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Supplemental Material and Methods.

Contrast enhanced Ultrasounds (CEUS)

The CEUS investigation focused on the single lesion that fulfilled the inclusion criteria specified in the manuscript. CEUS loop recordings were considered of adequate quality, if the lumen of the carotid artery was completely enhanced and the plaque was delineated. Quality was further classified as follows: 1 = sufficient, 2 = moderate; 3 = good. No adverse events occurred. 

MRI imaging.

Carotid magnetic resonance imaging (MRI) was performed two weeks after the contrast-enhanced ultrasound examination (CEUS). A 3.0 T multitransmit MRI unit (Ingenia; Philips Medical Systems, Best, The Netherlands) was used. Sequence and parameters are detailed in Table S1 
 ADDIN EN.CITE 
(4-7)
. The protocol started with scout images and a 2D time-of-flight (TOF) MR angiography sequence to localize the carotid bifurcations, followed by a proton-density-weighted black-blood sequence scanned in an oblique sagittal plane to allow precise localization of the bifurcation, index plaque extension and reproducible planning of the subsequent MRI images. Moreover, the protocol included a T1-weighted spoiled gradient-recalled echo sequence without cardiac gating for dynamic contrast-enhanced phase (DCE-MRI), with the parameters listed in Table S1 (8). Data were simultaneously acquired at 10 axial locations centred on the carotid bifurcation and repeated for 15 time points with a time resolution of 19s. Coincident with the third image in the sequence, 0.1 mmol/kg of a gadolinium-based contrast agent (Dotarem R, Guerbet Group, Villepinte, France) was injected at a rate of 2 ml/s using a power injector. Spatial saturation bands were applied to induce T1-dependent blood signals resulting in dark blood on image prior to contrast agent arrival 
 ADDIN EN.CITE 
(8, 9)
.

All of the MRI scans were performed at the Hospital of San Giovanni in Bellinzona, Switzerland (RW and PS), saved on a standard local PACS system, and digitally sent to an MRI core lab for blinded image analysis (JS and DX). Image quality was graded on a 4-point scale depending on the overall signal-to-noise ratio and identifiable boundaries: 1 = poor and 4 = excellent quality 
 ADDIN EN.CITE 
(4, 6)
. Only images having quality score ≥ 2 were included in the analysis.

Image matching.

It is well-known that duplex ultrasound and MRI acquisition planes are different. Therefore, the two techniques were carefully matched according to side, site (internal carotid artery, carotid bulb and common carotid artery) and anatomical landmarks, as suggested by previous histology-validated studies 
 ADDIN EN.CITE 
(5, 8, 10, 11)
. Carotid artery bifurcation was captured in the center of the longitudinal US image and the distance of the identified plaque from the bifurcation was measured and used as a reference for subsequent CEUS acquisition. All the measurements were performed to identify the greatest plaque extension on the longitudinal B-mode and the CEUS images. TOF MR angiography allowed to precisely localize the index stenosis by measuring the distance from the carotid artery bifurcation to help in ascertaining the analysis of the same plaque (10). 

Imaging analysis.

Contrast-enhanced ultrasound visual grading

CEUS-loop recordings were recorded and stored for subsequent offline analyses, using QLAB software (Philips Healthcare NV, Amsterdam, The Nederland). VV were graded according to three different visual methods that were previously published. 

Two-point scale grading (CEUS_A) 
 ADDIN EN.CITE 
(1)
: Grade 1 = no appearance of bubbles within the plaque or bubbles confined to plaque adventitial side; Grade 2 = appearance of bubbles within the plaque moving from the adventitial side or shoulder reaching plaque core. 

Three-point scale grading: (CEUS_B) 
 ADDIN EN.CITE 
(2)
: Grade 1 = no appearance of bubbles within the plaque; Grade 2 = moderate appearance of bubbles within the plaque; Grade 3 = extensive appearance of bubbles within the plaque. 
Four-point scale grading (CEUS_C) 
 ADDIN EN.CITE 
(3)
: Grade 0 = no appearance of neovascularization within the plaque; Grade 1 = limited appearance of neovascularization within the plaque; Grade 2 = moderate neovascularization within the plaque; Grade 3 = presence of a pulsating, arterial vessel within the plaque. 

Clinical and biochemical investigations 

Initial evaluation included a neurological and general physical examination, screening for cardiovascular risk factors, medications as well as a biochemical and a metabolic blood tests panels.
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Supplemental figures. 

Figure S1. Image analysis of multicontrast MRI for plaque localization and boundary identification.

All contrast weightings were aligned using carotid bifurcation as the fiducial landmark. Lumen (red) and outer wall (azure) boundaries are outlined, TOF and T1 weightings are reported as an example. T1 = T1-weighted; PD, proton-density-weighted; TOF, time-of-flight.
Figure S2. Enrolled subjects and reasons for drop-out. 
Most dropouts were secondary to MRI concerns. The group of 40 patients undergoing CEUS was already reported (15). Thirty of these patients completed the protocol without exclusion criteria and were included in the present final analysis. 




Supplemental Tables 

Table S1. Multicontrast MRI and DCE- MRI parameters

	
	T1w
	T2w
	PDW
	3D TOF
	3D MPRAGE
	T1w DCE

	Readout pulse
	2D FSE
	2D FSE
	2D FSE
	GRE
	GRE
	GRE

	TR, ms
	800
	4600
	4600
	20
	Shortest
	160

	TE, ms
	10
	50
	10
	Shortest
	Shortest
	4.8

	FOV
	160x160x32
	160x160x32
	160x160x32
	160x160x48
	160x160x48
	160x160x20

	Matrix
	560x560
	560x560
	560x560
	560x560
	560x560
	512x512

	Slice thickness, mm
	2
	2
	2
	2
	2
	2

	NEX
	1
	1
	1
	1
	1
	1

	No. of slices
	16
	16
	16
	48
	48
	10

	Blood suppression
	QIR
	MDIR
	MDIR
	No
	No
	Sat. Bands

	Slice gap, mm
	0
	0
	0 
	-1
	-1
	0

	Flip angle
	90
	90
	90
	20
	15
	50

	Scan time, min
	6
	3.5
	3.5
	3.0
	3.0
	4.5

	Gd contrast
	Yes/No
	No
	No
	No
	No
	Yes

	Cardiac gating
	No


DCE = dynamic contrast enhancement; DIR = double inversion recovery; FOV = field of view; FSE = fast spin echo; GRE = gradient recalled echo; MRI = magnetic resonance imaging; NEX = number of excitations; PDW = proton density-weighted; T1w = T1-weighted; T2w = T2-weighted; TE = echo time; TOF = time-of-flight; TR = repetition time

Table S2. Image quality records (n 30). 

	Characteristic
	Number ± SD (%) 

	CEUS quality
	

	Low 
	8 (20)

	Moderate 
	19 (47.5)

	Good 
	13 (32.5)

	MRI quality 
	

	Compositional 
	3.2 ± 0.7

	DCE
	2.6 ± 0.6


CEUS = contrast enhanced ultrasound; DCE = Dynamic contrast enhanced; MRI = magnetic resonance imaging; SD standard deviation
Table S3. Diagnostic agreement between CEUS and DCE-MRI for neovessels evaluation.

Agreement between dichotomized CEUS_C grading and DCE-MRI measured variables.

	
	CEUS_ dichotomized
	

	
	Low (Mean ± SD)
	High (Mean ± SD)
	p-value

	Transfer constant (Ktrans)
	
	
	

	Ktrans _Plaque (min-1)
	0.059 ±0.023
	0.074 ±0.027
	0.125 

	vp _Plaque
	0.094 ±0.040
	0.091 ±0.038
	0.798 

	Ktrans _Adv (min-1)
	0.063 ±0.028
	0.088 ±0.032
	0.029 *

	Fractional plasma volume (Vp)
	
	
	

	vp _Adv
	0.088 ±0.046
	0.093 ±0.040
	0.726 

	Ktrans _Plaque_max (min-1)
	0.089 ±0.028
	0.110 ±0.044
	0.121 

	vp _Plaque_max
	0.141 ± 0.058
	0.145 ±0.053
	0.873

	Ktrans _Adv_max (min-1)
	0.098 ±0.034
	0.139 ±0.046
	0.008 *

	vp _Adv_max
	0.133 ±0.073
	0.154 ±0.067
	0.413 


Low = low density of neovascularization (CEUS_C visual grading 0 and 1); High = high density of neovascularization (CEUS_C visual grading 2 and 3)

Table S4. Diagnostic agreement between CEUS and DCE-MRI for neovessels evaluation.

Agreement between dichotomized CEUS_C grading and DCE-MRI measured variables.

	
	Cohen’s K
	p-value

	
	
	

	Ktrans _Plaque (min-1)
	0.071
	0.696

	Ktrans _Adv (min-1)
	0.211
	0.232

	Ktrans _Plaque_max (min-1)
	0.196
	0.282

	Ktrans _Adv_max (min-1)
	0.464
	0.011*

	
	
	

	vp _Plaque
	-0.071
	0.696

	vp _Adv
	0.196
	0.282

	vp _Plaque_max
	0.000
	1.000

	vp _Adv_max
	0.141
	0.431


Table S5. Correlation between VV graded by CEUS and measured by DCE-MRI according to MRI coil used. 
For the first 13 patients, a bilateral two-element coil was used (dS Flex S, diam. 15 cm). During recruitment, a dedicated bilateral, eight-channel, phased-array carotid coil was launched (Carotid Coil Ingenia 3.0T – Philips Healthcare, The Netherlands). The remaining data acquisitions were performed using the latter. No differences in correlation is here show according to MRI coil used during the examination. 

	 
	 
	Ktrans _Plaque_max
	vp _Plaque_max
	Ktrans _Adv_max
	vp _Adv_max

	CEUS_A 
	Spearman Rho
	-0.011
	0.091
	0.159
	0.068

	
	Adjusted by Coils
	-0.027
	0.127
	0.170
	0.022

	CEUS_B 
	Spearman Rho
	0.079
	0.068
	0.416*
	0.100

	
	Adjusted by Coils
	0.080
	0.067
	0.416*
	0.117

	CEUS_C 
	Spearman Rho
	0.175
	0.123
	0.443*
	0.171

	
	Adjusted by Coils
	0.180
	0.117
	0.445*
	0.187


CEUS = contrast enhanced ultrasound; DCE= Dynamic contrast enhanced; MRI = Magnetic Resonance Imaging; 

MRI variables: Ktrans _Adv_max = maximal transfer constant measure of the adventitial layer; Ktrans _Plaque_max = maximal intraplaque neovascularization Ktrans;  vp _Adv_max = maximal fractional plasma volume measure of the adventitial layer;  vp_Plaque_max = maximal intraplaque neovascularization vp; * means significant correlation 
1

