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Coronary CT Angiography in Acute Coronary Syndrome 
and Analysis of Factors That Influence This Assessment

Objective	 To evaluate coronary CT angiography (CCTA) combined with Coronary Artery Disease Reporting 
and Data System (CAD-RADS) grading and with high-risk plaque characteristics for predicting 30‑day 
major adverse cardiovascular events (MACE) in patients with acute coronary syndrome (ACS).

Material and methods	 A prospective, multicenter cohort study was conducted by enrolling 300 ACS patients admitted to 
four tertiary hospitals from January 2023 to June 2024. All patients underwent CCTA examination 
within 24 h of admission. Coronary artery stenosis severity was assessed using CAD-RADS 2.0 criteria, 
and high-risk plaque characteristics, including low-density plaque, positive remodeling, spotty calcifi-
cation, and napkin-ring sign, were analyzed. Baseline clinical data were collected, Global Registry of 
Acute Coronary Events (GRACE) scores were calculated, and the 30‑day MACE incidence was evalu-
ated. Logistic regression analysis was used to evaluate risk factors, and receiver operating characteristic 
(ROC) curves were used to assess diagnostic performance.

Results	 The  incidence of 30‑day MACE was 22.7 % (68 / 300  cases). Spearman’s rank correlation analysis 
demonstrated that MACE incidence showed a significant positive correlation with the CAD-RADS 
grade (ρ=0.658, p<0.05), increasing from 0 % in CAD-RADS grade 0 to 100 % in CAD-RADS grade 5. 
Patients in the MACE group were older, had higher prevalence of diabetes and higher GRACE scores 
(all p<0.05). High-risk plaque characteristics, i.e., low-density plaque, positive remodeling, and nap-
kin-ring sign, were detected more frequently in the MACE group (all p<0.05). Multivariate analysis 
showed that the GRACE score and positive remodeling were independent predictors of 30‑day MACE 
(both p<0.05). The  comprehensive prediction model combining GRACE score, CAD-RADS grad-
ing, and high-risk plaque characteristics achieved an area under the ROC curve (AUC) of 0.789, sig-
nificantly superior to the  GRACE score model alone (AUC=0.723, p=0.018), representing a 9.1 % 
improvement in discriminative ability.

Conclusion	 A non-invasive imaging examination, CCTA, combined with CAD-RADS grading and high-risk 
plaque assessment can improve the prediction of 30‑day MACE risk in ACS patients beyond tradi-
tional risk scores, providing important reference for clinical risk stratification and precision treatment 
decision-making.
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Introduction
Acute coronary syndrome (ACS) is one of the  most 

critical clinical syndromes in cardiovascular disease. 
ACS includes ST-elevation myocardial infarction, non-
ST-elevation myocardial infarction, and unstable angi-
na and is characterized by high morbidity and mortali-
ty [1]. Accurate assessment of coronary lesion severity 
and short-term prognostic risk in ACS patients is of sig-
nificant clinical importance for developing individuali-
zed treatment strategies and, thus, for improving patient 
outcomes [2]. Traditional risk assessment primarily re-

lies on clinical presentation, electrocardiographic chang-
es, myocardial biomarkers (including cardiac troponin I 
and creatine kinase-MB), and Global Registry of Acute 
Coronary Events (GRACE) scores, but this assessment 
has limitations for predicting major adverse cardiovascu-
lar events (MACE) [3].

Coronary CT angiography (CCTA) is a non-inva-
sive imaging examination that can directly visualize co-
ronary anatomy, luminal stenosis severity, and plaque 
characteristics. It provides a new approach for risk stra-
tification in ACS patients [4]. The  CAD-RADS classi-
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fication system provides a  unified framework for stan-
dardized reporting of CCTA results, since coronary 
plaque morphological characteristics, such as low-den-
sity plaque, positive remodeling, spotty calcification, 
and napkin-ring sign, are closely associated with acute 
coronary events [5].

Large-scale prospective studies on the value of CCTA in 
prognostic assessment of ACS patients and its influencing 
factors are relatively limited [6]. Recent guidelines empha-
size the importance of non-invasive imaging in coronary di-
sease evaluation, with CCTA playing an increasingly signifi-
cant role in patient management [7].

This study systematically evaluated the  predictive value 
of CCTA combined with CAD-RADS grading and high-risk 
plaque characteristics for 30‑day MACE in ACS patients. 
This multicenter, prospective, cohort study aimed to provide 
scientific evidence needed for making improved decisions 
regarding clinical precision treatment [8].

Material and methods
Study Design and Patient Selection

This was a prospective multicenter cohort study of pa-
tients admitted from January 2023 to June 2024 to four 
tertiary hospitals (Changjiang Navigation General Hos-
pital, Henan Tianyou Integrated Traditional Chinese and 
Western Medicine Oncology Hospital, Western Thea
ter Air Force Hospital, and Shanghai Pudong Hospital). 
The  ethics committees of all participating hospitals ap-
proved the study protocol, and all patients signed informed 
consent forms. Inclusion criteria: age 18–80 yrs, meeting 
ACS diagnostic criteria, completion of CCTA examina-
tion within 24 h of admission, complete clinical data. Ex-
clusion criteria: severe renal dysfunction (serum creatinine 
>1.5 mg / dl), history of iodine contrast allergy, severe ar-
rhythmia affecting image quality, expected survival <6 mos, 
pregnancy or lactation, history of coronary artery bypass 
grafting (CABG).

Predictive Value of CAD-RADS Grading and High-Risk Plaque Characteristics
for 30-Day MACE in Patients with ACS

CAD-RADS Grade vs MACE Incidence

CAD-RADS Grade 0 0%

CAD-RADS Grade 1 2.8%

CAD-RADS Grade 2 8.3%

CAD-RADS Grade 3 17.7%

CAD-RADS Grade 4A 44.9%

CAD-RADS Grade 4B 66.7%

CAD-RADS Grade 5 100%

High-Risk Plaque Features in MACE Group

Predictive Model Performance (AUC)

Model 1
GRACE Score
AUC = 0.723

Model 2
GRACE + CAD-RADS

AUC = 0.756

Model 3
GRACE + CAD-RADS + High-Risk Plaque

AUC = 0.789

CCTA high risk plaque characteristics combined with CAD-RADs 
grading e�ectively predict 30 day MACE risk in ACS patients (22.7% incidence).

Independent predictors: 
GRACE score (OR=1.028), CAD-RADS ≥24 (OR=2.129), and positive remodeling (OR=1.902).

The comprehensive model provides superior diagnostic performance for clinical risk strati�cation.

Key Findings

Primary Endpoint
Major adverse cardiovascular 
event (MACE) during 30-day 

follow up 
68 patients

Study Design
Prospective multicenter study 

January 2023 – June 2024
300 ACS patients

4 tertiary hospitals

CCTA Assessment
Within 24 h of admission

Standardized protocol
CAD-RADS 2.0 grading

High-risk plague features

Low-Density Plague
0%

Spotty calci�cation
38.2%

Napkin-Ring sign
17.6%

Positive Remodeling
55.9%

Central illustration. Predictive Value of CAD-RADS Grading  
and High-Risk Plaque Characteristics for 30-Day MACE in Patients with ACS
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CCTA Examination Protocol

All patients were examined with 64‑slice or higher multi-
detector computed tomography (CT). Pre-examination 
preparation included oral metoprolol 25–50 mg if heart rate 
>70 beats / min and sublingual nitroglycerin 0.5 mg. Dual-
phase, contrast-enhanced scanning protocol was used with 
iohexol or iopromide contrast agent, dose 80–100 ml, in-
jection rate 4.5–5.0 ml / s. Scanning parameters: tube vol
tage 100–120 kVp, tube current 200–400 mAs, slice thick-
ness 0.625 mm, reconstruction interval 0.3 mm. Image 
reconstruction used electrocardiogram (ECG) gating tech-
nique, selecting mid-diastole for reconstruction. All images 
were independently read by two double-blinded radiologists 
with more than five yrs of experience in cardiovascular ima-
ging diagnostics. Consensus was reached through discussion 
when opinions differed.

Image Analysis and CAD-RADS Assessment
CAD-RADS 2.0 classification criteria were used to as-

sess coronary stenosis severity: CAD-RADS grade 0 (normal, 
0 % stenosis), CAD-RADS grade 1 (minimal, 1–24 % steno-
sis), CAD-RADS grade 2 (mild, 25–49 % stenosis), CAD-
RADS grade 3 (moderate, 50–69 % stenosis), CAD-RADS 
grade 4A (severe, 70–99 % stenosis, left main <50 %), CAD-
RADS grade 4B (severe, 70–99 % stenosis, left main ≥50 %), 
CAD-RADS grade 5 (total occlusion, 100 % stenosis). All co-
ronary segments were included in the atherosclerotic plaque 
analysis, with focus on symptom-related arteries. High-risk 
plaque characteristics were defined as: low-density plaque 
(CT value <30 Hounsfield units [HU]), positive remodeling 
(remodeling index >1.1), and spotty calcification, napkin-
ring sign. Quantitative analysis parameters included plaque 
volume, calcium score, and lipid core volume ratio.

Treatment Protocol and Management
All patients received standardized treatment according to 

guideline recommendations. Medical treatment included: 
dual antiplatelet therapy (aspirin 100 mg / d combined with 
either clopidogrel 75 mg / d or ticagrelor 90 mg twice dai-
ly), statin therapy (atorvastatin 20-40mg / d or rosuvastatin 
10–20 mg / d), beta-blockers (metoprolol 25–100 mg twice 
daily), angiotensin-converting enzyme inhibitors (ACEI), 
or angiotensin receptor blockers (ARB). Revascularization 
therapy (percutaneous coronary intervention (PCI) or co-
ronary artery bypass grafting (CABG)) was determined 
based on clinical symptoms, ECG changes, myocardial bio-
marker concentrations, and coronary lesion severity. PCI in-
dications were hemodynamically significant stenosis (lumi-
nal stenosis ≥70 % or left main ≥50 %), or moderate stenosis 
(50–69 %) with evidence of myocardial ischemia. CABG in-
dications included left main stenosis ≥50 %, three-vessel di-
sease, or complex multivessel disease with reduced left ven-

tricular function. Detailed records were kept of all patient 
treatment regimens, drug dosages, and intervention timing 
and method.

Clinical Assessment and Follow-up
Baseline clinical data were collected at admission, in-

cluding age, gender, medical history (hypertension, diabe-
tes, dyslipidemia, smoking history), laboratory data (includ-
ing myocardial biomarkers such as cardiac troponin I and 
creatine kinase-MB, lipids, and renal function), and results 
of ECG and echocardiographic analyses. The GRACE scor-
ing system was used to assess 30‑day MACE risk, with scor-
ing elements including age, heart rate, systolic blood pressure, 
serum creatinine, cardiac arrest history, ST-segment chang-
es, elevated myocardial biomarkers, and Killip classification. 
The primary study endpoint was defined as 30‑day MACE, 
including cardiac death, non-fatal myocardial infarction, and 
urgent revascularization. Secondary endpoints included re-
current angina, heart failure hospitalization, and stroke. All 
patients underwent 30‑day follow-up through outpatient 
visits, telephone follow-up, or medical record review to col-
lect endpoint event information.

Statistical Analysis
Statistical analysis was performed using SPSS 26.0 soft-

ware. Normally distributed continuous variables were ex-
pressed as mean ± standard deviation (SD), non-normally 
distributed variables as median (interquartile range), and 
categorical variables as number (percentage). Between-
group comparisons were performed with t-tests or Mann-
Whitney U tests as appropriate, and categorical variable 
comparisons were done with χ² tests or Fisher’s exact tests. 
Spearman’s rank correlation analysis was used to assess 
the  relationship between ordinal variables (such as CAD-
RADS grades) and MACE incidence. Logistic regression 
analysis was used to evaluate the  predictive value of CT 
characteristics for adverse events by first performing uni-
variate analysis and then including variables with p<0.10 
in multivariate analysis models. Multivariate analysis used 
forward stepwise regression, with traditional cardiovascu-
lar risk factors (age, gender, diabetes, hypertension, smo-
king history), previous myocardial infarction, LDL–C levels, 
treatment regimen (emergency PCI), GRACE score, and 
CT parameters (CAD-RADS grade≥4, low-density plaque, 
positive remodeling, spotty calcification, napkin-ring sign) 
simultaneously entered as covariates for adjustment. ROC 
curves were used to evaluate diagnostic performance by cal-
culating the area under the curve (AUC), sensitivity, specifi-
city, positive predictive value, and negative predictive value. 
The  DeLong test was used to compare diagnostic perfor-
mance of different models. p<0.05 was considered statisti-
cally significant.
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Results
Patient Baseline Characteristics (Table 1)

This study enrolled 300 ACS patients. Based on 
the  30‑day follow-up findings, 68 (22.7 %) patients experi-
enced MACE (MACE group), and 232 (77.3 %) patients 
did not (non-MACE group). Between-group comparison 
showed that MACE group patients were older, had higher 
diabetes prevalence and smoking history, and had more fre-
quent, previous myocardial infarctions (all p<0.05). MACE 
group patients had significantly elevated myocardial injury 
markers (cardiac troponin I and creatine kinase-MB), high-
er low-density lipoprotein cholesterol (LDL–C) levels, and 
higher GRACE scores (all p<0.05). No statistically signifi-
cant differences were found between groups for gender, body 
mass index, hypertension, and dyslipidemia (all p>0.05).

CAD-RADS Grading Results (Table 2)
The CAD-RADS grade distribution showed that moder-

ate to severe stenosis (CAD-RADS 3–5) accounted for 61.0 % 
of the MACE incidence. Spearman’s rank correlation analysis 
demonstrated a strong positive correlation between MACE 
incidence and CAD-RADS grade (ρ=0.658, p<0.001). Spe-
cifically, MACE incidence increased from 0 % in CAD-RADS 
grade 0 to 100 % in CAD-RADS grade 5. MACE incidence in 
patients with CAD-RADS grades 4A and 4B reached 44.9 % 
and 66.7 %, respectively, which was significantly higher than 
in the mild to moderate stenosis groups.

Analysis of Coronary Plaque Characteristics (Table 3)
A total of 1,286 plaques were detected across all 300 pa-

tients, with calcified plaques being the  most common. On 
average, patients had 4.3±2.1  plaques per individual. Pa-
tients in the MACE group had significantly higher rates of 
high-risk plaque characteristics, with detection rates of low-
density plaques, positive remodeling, and napkin-ring signs 
all significantly higher than in the  non-MACE group (all 
p<0.05). Accordingly, the MACE group patients had heavi-
er plaque burden, manifested as increased plaque number, el-
evated calcium score, enlarged plaque volume, and increased 
lipid core ratio (all p<0.01).

Treatment Strategy Analysis (Table 4)
All patients received standardized medical treatment as 

recommended by accepted guidelines. There was no sig-
nificant difference in medical treatment regimens between 
the  groups (all p>0.05). The  overall revascularization rate 
was 78.0 % (234 / 300 patients), with PCI being the  prima-

Table 1. Baseline patient characteristics

Variable
All 

patients 
(n=300)

MACE 
Group 
(n=68)

Non-
MACE 
Group 

(n=232)

p Value

Age (yrs) 62.4±11.8 66.8±10.2 61.1±12.0 0.001
Males 195 (65.0) 45 (66.2) 150 (64.7) 0.823
Body mass index 
(kg / m²) 24.8±3.4 24.6±3.2 24.9±3.5 0.587

Hypertension 198 (66.0) 48 (70.6) 150 (64.7) 0.366
Diabetes 89 (29.7) 28 (41.2) 61 (26.3) 0.017
Dyslipidemia 167 (55.7) 42 (61.8) 125 (53.9) 0.252
Smoking history 142 (47.3) 40 (58.8) 102 (44.0) 0.032
Previous MI 56 (18.7) 18 (26.5) 38 (16.4) 0.048
Previous PCI history 45 (15.0) 12 (17.6) 33 (14.2) 0.485
Peak troponin I 
(μg / l)

2.8  
(0.6–8.9)

6.2  
(2.1–15.4)

2.1  
(0.5–7.2) <0.001

Peak CK-MB (μg / l) 18.5  
(8.2–42.1)

35.6  
(16.8–78.2)

15.2  
(7.4–35.9) <0.001

Total cholesterol 
(mmol / l) 4.6±1.2 4.8±1.3 4.5±1.2 0.089

LDL–C (mmol / l) 2.9±0.9 3.1±1.0 2.8±0.9 0.032
GRACE score 128.5±24.6 142.8±22.4 124.1±23.8 <0.001
Data are mean±SD, median (interquartile range), or number (percent-
age). MACE, major adverse cardiovascular events; MI, myocardial in-
farction; PCI, percutaneous coronary intervention; CK-MB, creatine 
kinase-MB (a myocardial biomarker); LDL–C, low-density lipopro-
tein cholesterol; GRACE, Global Registry of Acute Coronary Events.

Table 2. MACE listed by CAD-RADS grade
CAD-RADS 

Grade Patients MACE 
Cases

MACE 
Incidence p Value

0 6 (2.0) 0 (0) 0

<0.001

1 36 (12.0) 1 (1.5) 2.8
2 72 (24.0) 6 (8.8) 8.3
3 96 (32.0) 17 (25.0) 17.7

4A 78 (26.0) 35 (51.5) 44.9
4B 9 (3.0) 6 (8.8) 66.7
5 3 (1.0) 3 (4.4) 100.0

Data are number (percentage) or percentage.

Table 3. Coronary plaque characteristics

Plaque Characteristic
All 

Patients 
(n=300)

MACE 
Group 
(n=68)

Non-
MACE 
Group 

(n=232)

p 
Value

Mean number of 
plaques per patient 4.3±2.1 5.1±2.3 4.0±2.0 0.001

Calcium score 186  
(45-413)

298  
(87-586)

156  
(39-369) 0.002

Plaque type
Calcified plaque 212 (70.7) 45 (66.2) 167 (72.0) 0.365
Non-calcified plaque 189 (63.0) 52 (76.5) 137 (59.1) 0.009
Mixed plaque 156 (52.0) 42 (61.8) 114 (49.1) 0.068

High-risk plaque features
Low-density plaque 132 (44.0) 42 (61.8) 90 (38.8) 0.001
Positive remodeling 126 (42.0) 38 (55.9) 88 (37.9) 0.009
Spotty calcification 87 (29.0) 26 (38.2) 61 (26.3) 0.059
Napkin-ring sign 27 (9.0) 12 (17.6) 15 (6.5) 0.005
High-risk  
plaque number 1.2±1.1 1.7±1.2 1.1±1.0 <0.001

Plaque volume (mm³) 126±79 168±89 112±73 <0.001
Lipid core ratio (%) 18.6±12.4 24.8±14.2 16.8±11.3 <0.001
Data are mean±SD, median (interquartile range), or number (percentage).
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ry treatment modality, accounting for 76.0 % (228 / 300  pa-
tients) of all cases. The  MACE group had a higher propor-
tion receiving revascularization treatment (p<0.01), with 
significantly higher proportion of emergency PCI and ave-
rage number of implanted stents (both p<0.05), reflecting 
the complexity and severity of the lesions.

30‑Day Follow-up Results (Table 5; Figures 1 and 2)
During the  30‑day follow-up period, MACE incidence 

was 22.7 %, with non-fatal myocardial infarction being 

Linear regression analysis revealed a significant positive 
correlation between the number of high-risk plaque 
features and MACE incidence (R²=0.952, p<0.001).
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Linear regression analysis revealeda signi�cant positive correlation 
between the number of high-risk plaque features and MACE 
incidence (R2=0.952, p<0.001).

Observed MACE Incidence
Linear Regression

Figure 1. Correlation Between Number  
of High-Risk Plaque Features and MACE Incidence

Table 4. Treatment strategies

Strategy
All 

Patients 
(n=300)

MACE 
Group 
(n=68)

Non-
MACE 
Group 

(n=232)

p 
Value

Pharmacological treatment
Dual antiplatelet 300 (100) 68 (100) 232 (100) –
Aspirin  
and clopidogrel 186 (62.0) 38 (55.9) 148 (63.8) 0.242

Aspirin and ticagrelor 114 (38.0) 30 (44.1) 84 (36.2) –
Statin therapy 298 (99.3) 68 (100) 230 (99.1) 0.999
Atorvastatin 189 (63.0) 43 (63.2) 146 (63.0) 0.967
Rosuvastatin 109 (36.3) 25 (36.8) 84 (36.2)
Beta-blockers 286 (95.3) 65 (95.6) 221 (95.3) 0.999
ACEI / ARB 274 (91.3) 62 (91.2) 212 (91.4) 0.962

Revascularization treatment
PCI 228 (76.0) 60 (88.2) 168 (72.4) 0.007
CABG 6 (2.0) 2 (2.9) 4 (1.7) 0.618
Conservative 
treatment 66 (22.0) 6 (8.8) 60 (25.9) 0.003

PCI timing
Emergency PCI (<12 h) 108 (36.0) 32 (47.1) 76 (32.8) 0.036
Early PCI (12–72 h) 84 (28.0) 19 (27.9) 65 (28.0) 0.987
Elective PCI (>72 h) 36 (12.0) 9 (13.2) 27 (11.6) 0.726
Number of stents 
implanted 1.6±0.8 1.9±0.9 1.5±0.7 0.003

Data are number (percentage). ACEI, angiotensin-converting en-
zyme inhibitor; ARB, angiotensin receptor blocker; PCI, percutane-
ous coronary intervention; CABG, coronary artery bypass grafting.

Table 5. 30‑day follow-up occurrence of endpoint events

Endpoint Event Cases 95 % Confidence 
Interval

Primary endpoint (MACE) 68 (22.7) 18.1–27.9
Cardiac death 6 (2.0) 0.7–4.3
Non-fatal myocardial infarction 38 (12.7) 9.1–17.1
Urgent revascularization 24 (8.0) 5.2–11.7

Secondary endpoints
Recurrent angina 89 (29.7) 24.6–35.2
Heart failure hospitalization 15 (5.0) 2.8–8.1
Stroke 3 (1.0) 0.2–2.9
All-cause mortality 8 (2.7) 1.2–5.2
Data are number (percentage). The 95 % confidence intervals repre-
sent the estimated range for the incidence proportion of each end-
point event.

Survival curves demonstrate significant differences in prognosis 
among patients with different CAD-RADS grades (log-rank test 
p<0.001).
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Figure 2. 30-Day Event-Free Survival 
Stratified by CAD-RADS Classification
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the most common. Among secondary endpoints, recurrent 
angina had the  highest rate at 29.7 %. CAD-RADS grading 
and number of high-risk plaque characteristics showed sig-
nificant positive correlations with MACE incidence. The re-
lationship between the number of high-risk plaque features 
and MACE incidence is demonstrated. As the  number of 
high-risk plaque features increases, MACE incidence shows 
an upward trend. Linear regression analysis revealed a  sig-
nificant positive correlation between the  two variables 
(R²=0.952, p<0.001). It should be noted that when the num-
ber of high-risk plaque features is low (0–1), MACE inci-
dence is relatively low with minimal variation, whereas when 
the  number of high-risk plaque features increases to 3  or 
more, MACE incidence rises substantially. This trend sug-
gests that the cumulative effect of high-risk plaque features 
has an important impact on prognosis. The  30‑day event-
free survival curves stratified by CAD-RADS classification 
are illustrated. Kaplan-Meier survival analysis demonstra
ted significant differences in prognosis among patients with 
different CAD-RADS grades (log-rank test p<0.001). At 
the  end of the  30‑day follow-up period, the  event-free sur-
vival rates were 97.6 % for CAD-RADS grades 0–1, 91.7 % 
for grade 2, 82.3 % for grade 3, 55.1 % for grade 4A, and only 

8.6 % for grades 4B-5. These findings confirm the important 
value of the CAD-RADS grading system in short-term prog-
nostic assessment of ACS patients, with higher CAD-RADS 
grades being closely associated with increased risk of early 
adverse events.

Univariate Analysis of MACE Risk Factors (Table 6)
Univariate analysis identified potential risk factors as-

sociated with 30‑day MACE occurrence. Among the  clin-
ical factors, age (per 1‑yr increase: OR=1.048, 95 % CI: 
1.018–1.079), diabetes (OR=1.954, 95 % CI: 1.124–3.398), 
smoking history (OR=1.816, 95 % CI: 1.048–3.145), and 
LDL–C levels (per 1 mmol / l increase: OR=1.356, 95 % 
CI: 1.025–1.794) were associated with MACE occurrence 
(all p<0.05). GRACE score showed a strong predictive val-
ue (per 1‑point increase: OR=1.034, 95 % CI: 1.022–1.047, 
p<0.001). Among the  imaging parameters, CAD-RADS 
grade ≥4 had the strongest predictive value (OR=3.248, 95 % 
CI: 1.896–5.564, p<0.001). All the high-risk plaque charac-
teristics were significantly associated with MACE occur-
rence (all p<0.05), including low-density plaque (OR=2.541, 
95 % CI: 1.486–4.346), positive remodeling (OR=2.089, 
95 % CI: 1.234–3.538), spotty calcification (OR=1.728, 95 % 
CI: 1.005–2.969), and napkin-ring sign (OR=3.047, 95 % 
CI: 1.398–6.641), with napkin-ring sign having the highest 
predictive value.

Model 1: GRACE score only; Model 2: GRACE + CAD-RADS; 
Model 3: GRACE + CAD-RADS + High-risk plaque features.
AUC comparison: Model 3 vs Model 1 (p=0.018), 
Model 3 vs Model 2 (p=0.041)
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Figure 3. ROC Curves for Predictive Models of 30-Day MACETable 6. Univariate logistic regression 
analysis of MACE risk factors

Variable OR
95 % 

Confidence 
Interval

p Value

Age (per 1‑yr increase) 1.048 1.018–1.079 0.001
Male 1.070 0.607–1.886 0.823
Hypertension 1.299 0.723–2.333 0.378
Diabetes 1.954 1.124–3.398 0.018
Dyslipidemia 1.378 0.793–2.396 0.253
Smoking history 1.816 1.048–3.145 0.034
Previous myocardial 
infarction 1.822 0.987–3.365 0.055

Previous PCI history 1.290 0.635–2.620 0.485
LDL–C (per 1 mmol / l 
increase) 1.356 1.025–1.794 0.033

GRACE score (per 
1‑point increase) 1.034 1.022–1.047 <0.001

CAD-RADS grade ≥4 3.248 1.896–5.564 <0.001
Low-density plaque 2.541 1.486–4.346 0.001
Positive remodeling 2.089 1.234–3.538 0.006
Spotty calcification 1.728 1.005–2.969 0.048
Napkin-ring sign 3.047 1.398–6.641 0.005
High-risk plaque num-
ber (per 1 value in-
crease)

1.524 1.235–1.881 <0.001

Emergency PCI 1.842 1.089–3.114 0.023
Statin therapy 0.686 0.298–1.578 0.378
OR, odds ratio; PCI, percutaneous coronary intervention; LDL–
C, low-density lipoprotein cholesterol; GRACE, Global Registry of 
Acute Coronary Events.
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Multivariate Analysis of MACE Risk Factors (Table 7)
After adjusting for confounding factors in the  multivari-

ate analysis, GRACE score, CAD-RADS grade ≥4, and posi-
tive remodeling remained independent predictors of MACE 
(all p<0.05). Although low-density plaque did not reach sta-
tistical significance, it showed a predictive trend (p=0.060). 
Traditional risk factors such as age, diabetes, and smoking 
history lost statistical significance in the multivariate model 
(all p>0.05). The overall predictive ability of the model was 
good (Nagelkerke R²=0.298).

Diagnostic Performance Evaluation 
of Prediction Models (Table 8, Figure 3)

Three progressive prediction models showed that 
the  comprehensive model (Model 3) combining GRACE 
score, CAD-RADS grade, and high-risk plaque characteris-
tics had the best diagnostic performance, with AUC signifi-
cantly superior to the other two models (both p<0.05). This 
model demonstrated excellent performance in sensitivity, 
specificity, and predictive values

Subgroup Analysis (Table 9)
Subgroup analysis of different clinical characteristics 

confirmed the universal predictive value of high-risk plaque 
characteristics, with no significant interaction effects found 
between subgroups (all interactions p>0.05). In diabetic pa-

tients, low GRACE score patients, and patients receiving PCI 
treatment, the predictive value of high-risk plaque character-
istics was more prominent (all p<0.05), while predictive effi-
cacy was relatively weaker in elderly patients, female patients, 
and high GRACE score patients.

Discussion
In this study, the  30‑day MACE incidence among ACS 

patients was 22.7 %, consistent with international, large-
scale ACS registry data [9]. MACE incidence increased sig-
nificantly along with CAD-RADS grading, from 0 % in CAD-
RADS grade 0 to 100 % in CAD-RADS grade 5, consistent 
with the  recognized relationship between coronary steno-
sis severity and prognosis [10]. In fact, MACE incidence in 
CAD-RADS grade 4A and 4B patients reached 44.9 % and 
66.7 % respectively, suggesting that patients with severe coro-
nary stenosis require aggressive treatment [11].

The  analysis of the  high-risk plaque characteristics 
showed their importance in MACE prediction. Low-densi-
ty plaque, positive remodeling, spotty calcification, and nap-
kin-ring sign had significantly higher presence in the MACE 
group, confirming that plaque morphological characteris-
tics can better reflect plaque instability and rupture risk than 
does simply noting the  presence of luminal stenosis [12]. 
The  comprehensive prediction model achieved an AUC 
of 0.789, demonstrating statistically significant superiori-

Table 7. Multivariate logistic regression analysis of MACE risk factors

Variable β Coefficient Standard Error OR 95 % Confidence 
Interval p Value

Age (per 1‑yr increase) 0.025 0.018 1.025 0.989–1.063 0.167
Diabetes 0.445 0.334 1.560 0.811–3.000 0.183
Smoking history 0.298 0.321 1.347 0.718–2.526 0.354
Previous myocardial infarction 0.412 0.368 1.510 0.734–3.105 0.263
LDL–C (per 1 mmol / l increase) 0.189 0.145 1.208 0.910–1.604 0.194
GRACE score (per 1‑point increase) 0.028 0.007 1.028 1.015–1.042 <0.001
CAD-RADS grade≥4 0.756 0.346 2.129 1.080–4.194 0.029
Low-density plaque 0.612 0.325 1.844 0.977–3.478 0.060
Positive remodeling 0.643 0.318 1.902 1.021–3.544 0.043
Spotty calcification 0.347 0.322 1.415 0.754–2.656 0.281
Napkin-ring sign 0.789 0.421 2.201 0.963–5.028 0.061
Emergency PCI 0.486 0.334 1.626 0.845–3.129 0.146
Constant β=–3.892, Model χ²=67.234, p<0.001, Nagelkerke R²=0.298. OR, odds ratio; PCI, percutaneous coronary intervention;  
LDL–C, low-density lipoprotein cholesterol; GRACE, Global Registry of Acute Coronary Events.

Table 8. Comparison of diagnostic performance of different prediction models

Prediction Model AUC
95 %  

Confidence 
Interval

Sensi-
tivity 
(%)

Speci-
ficity 
(%)

Positive 
Predictive 
Value (%)

Negative 
Predictive 
Value (%)

p Value*

Model 1 (GRACE score) 0.723 0.667–0.775 70.6 68.1 39.3 88.8 –
Model 2 (GRACE + CAD-RADS) 0.756 0.701–0.807 72.1 72.4 43.6 90.3 0.041
Model 3 (GRACE + CAD-RADS + high-risk plaque) 0.789 0.737–0.836 75.0 76.7 48.1 91.8 0.018
*p value compared to Model 1 using DeLong test; AUC, area under the curve; GRACE, Global Registry of Acute Coronary Events.
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ty over the GRACE score alone (AUC=0.723, p=0.018 by 
DeLong test), with a 9.1 % improvement in discriminative 
ability. While this improvement is modest in absolute terms, 
it represents a clinically meaningful enhancement in risk 
stratification, as demonstrated by the  improved sensitivity 
(75.0 % vs. 70.6 %) and specificity (76.7 % vs. 68.1 %) [13]. 
Multivariate analysis identified the  GRACE score, CAD-
RADS grade ≥4, and positive remodeling as independent 
predictors of 30‑day MACE. As a marker of coronary artery 
plaque instability, positive remodeling has an independent 
predictive value that provides a  new reference for clinical 
decision-making [14].

Subgroup analysis showed that high-risk plaque charac-
teristics had more prominent predictive value in patients 
with diabetes, low GRACE scores, and in PCI-treated pa-
tients, thus providing further incentive for application of pre-
cision treatment [15]. High-risk plaque characteristics have 
clear pathophysiological basis for MACE occurrence. Low-
density plaques contain large amounts of lipid core and in-
flammatory cells with thin fibrous caps, prone to rupture and 
cause acute thrombosis [16]. Positive remodeling reflects 
compensatory vascular wall expansion, often accompanied 
by intensified inflammatory reactions, leading to plaque in-

stability [17]. A napkin-ring sign indicates large lipid cores 
covered by thin-walled fibrous caps, a typical manifestation 
of plaque vulnerability [18].

CAD-RADS grading identifies hemodynamically signifi-
cant stenoses that reflect not only myocardial ischemia risk but 
often the accompanying complex plaque morphology [19]. In 
the  current study, even patients with moderate stenosis had 
a MACE incidence of 17.7 %, further supporting the  impor-
tance of plaque characteristics in risk assessment [20].

This study has certain limitations. First, a single ethnic 
population was included in the  study, so generalization of 
the results may be limited. Second, the 30‑day follow-up pe-
riod was relatively short; it did not permit evaluation of long-
term prognosis. Third, some inter-reader inconsistency must 
be acknowledged. Fourth, the currently applied quantitative 
standards for evaluation of some high-risk plaque character-
istic remain controversial [10].

Future studies should include multi-ethnic, large-sam-
ple prospective cohorts studied over extended follow-up 
periods. These studies should utilize artificial intelligence 
technology to develop tools for standardized, automated 
plaque analysis [21, 22]. Future studies should evaluate 
the success of individualized treatment strategies based on 
CCTA results [23].

Finally, it is important to recognize that recent advances 
in artificial intelligence and machine learning, as applied to 
coronary plaque analysis, show promising results for improv-
ing diagnostic accuracy and workflow efficiency [24]. The in-
tegration of AI-enabled automated plaque analysis with tra-
ditional risk assessment should further enhance prognostic 
stratification and clinical practice [25, 26].

Conclusions
This study confirms the  importance of CCTA high-risk 

plaque characteristics combined with CAD-RADS grading 
in short-term prognostic assessment of ACS patients. The in-
formation provided by this approach should improve clini-
cal risk stratification and provide a basis for precision treat-
ment of ACS.
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