diagnosis of carotid artery stenosis 
criteria: mild 40–49%, moderate 50–69%, severe 70–99%. 
Mild stenosis did not affect hemodynamics; moderate and 
severe stenosis affected carotid blood flow.

OCT examination methods 

Frequency domain OCT was performed using a C7XR 
imaging system (St. Jude Medical Inc., St. Paul, MN, USA). 
OCT catheters were routinely delivered to the coronary 
artery before and after stent placement. All images were 
corrected, and a cross-sectional image was taken every  
1.0 mm for analysis. The OCT diagnosis of the vulnerable 
plaques in the coronary artery was determined based on 
the histological definition of previously vulnerable plaques 
and the criteria for establishing vulnerable plaques (11). 
The criteria adopted in this study were as follows: active 
inflammation, a thin fibrous cap of <65 μm, a large fat 
nucleus (more than 40%, lipid area ≥ two quadrants), 
endothelial shedding with surface platelet aggregation, 
plaque fissure or lesion, and severe stenosis. 
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Table 1 Comparison of clinical data between the vulnerable plaque group and stable plaque group

Items Vulnerable plaque (n=35) Stable plaque (n=35) P value

Clinical data

Male/female 26/9 19/16 0.068

Age (years) 49.12±0.63 47.12±0.27 0.239

BMI (kg/m2) 24.9±2.0 24.3±3.1 0.503

Smoking history (n) 21 17 0.053

Hypertension history (n) 26 22 0.054

Diabetes history (n) 17 15 0.723

Hyperlipidemia history (n) 17 14 0.252

CRP (mg/L) 3.6±1.1 3.1±1.5 0.002

Carotid ultrasound findings (n)

Intima media thickening 21 19 0.067

Irregular plaque 22 7 0.034

Heterogeneous plaque 18 17 0.002

Hypoechoic plaque 19 15 0.001

Mixed echo plaques dominated with low echo 7 18 0.079

Calcified plaque 11 9 0.034

Plaque thickness >3 mm 5 5 0.015

Lumen stenosis ≥40% 6 5 0.057

The numerical data of a normal distribution was represented as mean ± standard deviation, classified data was expressed in frequency 
counts. Smoking history: defined as a former smoker or a current smoker. Hypertension history: defined as a former hypertension patient 
or a current hypertension patient. Diabetes history: defined as a former diabetes patient or a current diabetes patient. BMI, body mass 
index; CRP, C-reactive protein.

Statistical methods 

The numerical data of a normal distribution were 
represented as mean ± standard deviation, and the 
Student’s t-test was used for inter group comparison. 
Classified data were expressed in frequency counts and 
percentages, and Chi-square test was used for intergroup 
comparison.  The numerical  data of  non-normal 
distribution were represented as median and interquartile 
intervals, and Mann-Whitney U test was used for 
intergroup comparison. 

Univariate and binary logistic regression analysis were 
conducted on the risk factors of vulnerable coronary artery 
plaques. Based on the results of univariate analysis with 
P values <0.05 and clinical significance, variables were 
introduced into multivariate analysis. The statistically 
significant difference was set as a bilateral P value <0.05. 
Receiver operating characteristic (ROC) curve analysis 
was used to identify the predictive ability of carotid plaque 
characteristics. Statistical analysis was performed using 
the software SPSS 22.0 (IBM Corp., Armonk, NY, USA) 

and MedCalc (version 15.2.2; MedCalc Software, Ostend, 
Belgium).

Results

Comparison of clinical data between the two groups of 
patients

Figure S1 displays the flow diagram of participants in the 
screening and analysis stages of this case-control study. 

The results of the univariate analysis revealed that there 
were no significant differences in general data such as 
age, gender, BMI (kg/m2), smoking history, hypertension 
history, diabetes history, coronary artery stenosis <70%, 
and hyperlipidemia history between the two groups. 

The differences in high-sensitivity CRP levels, coronary 
artery stenosis ≥70%, and carotid plaque characteristics 
(irregular plaque, heterogeneous plaque, hypoechoic 
plaque, plaque calcification, and a plaque thickness of  
>3 mm) between the two groups were statistically 
significant (see Table 1).

https://cdn.amegroups.cn/static/public/QIMS-23-621-Supplementary.pdf
file:///D:/1-%e8%bf%9e%e7%89%88/QIMS-%e6%9c%88%e5%88%8a/%e2%80%9cQIMS-V13N11%20(Nov%202023)%e2%80%9d%e6%96%87%e4%bb%b6%e5%a4%b9/javascript:;
file:///D:/1-%e8%bf%9e%e7%89%88/QIMS-%e6%9c%88%e5%88%8a/%e2%80%9cQIMS-V13N11%20(Nov%202023)%e2%80%9d%e6%96%87%e4%bb%b6%e5%a4%b9/javascript:;
file:///D:/1-%e8%bf%9e%e7%89%88/QIMS-%e6%9c%88%e5%88%8a/%e2%80%9cQIMS-V13N11%20(Nov%202023)%e2%80%9d%e6%96%87%e4%bb%b6%e5%a4%b9/javascript:;
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Figure 1 Ultrasound findings of different types of carotid plaques. (A) Lipid plaque: regular shape of the plaque with low-echo areas (arrow) 
inside. (B) Ulcer plaque: irregular plaque shape, incomplete fibrous cap with depression, and ulcerated surface (arrow). (C) Complex plaque: 
irregular shape, uneven internal echo, and visible calcification (arrows). (D) Neovascularization in plaques: the ultrastructural vascular 
imaging revealed that there were punctate and short rod-shaped blood flow signals (arrows) in the plaques.

The ultrasonic findings of different types of carotid 
plaques are displayed in Figure 1 and the OCT image 
findings of different types of coronary plaques are displayed 
in Figure 2.

Multivariate analysis and ROC curve analysis results 

The variables with a statistical difference in the univariate 
analysis were included in the binary logistic regression 
equation, and the results revealed that an irregular fibrous 
cap of the carotid plaque and hypoechoic plaque were 
independent risk factors for predicting vulnerable plaques 
of the coronary artery (Table 2).

ROC curve analysis showed that the area under the curve 
(AUC) of the hypoechoic plaque for identifying coronary 
vulnerable plaques was 0.740 [95% confidence interval 
(CI): 0.591–0.889; P=0.006] with 68% sensitivity and 80% 
specificity. However, the AUCs of the irregular fibrous cap 
and carotid hypoechoic plaque combined with the irregular 
fibrous cap did not support their use for identification of 

coronary vulnerable plaque of SAP (P>0.05; Figure 3).

Discussion

The plaque fibrous cap is mainly composed of extracellular 
matrix (ECM) and smooth muscle cells. The synthesis and 
degradation of the ECM are regulated by multiple factors; 
therefore, the content in the fibrous cap reflects a dynamic 
process throughout the whole body, and this arterial change 
occurs in both the carotid and coronary plaques. When 
ECM synthesis decreases and degradation increases, the 
fibrous cap thins and weakens, making it easier to break (16).

The instability of a plaque is partly determined by 
local factors, and systemic factors such as infection, 
autoimmunity, or genes may also play important roles (17). 
If the stability of plaques is affected by systemic factors 
that exist only in a subset of patients, then plaques in some 
individuals should be more prone to rupture than those in 
others. A study revealed that patients with irregular plaques 
in the bilateral carotid arteries were more likely to have a 



Quantitative Imaging in Medicine and Surgery, Vol 14, No 1 January 2024 321

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(1):316-324 | https://dx.doi.org/10.21037/qims-23-621

A B

C D

Figure 2 Optical coherence tomography image findings of different types of coronary plaques. (A) Ulcer plaque: broken fiber cap, ulcers 
(arrow) can be observed on the surface of the plaque. (B) Erosive plaque: incomplete fibrous cap of the plaque, uneven erosion (arrows) can 
be observed on the surface of the plaque. (C) Lipid plaque: lipid areas (arrow) can be observed in the plaques with thin fibrous caps. (D) 
Stenosis of the lumen caused by a plaque: incomplete fibrous cap of the plaque, uneven internal echo protrudes significantly into the lumen 
(arrow), resulting in lumen stenosis.

Table 2 Results of logistic regression analysis of independent risk factors for predicting vulnerable coronary plaques

Variable B S.E. Wald OR 95% CI P value

Irregular plaque 1.573 0.794 3.918 4.819 1.106–22.867 0.048

Hypoechoic plaque 2.265 0.768 8.701 9.632 2.138–43.384 0.003

Constant −5.622 1.938 8.414 0.004 – 0.004

B, regression coefficient; S.E., standard error; OR, odds ratio; CI, confidence interval.

history of myocardial infarction than those with smooth 
plaques [hazard ratio (HR) =1.82; 95% CI: 1.23–2.64; 
P<0.001] (17). Rossi et al.’s study revealed that coronary 
events (patients with acute myocardial infarction) predicted 
carotid vulnerable plaques [odds ratio (OR) =4.3; 95% 
CI: 2.0–9.2; P=0.0002] (18). This current study’s results 
revealed that both irregular carotid and hypoechoic plaques 
were independent risk factors for predicting vulnerable 
plaques of the coronary artery, which is consistent with the 
results of the above-mentioned studies. Therefore, although 
the carotid and coronary arteries are slightly different in the 

structural characteristics of their walls, anatomical positions, 
and hemodynamics, the results of this study demonstrated 
that a noninvasive carotid ultrasound was feasible in 
predicting vulnerable plaques of the coronary artery.

Although coronary angiography has been regarded as the 
gold standard for the diagnosis of coronary heart disease, 
it has limitations in evaluating the characteristics of the 
lumen walls and plaques and cannot observe vulnerable 
plaque characteristics associated with acute adverse cardiac  
events (18). Intravascular ultrasound (IVUS) and OCT 
can both identify vulnerable plaques, and their imaging 

file:///D:/1-%e8%bf%9e%e7%89%88/QIMS-%e6%9c%88%e5%88%8a/%e2%80%9cQIMS-V13N11%20(Nov%202023)%e2%80%9d%e6%96%87%e4%bb%b6%e5%a4%b9/javascript:;
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mechanisms are similar (19). The main differences are 
the resolution and penetration depth; IVUS has deep 
penetration, and its primary advantage is assessing 
plaque load, whereas the penetration depth of OCT is  
limited (19). However, by imaging with near-infrared light, 
OCT can clearly display the characteristics of coronary 
plaque microstructure and quantify plaque composition with 
a spatial resolution of 10–20 mm (19). A study involving 
patients with acute myocardial infarction revealed that 73% 
of plaque ruptures could be observed by OCT, whereas 
only 40% could be observed by IVUS (20). Another study 
demonstrated that OCT was highly consistent with the 
histopathological control study and was recognized as 
“optical biopsy” (21). However, OCT is complex to operate, 
expensive, and has a narrow scope of use. 

A carotid plaque is an indicator of atherosclerosis 
and is associated with the future risk of atherosclerotic 
cardiovascular disease (20). The location of the carotid 
artery is shallow, so ultrasound can clearly display its 
morphology, the echo of the carotid intima-media and any 
plaques, and whether the fibrous cap is smooth and flat (20). 
Therefore, as the most convenient and safe noninvasive 
screening method for atherosclerosis, carotid ultrasound 
has become a window through which atherosclerosis 
in the cardiovascular system can be visualized. It has 
also become commonly and widely used in clinical  

practice (20). Therefore, in this study, noninvasive carotid 
ultrasound was adopted for predicting vulnerable plaques 
of the coronary artery based on OCT images, which 
was of critical clinical significance. The echogenicity of 
atherosclerotic plaque mainly depends on aspects of its core 
such as lipids, necrotic elements of the lipid core, and the 
presence of microvascularization and mineralized or fibrous 
components on the core. Ultrasound images of lipid core 
and neovascularization in plaque showed low echo (22,23). 
The resolution of plaque hypoecho by human vision is 
significantly higher than the resolution of whether the 
plaque fiber cap is complete. In this study, plaque hypoecho 
was defined as lower than the sternocleidomastoid echo, so 
the results were more objective and accurate.

Patients with vulnerable plaque are suggested to 
undergo the following treatments: (I) control of risk 
factors: for example, hypertension patients need to undergo 
antihypertensive treatment, hyperglycemia patients need 
to control blood sugar, hyperlipidemia patients need to 
undergo lipid-lowering treatment, smoking patients need 
to quit smoking, overweight patients need to lose weight 
through weight control, lifestyle adjustments, and other 
methods. (II) Drug treatment: if the patient’s symptoms are 
relatively mild, they can be treated with oral statin drugs 
under the guidance of a doctor, such as atorvastatin calcium, 
rosuvastatin calcium, and pitavastatin calcium; they can also 
use coronary artery dilating drugs, such as nitroglycerin 
and nicodil, and aspirin enteric-coated tablets, among other 
drugs. (III) Surgical treatment: if the patient’s symptoms 
are relatively severe and the condition cannot be controlled 
by drugs, surgical treatment is required, such as PCI and 
CABG.

This study had some limitations. First, the sample 
selected was limited to SAP, and the sample size was too 
small to represent all patients with carotid atherosclerosis 
and coronary heart disease. In addition, the OCT 
examination was limited only to partial segments of the 
pathogenic vessels without a comprehensive examination 
of the coronary artery. Due to the significant gender 
difference in the occurrence of vulnerable plaques (24,25), 
the composition of males and females in the stable and 
vulnerable plaques groups was significantly different. 
Therefore, our results must be verified in a larger patient 
cohort.

Conclusions

Low-echo plaques detected by non-invasive carotid 
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ultrasound can be used to predict coronary vulnerable 
plaques, but this needs to be confirmed by large-sample 
multi-center studies. Noninvasive carotid ultrasound is 
feasible and clinically valuable for predicting vulnerable 
and asymptomatic coronary plaques defined by OCT. With 
this method, adverse events can be diagnosed and treated in 
advance.
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