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[bookmark: _Hlk144836129]Supplemental Methods. Details of Multi-modal Ultrasound Examination
[bookmark: _Hlk144836380]The multi-modal ultrasound examinations were analyzed retrospectively, and these analyses were conducted on a Siemens Acuson HELX3000 equipped with a 9L4 linear array transducer (4–9 MHz frequency range). B-mode ultrasound was routinely employed to scan entire observable length of the extracranial carotid artery, including its origin, bifurcation, and the distal extents of the internal carotid artery on both sides, with patients in a supine position and their heads tilted slightly contralaterally. B-mode ultrasound features such as location (right, left), echogenicity (low, mixed, high), position (anterior, posterior, lateral), plaque surface characteristics (regular, irregular, ulcer) and plaque size (length, thickness) were recorded. Additionally, color and spectral Doppler results were utilized to assess carotid blood flow, including peak systolic velocity, end-diastolic velocity, resistance index, and the degree of stenosis according to the Society of Radiologists in Ultrasound Consensus Criteria for ultrasound studies1). 
Shear wave elastography examinations
For shear wave velocity (SWV) studies, the mean SWV values of each plaque were collected from SWE examinations performed by two experienced sonographers. The SWE was conducted longitudinally on the target plaque, adjusting a sampling box to cover it. The Shear Wave Quality mode was used to create a two-dimensional color map within the plaque, with green color indicating good SWE quality. Regions of interest (ROI) were established within the plaque when the velocity map exhibited homogenous SWV distribution (green). Each ROI's SWV was quantitatively measured using a small box and then displayed.
Contrast enhanced ultrasound (CEUS) examinations
CEUS videos were retrieved retrospectively from the magnetic optical discs of the ultrasound equipment. These videos had been recorded following a standardized protocol. Each patient, during their initial examination, received a longitudinal scan of the target plaques after the administration of a 2.0 mL bolus injection of SonoVue (Bracco, Milan, Italy) via a 19 G peripheral venous cannula, which was then followed by a 5 mL saline flush. The mechanical index presets ranged from 0.10 to 0.15 with the focal zone set at a depth of 2–3 cm. A real time contrast enhanced cine loop (at least two minutes long) of the carotid plaque was acquired following the injection and stored digitally on magnetic optical discs.
Supplemental Results 1. Details of Feature Selection and Model Development
For each ROI, 837 radiomics features were extracted on both B-mode ultrasound image and the peak TIC value frame in CEUS video. These 837 features include 18 first-order statistics features, 24 gray-level co-occurrence matrix (GLCM) features, 16 gray-level run-length matrix (GLRLM) features, 16 gray-level size-zone matrix (GLSZM) features, 14 gray-level dependence matrix (GLDM) features and 5 neighborhood gray tone difference matrix (NGTDM) features as well as eight transformations (exponential, gradient, Local Binary Patterns-2D, logarithm, square, squareroot, wavelet-H and wavelet-L) for each one of them. The average ICC of radiomics features: 0.796 (range, 0.396–0.998) for B-mode ultrasound images and 0.637 (range, 0.292-0.998) for single peak TIC value frames in CEUS videos in the training group. ICC for SWV was 0.612. 72 radiomics features from the B-mode ultrasound images and 317 from the peak TIC value frames in CEUS videos were removed due to the ICC below 0.6. Among the remaining radiomics features, 188 from the B-mode ultrasound images and 73 from the peak TIC value frames in CEUS videos were found to be significantly associated with clinical symptoms. After performing the least absolute shrinkage and selection operator procedure, we constructed a USR model using 6 radiomics features from the B-mode ultrasound images and a CEUSR model with 14 radiomics features from the peak TIC value frames in CEUS videos. We then constructed a combined US-CEUSR model based on a total of 20 features from both sets.
Supplemental Results 2. Correlation of Intraplaque Contrast Enhancement and Radiomics Features in the CEUSR Model
Statistically significant differences were found in 6 radiomics features between the two groups (classified by the presence of intraplaque contrast enhancement): CEUS_original_GLSZM_ZoneVariance (p = 0.031), CEUS_original_GLRLM_RunVariance (p = 0.031), CEUS_original_firstorder_Uniformity (p = 0.006), CEUS_logarithm_GLSZM_GrayLevelNonUniformityNormalized (p = 0.015), CEUS_logarithm_GLRLM_GrayLevelNonUniformityNormalized (p = 0.015), and CEUS_logarithm_GLDM_LargeDependenceHighGrayLevelEmphasis (p = 0.012).


Supplemental Table 1. Clinical and multi-modal ultrasound characteristics of the carotid plaques in the whole cohort 
	Characteristics
	Total
(n = 112)
	Symptomatic
(n = 71)
	Asymptomatic
(n = 41)
	p value

	[bookmark: _Hlk144154460]Clinical characteristics

	Male
	99 (88.4)
	65 (91.5)
	34 (82.9)
	0.286c 

	Age (y)
	71.20 ± 8.95
	71.46 ± 8.52
	70.73 ± 9.75
	0.678a 

	Body mass index (kg/m²)
	23.16 ± 2.68
	23.30 ± 2.80
	22.92 ± 2.47
	0.466a 

	Hypertension
	91 (81.2)
	56 (78.9)
	35 (85.4)
	0.551c 

	Dyslipidemia
	66 (58.9)
	47 (66.2)
	19 (46.3)
	0.063c 

	Diabetes mellitus
	27 (24.1)
	21 (29.6)
	6 (14.6)
	0.121c 

	Smoking
	76 (67.9)
	48 (67.6)
	28 (68.3)
	1.000c 

	Coronary heart disease
	16 (14.3)
	8 (11.3)
	8 (19.5)
	0.357c 

	White blood cell count (109/L)
	7.20 (5.80, 8.80)
	7.00 (5.45, 8.60)
	7.70 (6.60, 9.00)
	0.060b 

	Platelet count (109/L)
	182.00 (152.75, 229.50)
	183.00 (161.50, 228.00)
	182.00 (149.00, 228.00)
	0.261b

	Triglycerides (mmol/L)
	1.39 (1.04, 1.89)
	1.39 (1.06, 1.75)
	1.41 (1.01, 2.02)
	0.420b 

	Total cholesterol (mmol/L)
	3.54 (3.02, 4.17)
	3.54 (3.06, 4.13)
	3.51 (3.00, 4.16)
	0.605b 

	C-reactive protein (mg/L)
	4.70 (1.90, 9.60)
	4.70 (2.10, 7.85)
	4.70 (1.90, 14.10)
	0.946b 

	Multi-modal ultrasound characteristics

	Plaque in left carotid artery
	51 (45.5)
	34 (47.9)
	17 (41.5)
	0.645c 

	Plaque echogenicity

	Low
	62 (55.4)
	45 (63.4)
	17 (41.5)
	0.040c 

	Mixed
	46 (41.1)
	24 (33.8)
	22 (53.7)
	0.063c 

	High
	4 (3.6)
	2 (2.8)
	2 (4.9)
	0.623d 

	Plaque position

	Anterior
	33 (29.5)
	21 (29.6)
	12 (29.3)
	1.000c 

	Posterior
	67 (59.8)
	42 (59.2)
	25 (61.0)
	1.000c 

	Lateral
	12 (10.7)
	8 (11.3)
	4 (9.8)
	1.000d 

	Plaque surface characteristics

	Irregular
	19 (17.0)
	12 (16.9)
	7 (17.1)
	1.000c 

	Ulcer
	14 (12.5)
	10 (14.1)
	4 (9.8)
	0.569d 

	Plaque size

	Length (cm)
	1.96 (1.60, 2.32)
	1.96 (1.60, 2.35)
	1.90 (1.58, 2.27)
	0.821b 

	Thikness (cm)
	0.47 ± 0.11
	0.47 ± 0.11
	0.47 ± 0.10
	0.911a 

	Carotid Doppler Ultrasound at Narrowest Region

	PSV (m/s)
	2.20 (1.42, 2.78)
	2.20 (1.55, 2.79)
	2.20 (0.93, 2.55)
	0.508b 

	EDV (m/s)
	0.70 (0.45, 1.01)
	0.70 (0.49, 1.00)
	0.70 (0.40, 1.04)
	0.808b 

	Resistive index (Unitless)
	0.60 (0.55, 0.65)
	0.60 (0.57, 0.66)
	0.60 (0.54, 0.64)
	0.328b 

	Severe stenosis
	68 (60.7)
	49 (69.0)
	19 (46.3)
	0.030c 

	SWV1 (m/s)
	4.19 ± 1.03
	4.12 ± 1.04
	4.31 ± 1.03
	0.351a 

	SWV2 (m/s)
	4.36 ± 0.95
	4.29 ± 1.00
	4.50 ± 0.87
	0.258a

	Intraplaque contrast enhancement
	56 (50.0)
	42 (59.2)
	14 (34.1)
	0.019c 


Values in bold mean statistically significant.
PSV: peak systolic velocity; EDV: end diastolic velocity; SWV: shear wave velocity.
Continuous variables are presented as mean ± standard deviation or median (interquartile range), and the other categorical variables are presented as number (percentage).
aT test; bMann-Whitney U test; cChi-squared test; dFisher exact test


Supplemental Table 2. Clinical and multi-modal ultrasound characteristics of the carotid plaques between the training and validation cohorts 
	Characteristics
	Total
(n = 112)
	Training cohort
(n = 84)
	Validation cohort
(n = 28)
	p value

	Clinical characteristics

	Symptomatic
	71 (63.4)
	54 (64.3)
	17 (60.7)
	0.910c

	Male
	99 (88.4)
	76 (90.5)
	23 (82.1)
	0.394c

	Age (y)
	70.50 (65.00, 78.25)
	71.00 (66.00, 78.25)
	68.00 (60.50, 75.25)
	0.218b

	Body mass index (kg/m²)
	23.16 ± 2.68
	23.29 ± 2.53
	22.77 ± 3.10
	0.371a

	Hypertension
	91 (81.2)
	65 (77.4)
	26 (92.9)
	0.124d

	Dyslipidemia
	66 (58.9)
	50 (59.5)
	16 (57.1)
	1.000c

	Diabetes mellitus
	27 (24.1)
	21 (25.0)
	6 (21.4)
	0.899c

	Smoking
	76 (67.9)
	61 (72.6)
	15 (53.6)
	0.102c

	Coronary heart disease
	16 (14.3)
	12 (14.3)
	4 (14.3)
	1.000d

	White blood cell count (109/L)
	7.20 (5.80, 8.80)
	7.20 (6.05, 8.80)
	7.20 (5.72, 9.00)
	0.995b

	Platelet count (109/L)
	182.00 (152.75, 229.50)
	182.00 (152.75, 218.25)
	185.00 (158.50, 239.00)
	0.665b

	Triglycerides (mmol/L)
	1.39 (1.04, 1.89)
	1.38 (0.99, 1.84)
	1.45 (1.21, 2.00)
	0.489b

	Total cholesterol (mmol/L)
	3.54 (3.02, 4.17)
	3.54 (3.02, 4.24)
	3.55 (3.06, 3.87)
	0.882b

	C-reactive protein (mg/L)
	4.70 (1.90, 9.60)
	4.70 (2.05, 9.85)
	4.70 (1.75, 6.67)
	0.587b

	Multi-modal ultrasound characteristics

	Plaque in left carotid artery
	51 (45.5)
	40 (47.6)
	11 (39.3)
	0.584c

	Plaque echogenicity

	Low
	62 (55.4)
	47 (56.0)
	15 (53.6)
	1.000c

	Mixed
	46 (41.1)
	34 (40.5)
	12 (42.9)
	1.000c

	High
	4 (3.6)
	3 (3.6)
	1 (3.6)
	1.000d

	Plaque position

	Anterior
	33 (29.5)
	28 (33.3)
	5 (17.9)
	0.188c

	Posterior
	67 (59.8)
	49 (58.3)
	18 (64.3)
	0.739c

	Lateral
	12 (10.7)
	7 (8.3)
	5 (17.9)
	0.290c

	Plaque surface characteristics

	Irregular
	19 (17.0)
	15 (17.9)
	4 (14.3)
	0.884d

	Ulcer
	14 (12.5)
	10 (11.9)
	4 (14.3)
	1.000d

	Plaque size

	Length (cm)
	1.96 (1.60, 2.32)
	1.98 (1.60, 2.39)
	1.94 (1.58, 2.22)
	0.719b

	Thikness (cm)
	0.47 ± 0.11
	0.48 ± 0.11
	0.45 ± 0.10
	0.200a

	Carotid Doppler Ultrasound at Narrowest Region

	PSV (m/s)
	2.20 (1.42, 2.78)
	2.20 (1.14, 2.97)
	2.20 (1.67, 2.24)
	0.334b

	EDV (m/s)
	0.70 (0.45, 1.01)
	0.70 (0.40, 1.10)
	0.70 (0.67, 0.86)
	0.829b

	Resistive index (Unitless)
	0.60 (0.55, 0.65)
	0.60 (0.54, 0.65)
	0.60 (0.59, 0.63)
	0.715b

	Severe stenosis
	68 (60.7)
	54 (64.3)
	14 (50.0)
	0.264c

	SWV1 (m/s)
	4.19 ± 1.03
	4.15 ± 1.07
	4.28 ± 0.94
	0.565a

	SWV2 (m/s)
	4.36 ± 0.95
	4.37 ± 0.98
	4.35 ± 0.87
	0.922a

	Intraplaque contrast enhancement
	56 (50.0)
	43 (51.2)
	13 (46.4)
	0.827c


PSV: peak systolic velocity; EDV: end diastolic velocity; SWV: shear wave velocity.
Continuous variables are presented as mean ± standard deviation or median (interquartile range), and the other categorical variables are presented as number (percentage).
aT test; bMann-Whitney U test; cChi-squared test; dFisher exact test

Supplemental Table 3. Clinical and multi-modal ultrasound characteristics of the carotid plaques in the validation cohort 
	Characteristics
	Symptomatic
(n = 17)
	Asymptomatic
(n = 11)
	p value

	Clinical characteristics

	Male
	16 (94.1)
	7 (63.6)
	0.062d

	Age (y)
	69.00 ± 9.37
	71.00 ± 12.45
	0.632a

	Body mass index (kg/m²)
	22.98 ± 3.02
	22.45 ± 3.33
	0.667a

	Hypertension
	15 (88.2)
	11 (100.0)
	0.505d

	Dyslipidemia
	12 (70.6)
	4 (36.4)
	0.121d

	Diabetes mellitus
	5 (29.4)
	1 (9.1)
	0.355d

	Smoking
	9 (52.9)
	6 (54.5)
	1.000c

	Coronary heart disease
	2 (11.8)
	2 (18.2)
	1.000d

	White blood cell count (109/L)
	7.08 ± 2.27
	8.37 ± 2.70
	0.184a

	Platelet count (109/L)
	197.00 ± 59.59
	195.36 ± 68.42
	0.947a

	Triglycerides (mmol/L)
	1.46 ± 0.49
	1.68 ± 0.60
	0.289a

	Total cholesterol (mmol/L)
	3.54 (2.97, 3.87)
	3.68 (3.32, 4.27)
	0.359b

	C-reactive protein (mg/L)
	4.70 (1.60, 6.90)
	4.70 (2.50, 4.85)
	0.905b

	Multi-modal ultrasound characteristics

	Plaque in left carotid artery
	7 (41.2)
	4 (36.4)
	1.000d

	Plaque echogenicity

	Low
	9 (52.9)
	6 (54.5)
	1.000c

	Mixed
	8 (47.1)
	4 (36.4)
	0.705d

	High
	0 (0.0)
	1 (9.1)
	0.393d

	Plaque position

	Anterior
	4 (23.5)
	1 (9.1)
	0.619d

	Posterior
	10 (58.8)
	8 (72.7)
	0.689d

	Lateral
	3 (17.6)
	2 (18.2)
	1.000d

	Plaque surface characteristics

	Irregular
	4 (23.5)
	0 (0.0)
	0.132d

	Ulcer
	3 (17.6)
	1 (9.1)
	1.000d

	Plaque size

	Length (cm)
	2.09 (1.85, 2.50)
	1.70 (1.42, 1.97)
	0.060b

	Thikness (cm)
	0.45 ± 0.11
	0.44 ± 0.10
	0.804a

	Carotid Doppler Ultrasound at Narrowest Region

	PSV (m/s)
	2.06 ± 0.76
	2.02 ± 0.79
	0.902a

	EDV (m/s)
	0.70 (0.68, 0.86)
	0.70 (0.67, 0.80)
	0.866b

	Resistive index (Unitless)
	0.60 (0.60, 0.61)
	0.60 (0.58, 0.65)
	0.596b

	Severe stenosis
	10 ( 58.8)
	4 ( 36.4)
	0.440d

	SWV1 (m/s)
	4.26 ± 0.94
	4.32 ± 0.98
	0.870a

	SWV2 (m/s)
	4.36 ± 0.96
	4.34 ± 0.75
	0.956a

	Intraplaque contrast enhancement
	9 (52.9)
	4 (36.4)
	0.460d


PSV: peak systolic velocity; EDV: end diastolic velocity; SWV: shear wave velocity.
Continuous variables are presented as mean ± standard deviation or median (interquartile range), and the other categorical variables are presented as number (percentage).
aT test; bMann-Whitney U test; cChi-squared test; dFisher exact test

Supplemental Table 4. Selected radiomics features from ultrasound images and peak time-intensity curve (TIC) value frame in CEUS videos
	Radiomics Features

	US_wavelet.L_GLRLM_LowGrayLevelRunEmphasis

	US_wavelet.L_GLDM_LargeDependenceHighGrayLevelEmphasis

	US_square_GLCM_Imc2

	US_original_GLSZM_SmallAreaLowGrayLevelEmphasis

	US_original_GLRLM_ShortRunLowGrayLevelEmphasis

	US_lbp.2D_firstorder_90Percentile

	CEUS_wavelet.L_GLSZM_LargeAreaEmphasis

	CEUS_wavelet.L_GLRLM_LongRunEmphasis

	CEUS_wavelet.H_GLSZM_SizeZoneNonUniformityNormalized

	CEUS_wavelet.H_GLRLM_RunLengthNonUniformityNormalized

	CEUS_squareroot_GLCM_Idmn

	CEUS_original_GLSZM_ZoneVariance

	CEUS_original_GLRLM_RunVariance

	CEUS_original_firstorder_Uniformity

	CEUS_logarithm_NGTDM_Complexity

	CEUS_logarithm_GLSZM_GrayLevelNonUniformityNormalized

	CEUS_logarithm_GLRLM_GrayLevelNonUniformityNormalized

	CEUS_logarithm_GLDM_LargeDependenceHighGrayLevelEmphasis

	CEUS_lbp.2D_GLSZM_GrayLevelNonUniformity

	CEUS_lbp.2D_GLRLM_GrayLevelNonUniformity


US: ultrasound; CEUS: contrast-enhanced ultrasound; GLCM: Gray Level Co-occurrence Matrix; GLDM: Gray Level Dependence Matrix; GLSZM: Gray Level Size Zone Matrix; GLRLM: Gray Level Run Length Matrix; NGTDM: Neighborhood Gray Tone Difference Matrix; wavelet.L: Low-frequency wavelet coefficients; wavelet.H: High-frequency wavelet coefficients; lbp.2D: 2-dimensional Local Binary Pattern; Imc: Informational Measure of Correlation; Idmn: Inverse Difference Moment Normalized.

Supplemental Table 5. Hyperparameters for different support vector machine (SVM) models determined by grid-search method
	SVM models
	Cost
	Gamma
	Kernel

	USR
	0.1
	1
	sigmoid

	CEUSR
	1
	1
	poly

	US-CEUSR
	100
	0.001
	rbf

	TUSR
	0.1
	1
	sigmoid

	TCEUSR
	0.1
	1
	linear

	TUS-CEUSR
	10
	0.01
	sigmoid


‘T’ means the traditional model constructed using intraplaque contrast enhancement; ‘USR’ means the model constructed using 6 radiomics features from ultrasound images; ‘CEUSR’ means the model constructed using 14 radiomics features from peak time-intensity curve value frame in contrast enhanced ultrasound videos; ‘US-CEUSR’ means the model based on 20 radiomics features from USR and CEUSR model; ‘TUSR’ means the model incorporating intraplaque contrast enhancement into the USR model; ‘TCEUSR’ means the model incorporating intraplaque contrast enhancement into the CEUSR model; ‘TUS-CEUSR’ means the model incorporating intraplaque contrast enhancement into the US-CEUSR model
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