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Assessment of coronary computed tomography angiography-
derived plaque features in the diagnosis of optical coherence 
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Background: Identification of vulnerable plaque is essential for pre-estimation of the risk of cardiovascular 
disease (CVD) and stratification of major adverse cardiac events (MACEs) risks. This study aimed to evaluate 
the diagnostic ability of coronary computed tomography angiography (CCTA)-derived qualitative and 
quantitative plaque features in detecting optical coherence tomography (OCT)-defined vulnerable plaques.
Methods: A total of 31 patients who underwent both CCTA and OCT were retrospectively included in 
this study. The results of OCT and CCTA were blindly analyzed on a segment-to-segment comparison. 
The qualitative and quantitative plaque parameters derived by CCTA were recorded. Univariate analysis and 
multivariate logistic regression analysis were performed to reveal the independent predictors. The diagnostic 
efficacy of quantitative parameters was evaluated by receiver operating characteristic (ROC) curve and area 
under the curve (AUC).
Results: A total of 76 plaques in 31 patients were included for analysis, of which 15/76 plaques (19.7%, 10 
patients) were vulnerable plaques. Low-density plaques, spotty calcification (SC), positive remodeling (PR), 
number of high-risk plaque signs, non-calcified fraction, and lipid fraction displayed significant differences 
between vulnerable and non-vulnerable plaques (P<0.05). Fibrotic plaque volume (FPV) [odds ratio (OR) 
=1.013; 95% confidence interval (CI): 1.003–1.024] and low attenuation plaque (LAP) (OR =23.416; 95% CI: 
4.725–116.055) were shown to be independent predictors of vulnerable plaques. Compared with qualitative 
and quantitative models, the mixed model integrating all significant CCTA-derived plaque characteristics 
achieved the highest AUC and accuracy (mixed model AUC =0.87, 95% CI: 0.808–0.979; qualitative model 
AUC =0.80, 95% CI: 0.654–0.941; quantitative model AUC =0.64, 95% CI: 0.528–0.866).
Conclusions: The CCTA-derived plaque characteristics were able to detect the OCT-defined vulnerable 
plaques and show great potential as a non-invasive biomarker for early diagnosis of coronary vulnerable 
plaques.
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Introduction

Cardiovascular disease (CVD) is the leading cause of death 
worldwide, with high morbidity and mortality. According 
to the World Health Organization (WHO), approximately  
177 million people die each year from CVD, with heart 
attacks and strokes accounting for 80% of these deaths (1). In 
China, the prevalence of CVD has increased in recent years. 
Plaque formation on the coronary vessel wall, followed by 
rupture, causes coronary artery occlusive disease and acute 
cardiovascular events, such as acute heart attack, which are 
life-threatening (2). Identification of vulnerable plaques is 
critical for predicting the risk of CVD and stratifying the 
risks of major adverse cardiac events (MACEs).

Optical coherence tomography (OCT) can clearly 
display the coronary plaque microstructure with a spatial 
resolution of 10–20 μm through near-infrared light and 
reconstruct recognizable intravascular images with accurate 
quantified plaque composition (3). The characteristics of 
atherosclerotic plaques identified using OCT have been 
reported to be consistent with histopathological results, a 
phenomenon known as “optical biopsy” (4). However, due 
to the high cost and complexity of OCT, it is not widely 
used.

Recently, coronary computed tomography angiography 
(CCTA) has become the gold standard for screening 
medium- and low-risk coronary heart diseases (5). CCTA 
is a unique non-invasive anatomical tool that allows for 
robust assessment of CVD including qualitative, semi-
quantitative, or quantitative parameters, and has emerged as 
an excellent gatekeeper for invasive coronary angiography. 
CCTA can detect the characteristics of ruptured plaques 
and judge high-risk signs, such as positive remodeling (PR), 
low attenuation plaque (LAP), spotty calcification (SC), 
and napkin-ring sign (NRS) (6). Furthermore, it offers 
unique advantages in the quantitative analysis of plaque 
composition and volume (7). Nonetheless, using OCT as a 
control, only a few studies on quantitative coronary plaque 
analysis have used OCT as a control, most of which have 
focused on identifying thin-cap fibroatheroma (TCFA) 
defined by OCT (7-9). The present study aimed to evaluate 

the ability of CCTA-derived qualitative and quantitative 
plaque features to detect OCT-defined vulnerable plaques. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-24-838/rc).

Methods

Study population

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Ethics Board of Fuwai Central China 
Cardiovascular Hospital (2019 Ethical Review No. 9) and 
the requirement for individual consent for this retrospective 
analysis was waived. Patients who had undergone both 
CCTA and OCT at Fuwai Central China Cardiovascular 
Hospital from December 2018 to February 2022 were 
retrospectively analyzed in this study. The exclusion criteria 
of patients were as follows: (I) extensive calcified plaques 
in coronary vessels with a lumen stenosis degree of ≥95%; 
(II) fragmentary or low image quality CCTA and OCT 
examination data; (III) percutaneous coronary intervention 
performed prior to CCTA and OCT examinations; and (IV) 
an interval of more than 4 weeks between CCTA and OCT 
examinations.

Image acquisition

OCT was used to analyze the causes of lesions in order 
to improve interventional treatment strategies. To 
prevent catheter-induced coronary spasm, heparinized 
anticoagulation and intracoronary nitroglycerin (100–200 μg) 
were routinely administered prior to OCT imaging. After 
initializing the OCT imaging system (Light Lab C7 XRTM; 
LightLab Imaging, Westford, MA, USA), creating a new 
case, preparing the C7 Dragonfly imaging catheter (St. Jude 
Medical, St. Paul, MN, USA), and connecting this catheter 
to the drive motor and optical controller and an integrated 
drive motor and optical controller, image acquisition 
begins after acquiring test images and verifying calibration. 
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A conventional angioplasty guidewire (0.014 inches) was 
advanced to the distal end of the lesion and then a C7 
Dragonfly imaging catheter was inserted at least 10 mm 
from the lesion. Images were acquired using an automatic 
retraction device at 20 mm/s.

A dual-source CT scanner (SOMATOM Force CT; 
Siemens Healthineers, Erlangen, Germany) was used for 
image acquisition. None of the patients took drugs to 
reduce heart rate or dilate blood vessels, and their heart rate 
was controlled within 90 beats per minute under natural 
conditions. First, a calcium scoring scan was performed to 
determine the calcification burden of each blood vessel. 
Prospective electrocardiogated serial scanning was used in 
all patients, the time window of 30–80% R-R interval was 
collected, the automatic tube voltage (CARE kV; Siemens 
Healthineers), automatic tube current (CARE Dose 4D; 
Siemens Healthineers), and the speed was 0.25 s/rot. Using 
a dual-barrel power injector, a bolus of contrast media (55–
60 mL) was injected into the antecubital vein at a rate of 
4–5 mL/s, followed by a 30–40 mL saline flush. Intelligent 
tracking technology was adopted to track the descending 
aorta root and trigger automatically when the threshold 
value of 100 Hounsfield units (HU) was reached. A scanning 
delay of 6 s was implemented. The reconstruction layer was 
0.75 mm thick and the reconstruction interval was 0.5 mm.  
The CT system automatically reconstructed optimal 
diastolic and systolic data at 0.75 mm thickness and Bv44 
convolution kernel. After scanning and reconstruction, 
the data was transferred to the workstation for multi-
plane reconstruction (MPR), including coronal and sagittal 
images, combined with maximum intensity projection (MIP) 
and volume reconstruction (VR).

Image analysis

OCT analysis was performed using the OCT imaging 
system (Light Lab C7 XRTM) by experienced observers who 
were blinded to the outcomes of the CCTA. OCT image 
observation indicators include TCFA, plaque rupture, 
thrombus, and calcified nodules. Based on the results of the 
OCT image analysis, all plaques were classified as high-risk 
plaques or non-high-risk plaques. Plaques showing the signs 
of TCFA, plaque rupture, calcified nodules, and thrombus 
were defined as high-risk plaques, whereas plaques that did 
not show these signs were defined as non-high-risk plaques 
(10,11). Lipid-rich plaques with thin fibrous caps (minimum 
thickness <65 μm) were defined as TCFA; discontinuity of 
thin fibrous caps with localized cavitation was defined as 

plaque rupture; irregular masses that adhered to the luminal 
surface or floated within the lumen were defined as thrombi; 
and nodular calcifications protruding into the lumen with 
rupture of the fibrous cap and sometimes thrombosis were 
defined as calcified nodules (12).

Qualitative analysis of CCTA images was performed 
us ing a  workstat ion (Syngo.Via ,  VB20;  S iemens 
Healthineers). The qualitative indicators of CCTA plaques 
included PR, LAP, SC, NRS, and number of vulnerable 
plaques signs. PR was defined as the ratio of the largest 
vessel diameter in the segment where the plaque was 
located to the proximal reference vessel diameter of ≥1.12. 
LAP was defined as the presence of any component with 
a CT value <30 HU within the plaque. SC was defined as 
the presence of calcified plaque with a diameter <3 mm in 
any direction, length of the calcium less than 1.5 times the 
vessel diameter, and width of the calcification <2/3 of the 
vessel diameter (13). NRS is characterized by a low-density 
plaque core surrounded by high-density annular shadows (14). 
The number of vulnerable plaques signs was defined as the 
number of signs of vulnerable plaques present at the same 
time on a plaque.

Quantitative analysis of CCTA images was performed 
using a software (Coronary Plaque Analysis 4.2.0; Siemens 
Healthineers). To ensure consistency of plaque location 
assessment using CCTA and OCT, the distances between 
the segment where the plaque is located and the opening 
of the coronary vessel and the surrounding branches were 
set as anatomical landmarks for judgment. Both ends of 
the plaque were manually determined; manual adjustments 
were implemented if the identification of the lumen and 
wall was not accurate. According to the CT threshold 
(HU), plaque components were classified as follows: lipid 
plaques, −100 to 30 HU; fibrous plaques, 30 to 190 HU; 
and calcified plaques, >190 HU (15). Plaque quantitative 
indicators include plaque burden (PB), calcified plaque 
volume (CPV), calcified plaque ratio (CP%), non-CPV 
(NCPV), non-calcified plaque ratio (NCP%), fibrotic 
plaque volume (FPV), fibrotic plaque ratio (FP%), lipid 
plaque volume (LPV), lipid plaque ratio (LP%), minimum 
lumen area (MLA), eccentricity index (EI), stenosis rate 
(SR), and remodeling index (RI). The plaque components 
ratio was defined as the percentage of plaque volume of each 
component in total plaque volume (plaque volume of each 
component/total plaque volume × 100%). PB was defined as 
the ratio of plaque volume to blood vessel volume.

The results of the OCT and CCTA were compared 
blindly on a segment-to-segment basis. The same two 
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senior radiologists reviewed the data retrospectively, and 
qualitative and quantitative plaque parameters derived from 
CCTA were recorded. Finally, the evaluation results were 
checked for consistency. The quantitative parameters were 
evaluated using intraclass correlation coefficient (ICC), 
whereas the qualitative parameters were evaluated using 
Coehn’s kappa.

Statistical analysis

The software SPSS 23.0 (IBM Corp., Armonk, NY, 
USA) and R (version 3.6.1; R Foundation for Statistical 
Computing, Boston, MA, USA) were used for statistical 
analysis. Continuous variables were expressed as mean with 
standard deviation (conforming to normal distribution) or 
median with interquartile range (non-normal distribution), 
and categorical variables were expressed as percentage 
(%). Kappa agreement and ICC were used to assess 
interobserver agreement. For between-group comparisons 
of quantitative variables, independent t-test and Mann-
Whitney U test were used, whereas for between-group 
comparisons of categorical variables, Chi-squared test 
and Fisher’s exact test were used. To identify independent 
factors for detecting OCT-defined vulnerable plaques, 
univariate and multivariate logistic regression analyses were 
performed with a stepwise approach. A P value of <0.1 in 

univariate analysis was used as the inclusion criterion for 
the multivariate logistic analysis. The diagnostic efficacy 
of parameters was evaluated using the receiver operating 
characteristic (ROC) curve, area under the curve (AUC), 
accuracy, sensitivity, and specificity. The optimal cutoff 
was determined using the Youden’s index, and differences 
between AUCs were determined using Delong’s test. A P 
value of <0.05 was considered statistically significant.

Results

Patient characteristics

At the beginning, 49 patients who had undergone both 
CCTA and OCT were reviewed. Among these patients, 8 
who had experienced a time interval of more than 4 weeks 
between CCTA, OCT, and ICA examination; 7 who had 
CCTA image quality that was significantly damaged; 
and 3 for whom CCTA or OCT was performed after 
coronary intervention were excluded from this study. 
Finally, 31 patients, including 24 males and 7 females, with 
CVD were included (Figure 1). The age of the analyzed 
patients ranged from 39 to 77 years, with a mean age of 
57.7±10.6 years. A total of 76 plaques were analyzed, with 
15 vulnerable plaques meeting the OCT definition and 61 
nonvulnerable plaques meeting the OCT definition. There 

Patients who underwent OCT
(n=531)

Patients who underwent both 
CCTA and OCT

(n=49)

CCTA image quality was significantly damaged 
and could not be included in the analysis

(n=7)

CCTA or OCT examinations were performed 
after PCI

(n=3)

The interval between CCTA, OCT, and ICA was 
more than 4 weeks

(n=8)

Final study population
(n=31)

Figure 1 Flowchart of patient inclusion. A total of 49 patients who had undergone both CCTA and OCT were reviewed. Finally, 31 
patients, including 24 males and 7 females, with CVD were included. OCT, optical coherence tomography; CCTA, coronary computed 
tomography angiography; ICA, invasive coronary angiography; PCI, percutaneous coronary intervention; CVD, cardiovascular disease.
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were no significant differences in the distribution of clinical 
characteristics, such as age, gender, obesity, and chronic 
disease history, between vulnerable and nonvulnerable 
plaque cases (P>0.05) (Table 1). The number of vulnerable 
plaques distributed in the left anterior descending (LAD), 
left circumflex (LCX), and right coronary artery (RCA) 
was 7, 2, and 6, whereas the number of non-vulnerable 
plaques was 47, 8, and 6, respectively. Plaques localization 
in the LAD and RCA differed between vulnerable and 
nonvulnerable plaque groups.

Analysis of differences in CCTA parameters between 
vulnerable and nonvulnerable plaques

The quantitative parameters evaluated using ICC were 
>0.85, whereas the qualitative parameters calculated using 
kappa were >0.75.

When LAP, SC, PR, number of high-risk plaque signs, 
NCP%, and LP% were compared between the vulnerable 
and nonvulnerable plaque groups, a statistically significant 
difference was observed (P<0.05). However, no significant 
differences in the NRS, PB, CPV, NCPV, FPV, FP%, 
LPV, MLA, EI, SR, and RI were observed between the two 
groups (Table 2, Figures 2,3).

Independent predictors

Univariate analysis showed that SC, LAP, PR, NCPV, 
NCP%, LP%, and FPV were potential predictors of 
vulnerable plaques (P<0.1) (Table 3 and Figure 4).

The qualitative model was constructed by incorporating 
parameters with P<0.1 from the single factor analysis, 
and the qualitative indicators were derived using stepwise 
regression. Ultimately, SC [odds ratio (OR) =4.521; 95% 

confidence interval (CI): 1.022–20.008] and LAP (OR 
=8.012; 95% CI: 2.024–31.718) remained as significant 
parameters in the qualitative model. The quantitative model 
was constructed using a multi-factor backward stepwise 
approach, with LP% (OR =1.148; 95% CI: 0.993–1.327) 
being the sole remaining quantitative variable. A mixed 
model combining both qualitative and quantitative 
indicators was constructed using stepwise regression 
analysis, resulting in FPV (OR =1.013; 95% CI: 1.003–
1.024) and LAP (OR =23.416; 95% CI: 4.725–116.055) 
remaining (Table 4).

Efficacy evaluation of models based on different parameters 
of CCTA in diagnosing vulnerable plaques

Compared with qualitative and quantitative models, a mixed 
model (LAP and FPV) established based on screening 
of all CCTA parameters had the highest AUC [mixed 
model, AUC =0.87, 95% CI: 0.808–0.979; qualitative 
model (PC and LAP), AUC =0.80, 95% CI: 0.654–0.941; 
and quantitative model (LP%), AUC =0.64, 95% CI: 
0.528–0.866]. ROC curve evaluation of the three models 
revealed that the AUC of the mixed model was significantly 
higher than that of the qualitative model (DeLong’s test: 
P=0.022), and the diagnostic performance evaluation of 
the quantitative and qualitative models compared with the 
mixed model showed statistical significance (McNemar test, 
P<0.05) (Table 5 and Figure 5).

Discussion

In the present study, due to the limited availability of 
diagnostic and treatment procedures, there was a scarcity 
of cases presenting both OCT plaques and preoperative 

Table 1 CVD patients’ baseline characteristics

Variables Non-vulnerable plaques (n=21) Vulnerable plaques (n=10) P value

Age (years) 57.9±9.8 56.3±11.4 0.468

Sex (male) 18 [86] 7 [70] 0.358

Hypertension 14 [67] 6 [60] 0.717

Hypercholesterolemia 6 [29] 4 [40] 0.685

Diabetes 4 [19] 3 [30] 0.652

Smokers 6 [29] 4 [40] 0.685

BMI ≥28 kg/m2 3 [14] 4 [40] 0.172

Values are mean ± standard deviation or n [%]. CVD, cardiovascular disease; BMI, body mass index.
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CCTA, resulting in a small sample size. Ultimately, analysis 
of 76 plaques in 31 patients using CCTA and OCT revealed 
that (I) when OCT results were used as a reference, 
FPV and LAP were independent indicators of high-risk 
and non-high-risk plaques. (II) Compared with using 
qualitative or quantitative parameters alone to diagnose 
vulnerable plaques, a mixed model based on all qualitative 
and quantitative meaningful parameters showed better 
diagnostic performance.

OCT has long been considered the gold standard for 
plaque quantification and characterization. However, it is 
invasive and its application is limited to specific lesions. 
CCTA is a more appealing alternative to intravascular 

imaging because it allows noninvasive plaque assessment 
in the whole coronary tree in a diverse population. A 
recent serial study demonstrated that the qualitative 
and quantitative plaque features derived from CCTA 
were consistent with those derived from OCT (16). The 
combination of lesion location and the presence of high-
risk plaque characteristics, including PR, LAP, SC, and 
the NRS, enables CCTA to provide valuable indications 
regarding lesion risk (17).

In this study, we found that LAP, SC, and PR were 
significantly different between the vulnerable and 
nonvulnerable plaque groups. Moreover, SC could serve as 
a potential independent predictor for diagnosing vulnerable 

Table 2 Comparison of vulnerable and non-vulnerable plaques with qualitative and quantitative parameters

Variables Vulnerable plaques (n=15) Non-vulnerable plaques (n=61) P value

NRS 6 [40] 17 [28] 0.365

SC 7 [47] 6 [10] 0.003

LAP 9 [60] 7 [11] <0.001

PR 9 [60] 19 [31] 0.039

Number of vulnerable plaques signs 2±2 0±2 <0.001

PB 0.62±0.25 0.64±0.16 0.243

CPV (m3) 35.6±41.47 37.17±56.6 0.725

CP% 35.98±18.83 38.42±23.59 0.563

NCPV (m3) 93.49±135.59 58.8±71.17 0.208

NCP% 64.02±18.83 63.1±21.82 0.044

LPV (m3) 0.52±9.21 0.13±1.77 0.178

LP% 0.8±9.2 0.1±2 0.046

FPV (m3) 92.97±136.14 58.74±68.14 0.264

FP% 63.05±18.46 60.26±20.72 0.061

MLA (m2) 3.52±5.39 2.97±3.3 0.7

RI 0.98±0.63 1.06±0.69 0.306

EI 0.37±0.28 0.34±0.36 0.638

SR (%) 32.51±59.14 26.72±39.05 0.238

The data for (NRS, SC, LAP, and PR) are presented as number [%], whereas the number of vulnerable plaque signs is presented as 
the median with interquartile range, other variables not specified are presented as mean ± standard deviation. For between-group 
comparisons of categorical variables (NRS, SC, LAP, PR, and number of vulnerable plaques signs), Chi-squared test and Fisher’s 
exact test were used, whereas for between-group comparisons of quantitative variables (PB, CPV, CP%, and others were not noted), 
independent t-test and Mann-Whitney U test were used. Number of vulnerable plaques signs is vulnerable plaque number that a plaque 
had at the same time. NRS, napkin-ring sign; SC, spotty calcification; LAP, low attenuation plaque; PR, positive remodeling; PB, plaque 
burden; CPV, calcified plaque volume; CP%, calcified plaque ratio; NCPV, non-calcified plaque volume; NCP%, non-calcified plaque ratio; 
LPV, lipid plaque volume; LP%, lipid plaque ratio; FPV, fibrotic plaque volume; FP%, fibrotic plaque ratio; MLA, minimum lumen area; RI, 
remodeling index; EI, eccentricity index; SR, stenosis rate.
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Figure 2 An example of qualitative analysis of plaques. The figure shows the NRS and SC in the sag, cross sectional CCTA images, and 
OCT images at the same level of lumen where the plaque is located (right corner). NRS, napkin-ring sign; SC, spotty calcification; CCTA, 
coronary computed tomography angiography; OCT, optical coherence tomography.

Figure 3 An example of quantitative analysis of plaques. The plaques were quantitatively analyzed by software. RCA, right coronary artery.
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Table 3 Univariate logistic regression analysis to assess potential predictors related to vulnerable plaque

Variables OR 2.5% CI 97.5% CI P value

NRS 1.725 0.511 5.553 0.363

SC 8.021 2.174 31.520 0.002

LAP 11.571 3.275 45.351 <0.001

PR 3.316 1.049 11.189 0.044

Number of vulnerable plaques signs 1.531 0.579 4.543 0.999

PB 0.193 0.007 5.118 0.321

CPV (m3) 0.994 0.979 1.004 0.347

CP% 0.992 0.966 1.017 0.558

NCPV (m3) 1.007 1.000 1.014 0.069

NCP% 1.025 0.997 1.057 0.092

LPV (m3) 1.043 0.991 1.117 0.126

LP% 1.148 0.990 1.333 0.062

FPV (m3) 1.007 0.999 1.015 0.071

FP% 1.024 0.995 1.057 0.111

MLA (m2) 1.031 0.852 1.219 0.729

RI 0.479 0.123 1.327 0.235

EI 1.468 0.148 12.996 0.733

SR (%) 1.013 0.995 1.033 0.179

Number of vulnerable plaques signs is vulnerable plaque number that a plaque had at the same time. OR, odds ratio; CI, confidence 
interval; NRS, napkin-ring sign; SC, spotty calcification; LAP, low attenuation plaque; PR, positive remodeling; PB, plaque burden; CPV, 
calcified plaque volume; CP%, calcified plaque ratio; NCPV, non-calcified plaque volume; NCP%, non-calcified plaque ratio; LPV, lipid 
plaque volume; LP%, lipid plaque ratio; FPV, fibrotic plaque volume; FP%, fibrotic plaque ratio; MLA, minimum lumen area; RI, remodeling 
index; EI, eccentricity index; SR, stenosis rate.

plaques, whereas LAP can serve as an independent indicator 
of vulnerable plaques. Ito et al. analyzed 122 plaques from 
81 patients using OCT results as the gold standard and 
found that the PR and LAP detected using CCTA were 
consistent with those diagnosed using OCT (18). Several 
studies have demonstrated that CCTA has the potential 
to diagnose vulnerable plaques (19). Interestingly, recent 
research has shown that the combination of all 4 vulnerable 
plaque characteristics (NRS, LAP, SC, and PR) in CCTA 
exhibits the highest accuracy in diagnosing vulnerable 
plaques (20). Therefore, we herein showed that these 
features are associated with vulnerable plaques.

A study by Ferencik et al. revealed that compared with the 
volume of plaques in patients with stable angina pectoris (21),  
the volume of noncalcified plaques in patients with 
MACEs was higher, which is consistent with the results 

of this study. NCP% and LP% derived from CCTA were 
significantly consistent with those of vulnerable plaques 
derived from OCT. In addition, LP% has been shown to 
be a potential independent predictor for plaques, and our 
study demonstrated that FPV could serve as an independent 
indicator for OCT-defined vulnerable plaques. The higher 
the LP%, the higher the corresponding LPV. Several 
previous studies have confirmed that massive calcifications 
are often clinically stable, and NCPV is an important 
substrate of MACEs (21,22). According to recent studies, 
LAP can be used as an independent predictor for vulnerable 
plaques (23,24). This study, which used OCT as a control, 
confirmed previous research results. As a result, CCTA 
has a significant predictive value for adverse cardiac events 
as well as a good prompting effect on clinical judgment of 
MACEs and early intervention to prevent the occurrence of 
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Figure 4 The violin plot in potential predictors of quantitative parameters. Univariate analysis showed that NCPV, NCP%, LP%, and 
FPV were potential predictors of vulnerable plaques. In the violin plot, the width of the nonvulnerable plaque was larger than that of the 
vulnerable plaque, which indicated that the distribution of the quantitative parameters was concentrated in the nonvulnerable plaque group 
and dispersed in the vulnerable plaque group. The quantitative parameters of the NCP% were evenly distributed in the vulnerable and non-
vulnerable plaque groups. NCPV, non-calcified plaque volume; NCP%, non-calcified plaque ratio; LP%, lipid plaque ratio; FPV, fibrotic 
plaque volume.

Table 4 Multivariate logistic regression evaluation of independent predictors and modeling of vulnerable plaques

Models Predictors B S.E. Wald P value OR (95% CI)

Qualitative model SC 1.509 0.759 3.952 0.047 4.521 (1.022–20.008)

LAP 2.081 0.702 8.787 0.003 8.012 (2.024–31.718)

Quantitative model LP% 0.138 0.074 3.482 0.062 1.148 (0.993–1.327)

Mixed model FPV 0.013 0.005 6.04 0.014 1.013 (1.003–1.024)

LAP 3.153 0.817 14.91 <0.001 23.416 (4.725–116.055)

S.E., standard error; OR, odds ratio; CI, confidence interval; SC, spotty calcification; LAP, low attenuation plaque; LP%, lipid plaque ratio; 
FPV, fibrotic plaque volume.

cardiovascular events.
This study indicates that the combination of FPV and 

LAP has high accuracy in diagnosing vulnerable plaques. 
Yuan et al. revealed that the combination of LAP and 
epicardial fat features derived from CCTA can be used as 
an independent predictor for vulnerable plaque lesions 
diagnosed using intravascular ultrasound (IVUS) (25). Qiao 

et al. revealed that the combination of quantitative plaque 
parameters and fractional flow reserve can significantly 
improve the ability to predict plaque progression (26). 
Previous studies have mostly used quantitative or qualitative 
parameters alone to verify the performance of CCTA in 
diagnosing vulnerable plaques; only a few studies have 
combined the two types of parameters for diagnosing 
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vulnerable plaques (27,28). In the present study, quantitative 
and qualitative parameters were combined to diagnose 
vulnerable plaques (29,30), and OCT was used as a control 
to improve the accuracy of CCTA in diagnosing vulnerable 
plaques, confirming the accuracy of CCTA in assessing 
plaque components.

Several clinical studies have demonstrated the clinical 
significance of CCTA-derived qualitative and quantitative 
plaque features (31-33). The accuracy of a semiautomated 
plaque measurement software for vulnerable plaques from 
noninvasive CCTA was confirmed in this study. Compared 
with the use of qualitative or quantitative parameters alone 
to diagnose vulnerable plaques, a mixed model based on all 

qualitative and quantitative meaningful parameters showed 
better diagnostic performance.

The present study has several limitations. Firstly, due 
to the intricate and costly nature of OCT as a technology 
with limited clinical applicability, the sample size in 
this study was relatively small. Additionally, this study 
solely assessed the diagnostic efficacy of qualitative and 
quantitative parameters without incorporating variables 
such as pericoronary adipose tissue content and serological 
markers. Finally, we excluded heavily calcified lesions, which 
make accurate plaque assessment with OCT impossible 
and thus cannot be reasonably included in a head-to-head 
comparison with CT. Therefore, future studies with a larger 
sample size and the use of the combination of IVUS and 
OCT are warranted.

CCTA combined with quantitative and qualitative 
parameters is more valuable in diagnosing OCT-defined 
vulnerable plaques. The plaque component analysis results 
derived from CCTA can be used in patient risk stratification 
and as routine follow-up and admission examination items 
for patients with CVD to monitor changes in plaque 
composition and prevent the occurrence of MACEs.
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