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ARTICLE HIGHLIGHTS 1 

Type of Research: Multicenter prospective cross-sectional study 2 

Key Findings: Pixel motion was measured in 112 asymptomatic and 92 symptomatic carotid 3 

plaques from cine loops obtained using B-mode ultrasound. Increased maximum angular spread 4 

of vectors was strongly related to discordant motion and prevalence of symptoms.  A cut-off 5 

point (1200) could classify 86% of plaques correctly as symptomatic or asymptomatic. 6 

Take home Message: This study suggests a practical and reliable method of studying carotid 7 

plaque motion, which may be used in the identification of high-risk plaques which are prone to 8 

rupture.   9 

 10 

Table of Contents Summary 11 

In this cross-sectional study, pixel motion analysis showed that discordant motion was present in 12 

89.1% of symptomatic plaques in contrast to only 17.9% of asymptomatic plaques. Discordant 13 

motion was related to symptoms and a cut-off point (1200) of vector angular spread could 14 

identify 86% of the symptomatic plaques. Angular spread needs to be tested in prospective 15 

studies to determine whether it is an independent predictor of stroke.  16 Jo
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ABSTRACT 1 

Objective: Dynamic image analysis of carotid plaques has demonstrated that during systole and 2 

early diastole all plaque components move in the same direction (concordant motion) in some 3 

plaques, while in others, different parts of the plaque move in different directions (discordant 4 

motion). The aim of our study was (a) to determine the prevalence of discordant motion in 5 

symptomatic and asymptomatic plaques, (b) to develop a measurement of the severity of 6 

discordant motion and (c) to determine the correlation between the severity of discordant motion 7 

and prevalence of symptoms. 8 

Methods: 200 patients with 204 plaques producing 50-99% stenosis (112 asymptomatic and 92 9 

symptomatic) had video recordings of the plaque motion during 10 cardiac cycles. Video 10 

tracking was performed using Farneback’s method which relies on frame comparisons which in 11 

our study were made at 0.1 second intervals. The maximum angular spread (MAS) of motion 12 

vectors at 10-pixel intervals in the plaque area was measured in degrees. Plaques were classified 13 

as concordant (MAS < 700), moderately discordant (MAS 70-1200) and discordant (MAS > 14 

1200). 15 

Results: Motion was discordant in 89.1% of symptomatic plaques and only in 17.9% of 16 

asymptomatic plaques (p < 0.001). The prevalence of symptoms increased with increasing MAS. 17 

For MAS > 1200 the hazard ratio for presence of symptoms was 47.7 (95% CI 18.1 to 125.6) 18 

compared with the rest of the plaques after adjustment for degree of stenosis and mean pixel 19 

motion. The area under the ROC curve for prediction of the presence of symptoms by MAS was 20 

0.876 (95% CI 0.823 to 0.929). The use of the median value of MAS (1200) as a cut-off point, 21 

could classify 86% of plaques correctly (sensitivity 81.4%; specificity 91.2%; positive predictive 22 

value 90.2% and negative predictive value 83.0%). 23 
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Conclusions: The value of MAS in identifying asymptomatic plaques at increased risk of 1 

developing symptoms and particularly stroke should be tested in prospective studies. 2 
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INTRODUCTION 1 

Intervention for carotid artery disease is routinely based on the degree of internal carotid artery 2 

stenosis and the presence of recent symptoms. However, a proportion of patients with 3 

asymptomatic carotid plaques may be at high risk for future stroke 1 and conversely those with 4 

recent symptoms may be at low risk. 2 With advances in imaging there has been a significant 5 

effort to identify the vulnerable carotid plaque, using not only the degree of stenosis but also 6 

plaque texture features on CT  3, MRI  4 or ultrasound. 5   7 

 Ultrasound remains the most commonly used modality of imaging for carotid artery 8 

disease that provides information on the degree of stenosis and morphology of the carotid 9 

plaque. The Asymptomatic Carotid Stenosis and Risk of Stroke (ACSRS) study which followed 10 

1121 patients with 50-99% internal carotid artery stenosis for a mean of 4 years (range 6 months 11 

to 8 years) showed that after image normalisation, a number of plaque texture features such as 12 

low grey scale median (GSM), the presence of a large juxtaluminal black area without a visible 13 

echogenic cap (JBA) or the presence of discrete white areas (DWA) in a hypoechoic region are 14 

associated with increased stroke risk. It also showed that the combination of these texture 15 

features with the degree of stenosis and presence or absence of a history of contralateral 16 

symptoms could stratify patients into different stroke risk categories ranging from 0.5% to 14% 17 

per year. 1,6 However, a third of the strokes occurred in the low-risk group suggesting that there 18 

may be other possible causes of plaque rupture.  19 

Improvements in resolution of B-mode ultrasound enable assessment of dynamic plaque 20 

motion during cardiac cycle and can measure deformability (strain) of carotid plaques.  Pilot 21 

studies have suggested that echolucent plaques or echolucent areas of heterogenous plaques 22 

demonstrate greater deformability than echogenic plaques or echogenic areas of heterogenous 23 
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plaques. 7-9 Comparative studies, of carotid plaques assessed as high risk by MRI, had associated 1 

increased maximum motion on ultrasound elastography (peak strain) compared with stable 2 

plaques. 10    3 

  Internal stress is the force responsible for plaque rupture when it exceeds a certain value 4 

(yield stress) which cannot be measured using ultrasound. However, a marker of increased stress 5 

can be derived from the presence of motion (strains) in different directions that occur in the 6 

plaque. The ability to do this with ultrasound was first demonstrated by Meairs and Hennerici in 7 

1999 11 who showed that asymptomatic plaques had surface motion vectors of equal orientation 8 

and magnitude to those of the internal carotid artery wall, whereas symptomatic plaques had 9 

inherent surface movements which were different in magnitude and direction from the carotid 10 

wall. 11 

 Our team and others have subsequently demonstrated that the observations by Meairs and 12 

Hennerici apply to the whole area of the 2D-longitudinal B-mode image of carotid bifurcation 13 

plaques. 9,12-14 In some plaques, motion of all plaque components is in the same direction and 14 

magnitude (concordant motion), while in others, different parts of the plaque demonstrate motion 15 

in different directions and magnitude (discordant motion). 15,16 16 

 Our hypothesis is that discordant motion is an indication of high plaque internal stresses 17 

and quantitation of this discordant motion would be an indirect measurement of the severity of 18 

the risk of plaque rupture and by inference of risk of developing symptoms. The aim of our study 19 

was (a) to determine the prevalence of discordant motion in symptomatic and asymptomatic 20 

plaques, (b) to develop a measurement of the severity of discordant motion and (c) to determine 21 

the associations of discordant motion and absolute motion (irrespective of direction) with 22 

presence of symptoms.  23 
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 1 

MATERIAL AND METHODS 2 

Patients 3 

Patients who underwent ultrasound imaging for symptomatic and asymptomatic carotid artery 4 

stenosis greater than 50% in relation to the lumen of the normal distal internal carotid artery 5 

(NASCET method) in three different vascular laboratories at University College London 6 

Hospital, Ealing Hospital and Vascular Screening and Diagnostic Centre in London, UK were 7 

recruited. Institutional ethics committee approval by London-Harrow NRES Committee 8 

(11/LO/0299) and written patient informed consent were obtained. 9 

 10 

 Clinical information 11 

Clinical information collected was primarily the presence or absence of transient ischemic attack 12 

(TIA) or stroke in relation to the hemispheric cerebral side as diagnosed by the referring 13 

neurologist or surgeon. Age, gender, systolic and diastolic blood pressure (BP) as well as degree 14 

of internal carotid stenosis were recorded. Hypertension was considered present if systolic BP 15 

was >140 mmHg or diastolic BP > 90 mmHg or the patient was on antihypertensive therapy.  16 

 17 

Grading of internal carotid stenosis 18 

A combination of velocity criteria and velocity ratios were used to express the degree of stenosis 19 

in relation to the diameter of the distal internal carotid (NASCET method). 15 The Philips iU22 20 

ultrasound system (Philips Ultrasound, Bothell, USA) with an L9-3 linear array probe was used. 21 

 22 

Image Capture of Plaque Motion 23 
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At the end of the routine carotid duplex scan, video recording of B-mode images of the plaque 1 

was made initially with color flow or power Doppler to highlight the outline of the plaque and 2 

subsequently in grey scale for approximately 10 cardiac cycles. The beam of ultrasound was at 3 

right angles to the arterial wall. Depth was minimum, usually 2-3 cm, so that the plaque would 4 

occupy a large part of the image. Gain was reduced to abolish noise and then gradually increased 5 

so that there would be a minimum of noise in the vessel lumen. During recording, the patient was 6 

asked to stop breathing to prevent motion artefacts.  The video recordings were anonymised and 7 

processed blindly. 8 

 9 

Video processing 10 

Video processing was performed with the user friendly “Carotid Plaque-Motion Analysis” 11 

dedicated research software as previously described. 15,16 This software estimates motion using 12 

Farneback’s method 16 ,which depends on frame comparisons. Initially the colour flow video was 13 

loaded and viewed to visualise the outline of the plaque. Then the grey scale video was loaded 14 

(Fig 1 A; top left window). The software automatically detected the frame rate which was shown 15 

in a window below the image. A point in the common carotid was selected (see red dotted line in 16 

Fig 1 A and B; top left window), where the adventitia was bright and well delineated. This 17 

enabled the software to produce a well defined M-mode image of the arterial wall (Fig 1 A and 18 

B; top right window) used subsequently for identification of systole and diastole. Then, the scale 19 

was defined by using the centimetre markers on the right side of the image so that all 20 

measurements on the image could be expressed in mm. Subsequently, the operator outlined the 21 

plaque as the region of interest (ROI) shown in red (Fig 1 A and B) and entered the number of 22 

frames per 0.1 sec so that frame comparisons would be made for this standard time. Comparisons 23 
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of frames at 0.1 sec intervals throughout the video were then made by the software. An arbitrary 1 

threshold of 0.08 mm was set so that motions below this threshold, considered to be “noise”, 2 

were ignored. The results of frame comparisons were visualised by moving the cursor at the 3 

appropriate point on the M-mode image and saved in the patient’s folder. A total of 6 to 15 4 

(mean: 10) comparisons made during systole or early diastole when plaque motion was 5 

maximum (> 0.20 mm) were saved. For each frame comparison selected, three new displays 6 

were provided: (a) the plaque image with green vectors spaced at 10-pixel intervals representing 7 

magnitude of motion and direction, (Fig 1 A and B; bottom left) (b) the directional motion 8 

distribution in a circular histogram with a column for each 6 degree angle (Fig 1 A and B; 9 

bottom middle) and (c) a scatterplot of median pixel movement against the angle (Fig 1 A and B; 10 

bottom right).  11 

Measurements 12 

The first display (Fig 1 A and B; bottom left) provided a means of visual assessment of the 13 

presence of concordant or discordant motion. The second display (Fig 1 A and B; bottom 14 

middle) provided a means of determining the maximum angular spread (MAS) in degrees for 15 

pixel motions that were 20% of the peak motion (peak motion is shown by the 6-degree arc that 16 

has the biggest group of moving pixels). The third display (Fig 1 A and B; bottom right) was a 17 

scatterplot of the median motion of all the pixels on the vertical axis against the angular spread 18 

for each frame comparison on the horizontal axis. This display enabled the calculation of the 19 

maximum median motion in mm, which was the median of the pixel motions in the tallest 20 

column of the circular histogram, the mean pixel motion of all the pixels in mm and its 21 

standard deviation (SD) irrespective of direction. These calculated measurements were 22 

displayed in three windows below the scattergram (Fig 1 A and B). Frame comparisons with 23 
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maximum motion of less than 0.20 mm were ignored by the operator because such motion was 1 

considered to be below the resolution of ultrasound.  2 

 The displays of each frame comparison were saved in an image folder and the calculated 3 

values were saved in a text file which could be opened by Excel and used to calculate the mean 4 

values of all frame comparisons for each plaque.  5 

 6 

Visual Classification 7 

Plaques were classified visually into 3 groups according to the pixel motion during systole or 8 

early diastole: those having concordant motion (Fig 1 A), those with discordant motion (Fig 1 B) 9 

and those with moderate discordant motion. Concordant motion was considered present if all 10 

pixels in the plaque image moved in the same direction during systole in all cardiac cycles. 11 

Discordant motion was considered present if pixels moved in different directions (angle more 12 

than 45 degrees) in more than 50% of cardiac cycles. Moderate discordant motion was 13 

considered present if pixels moved in different directions in less than 50% of cardiac cycles. 14 

Motion analysis of all the plaques (N = 204) was performed twice blinded to symptoms 15 

by the same person one month apart to obtain intraobserver reproducibility. Fifty-nine plaques 16 

(29%) from the first 59 recruited patients were also analysed by a second person also blinded to 17 

symptoms to obtain interobserver reproducibility. 18 

 19 

Statistical Analysis 20 

Prevalence of symptomatic plaques in relation to age, gender, degree of stenosis and 21 

hypertension was explored using Chi Square. Because the prevalence of symptoms increased 22 
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with lesions producing greater than 80% stenosis, plaques were reclassified into two stenosis 1 

groups: 50-79% and 80-99%.  2 

 Subsequently, the results of the two visual analyses performed by the same person and 3 

the analyses performed by two different persons were compared using the Kappa statistic. 4 

 The prevalence of different types of plaque motion in asymptomatic and symptomatic 5 

plaques and the prevalence of symptoms in different plaque motion classes were determined. Chi 6 

Square was used to test the statistical significance. 7 

 The prevalence of symptomatic plaques in quartiles of maximum angular spread, 8 

maximum median motion, mean pixel motion and its SD was calculated. Because the 9 

distribution of these continuous variables was not normal and because the change in prevalence 10 

across quartiles was not linear, significant variables were reclassified: maximum angular spread 11 

into two groups using the median (1200) as a cut-off point; mean pixel motion and its SD into 3 12 

groups by combining the 3rd with the 4th quartiles. 13 

 Subsequently, a multivariable linear logistic regression analysis was performed using 14 

symptoms (present or absent) as the dependent variable and the reclassified above 15 

measurements, including stenosis, as the explanatory variables. The developed logistic 16 

regression model was then used to calculate the risk of symptoms present for every plaque. 17 

 Receiver operating characteristic (ROC) curves were produced for the independent 18 

predictors for presence of symptoms. Using the optimum cut-off points (highest sensitivity 19 

combined with highest specificity) for the variables with the greatest areas under the curve, a 20 

final plaque classification was produced.  21 

 22 

RESULTS 23 
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Two hundred patients with 204 plaques having 50-99% stenosis (112 asymptomatic and 92 1 

symptomatic) were admitted to the study. Of the 92 patients with symptomatic plaques, 29 2 

presented with carotid territory ipsilateral hemispheric carotid stroke and 63 with TIAs as 3 

determined by the referring physician. Other demographics were as follows: (mean± SD) age 4 

73.0 ± 9.5, internal carotid stenosis 67.4 ± 13.6%; prevalence of male patients 64%, hypertension 5 

71%, smoking history 38%, statin therapy 67% and antiplatelet therapy 74%. 6 

 There was not any statistical significance in the prevalence of symptoms in relation to age 7 

groups (<60, 60-70, 70-80, >80), gender or hypertension. However, the prevalence of 8 

symptomatic plaques was higher in lesions with greater than 80% stenosis. It was 57.1% in 9 

patients with 80-99% and 41.3% in patients with 50-79% stenosis (p = 0.037) (Odds Ratio 1.95; 10 

95% CI 1.04 to 3.79). 11 

 Intraobserver variability in 204 plaques was high (Kappa statistic 0.843; p < 0.001) and 12 

interobserver variability in 59 plaques was good (Kappa statistic 0.736; p < 0.001). 13 

Overall plaque motion was concordant in 75 (36.8%), moderately discordant in 27 14 

(13.2%) and discordant in 102 (50.0%) (Table I). In symptomatic carotid plaques motion was 15 

discordant in 89.1% compared with asymptomatic plaques in which motion was discordant in 16 

only 17.9% (p < 0.001) (Table I). 17 

The prevalence of symptoms was 2.7% in the presence of concordant motion, 29% in the 18 

presence of moderate discordant motion and 80.4% in the presence of discordant motion (p < 19 

0.001). 20 

The prevalence of symptoms increased with increasing maximum angular spread (p < 21 

0.001) but not with maximum median motion (p = 0.233) (Table II). Prevalence of symptoms 22 

decreased with increasing mean pixel motion (p < 0.001) and its SD (p = 0.011) (Table II).  23 

Jo
urn

al 
Pre-

pro
of

Downloaded for Anonymous User (n/a) at University of Western Australia from ClinicalKey.com.au by Elsevier on November 13, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.



13 

 

In a multivariable linear logistic regression analysis with symptoms (present or absent) as 1 

the dependent variable and MAS, stenosis, maximum median motion, mean pixel motion  and 2 

SD of mean pixel motion as explanatory variables, only maximum angular motion , stenosis and 3 

mean pixel motion were independent predictors of the presence of symptoms (Table III). It can 4 

be seen from this model that the most important variable is maximum angular spread which 5 

carries a Hazard Ratio of 47.7 (95% CI 18.13 to 125.6) having been adjusted for stenosis and 6 

mean pixel motion.  7 

The relationships between MAS, mean pixel motion, plaque motion class and symptoms 8 

are shown in Fig 2A and Fig 2B. 9 

The areas under the ROC curves of the significant variables for predicting probability of 10 

the model for identifying presence of symptoms were: 0.876 (95% CI 0.823 to 0.929) for MAS, 11 

0.575 (95% CI 0.496 to 0.655) for stenosis and 0.285 (95% CI 0.264 to 0.414) for mean pixel 12 

motion. The area under the curve of the ROC for predicted probability for presence of symptoms 13 

by the model was 0.917 (95% CI 0.879 to 0.955), which is close to that of the MAS. By taking 14 

0.6 as the cut-off point of the predicted probability (highest sensitivity with the highest 15 

specificity) plaques could be classified into symptomatic or asymptomatic with an accuracy of 16 

86.3%. The use of the median value of MAS (120 degrees), as a cut-off point to classify plaques, 17 

provided the same accuracy (Table IV). 18 

The prevalence of symptomatic plaques increases in relation to both, stenosis (< 80% or 19 

>80%) and quartiles of MAS. 20 

 21 

DISCUSSION 22 
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The results of the present study indicate that the majority of symptomatic plaques (89.1%) have 1 

inherent discordant motion in contrast to asymptomatic plaques of which approximately only a 2 

sixth (17.9%) have discordant motion (p < 0.001) (Table I). This finding confirms that high 3 

internal stresses are more common in symptomatic plaques.  4 

Each green motion vector superimposed on the plaque image (Fig 1 A and B) is the 5 

resultant motion per unit time (0.1 sec in our study) of several movements: (a) the overall 6 

movement of the plaque with the arterial wall and (b) movements within the plaque. If the 7 

internal movements of different parts of the plaque are negligible or are all in the same direction, 8 

then the resultant vectors will be in the same direction indicating concordant motion. However, if 9 

the motions of different parts of the plaque are in different directions then the resultant vectors 10 

representing different pixels will no longer be parallel but will be at an angle. The MAS of the 11 

vectors is a measure of the spread of the directions of internal motions and by inference internal 12 

plaque stresses. When internal motions are in near opposite directions the MAS is 180 degrees or 13 

higher (Fig 1 B). Our data demonstrate that with increasing MAS there is an associated increase 14 

in the prevalence of symptomatic plaques (Table II). Values of MAS of less than 700 are 15 

associated with plaques visually classified as having concordant motion, intermediate values of 16 

70-1200 with moderate discordant motion and values greater than 1200 with discordant motion 17 

(Fig 2 A). Also, values greater than 1200 are associated with predominantly symptomatic plaques 18 

(Fig 2 B). This finding supports our hypothesis that MAS, which is a computer-generated 19 

continuous variable, is a quantitative measure of the severity of discordant motion and a marker 20 

of plaque instability.  21 

The association between the low mean pixel motion and high prevalence of symptoms or 22 

discordant motion (Table II) is difficult to explain. It may be the result of different opposing 23 
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forces (high MAS) reducing the overall plaque motion. However, compared with the MAS it has 1 

a relatively small contribution to the diagnostic strength of the multivariable logistic model 2 

(Table III).  3 

 The prevalence of symptomatic plaques increased also with stenosis greater than 80% 4 

and this indicates a patient selection bias. Adjustment for severity of stenosis has been achieved 5 

in the multivariable linear logistic model confirming the statistical significance of MAS (Table 6 

III). 7 

 Theoretical calculations of the internal stresses (forces) of plaques based on MRI 8 

geometry and 2-D fluid structure interaction modelling in recent publications suggested that 9 

symptomatic plaques had higher stresses than asymptomatic plaques. The calculated higher 10 

stresses in symptomatic plaques were associated with the presence of a higher lumen curvature 11 

and were independent of the degree of luminal stenosis or plaque composition. 17-19 These 12 

findings support the belief that it is the combination of inherent structure weaknesses and 13 

dynamic stresses which exceed the yield stress that results in plaque rupture. 14 

  In our present study, the orientation of 2D-pixel-motions of the whole plaque area with 15 

its quantitation provided by the MAS is a means of measuring plaque internal stress. MAS is the 16 

end-product of the external pressure forces on the plaque during the cardiac cycle combined 17 

with plaque consistency, geometry and inherent weaknesses of the plaque body and fibrous cap.  18 

Several forces are responsible for the motions of different plaque components. Just prior 19 

to systolic flow, the pulse pressure wave that travels fast along the arterial tree results in a rapidly 20 

increasing pressure followed by a slower decrease in pressure during diastole. Pulse pressure has 21 

already been demonstrated to be a strong independent predictor of ulceration of symptomatic 22 

carotid plaques. 20 Increased velocity in the stenosis during systole is associated with increased 23 
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shear stress and decrease in pressure along the stenosis, so that the plaque is subjected to a high 1 

pressure proximally and a reduced pressure distally. 21  Further local reduction in pressure within 2 

the stenosis can be produced by the Bernulli effect, which may result in a paradoxical reduction 3 

of lumen cross-sectional area during systole. 22-24 Turbulence and vibrations by a bruit will 4 

produce additional stresses on the plaque. 25 Thus, different parts of the plaque are subjected to 5 

different forces which can be calculated or measured in laboratory models but not in vivo. 25 6 

However, the resultant motions (strains) of different parts of the plaque can be detected by video 7 

recordings of B-mode ultrasound. Their directions and magnitudes are an indication of the 8 

stresses within the plaque. Future studies should investigate the association between peak 9 

systolic and end diastolic velocities with maximum angular spread. 10 

 Our method of measuring maximum angular spread (MAS) is reproducible and practical. 11 

The recording of the video at the end of the routine carotid examination is within the capability 12 

of all ultrasonographers, adds very little time to the whole procedure and has already been shown 13 

to be practical in an established vascular laboratory doing routine carotid scans. 9 The use of 14 

dedicated software specially written by one of the authors (EK) allows the motion estimations to 15 

be performed on a laptop in less than 20 minutes.  16 

 A limitation of the study is that it is cross-sectional. However, because the results 17 

demonstrate that 17.9% of the asymptomatic plaques exhibit discordant movement and since 18 

concordant movement is rarely found in symptomatic plaques, this observation leads to a new 19 

hypothesis that asymptomatic plaques with discordant movement are the ones likely to become 20 

symptomatic. This new hypothesis needs to be tested in a prospective study of patients with 21 

asymptomatic carotid stenosis having optimal medical therapy. Additionally, plaque texture 22 

features already established as indicators of increased stroke risk could be studied at the same 23 
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time so that one can determine whether discordant movement is an independent predictor of 1 

stroke risk and whether when combined with plaque texture features will result in a more 2 

accurate stroke risk stratification. 3 

 4 

CONCLUSION 5 

Carotid plaque motion analysis of cine loops obtained using B-mode ultrasound is now practical 6 

and can be made on a laptop. Discordant motion is an indication of high plaque internal stresses 7 

and quantitation of this discordant motion by measuring the angular spread of motion vectors is 8 

an indirect measurement of the severity of the risk of plaque rupture and by inference of risk of 9 

developing symptoms. The prevalence of discordant motion was 89.1% in symptomatic and 10 

17.9% in asymptomatic plaques. The angular spread of motion vectors is a measurement of the 11 

severity of discordant motion and is associated with increasing prevalence of symptoms. It 12 

should be used in prospective studies of asymptomatic carotid plaques to determine its ability to 13 

predict the development of symptoms.  14 
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Fig 1. A Plaque with Concordant motion. All pixels move in the same direction 

during systole. Maximum angle between vectors is 30 degrees at maximum pixel 

motion of 0.38 mm. B Plaque with Discordant motion. Pixels move in different 

directions during systole. Maximum angle between vectors is 162 degrees at 

maximum pixel motion of 0.31 mm. 

Fig 2. A, Relationship between maximum angular spread, mean pixel motion and 

plaque motion class. B, Relationship between maximum angular spread, mean pixel 

motion and presence or absence of symptoms. 
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Table I.  The prevalence of plaque motion classes in asymptomatic and symptomatic plaques 

(Chi Square: p <  0.001). 

 

                             Plaque Motion  

           C          MD           D        Total 

     

Asymptomatic      73 (65.2%)      19 (17.0%)    20 (17.9%)     112 (100%) 

Symptomatic        2 (2.2%)       8 (8.7%)    82 (89.1%)       92 (100%) 

Total      75 (36.8%)     27 (13.2%)  102 (50.0%)      204 (100%) 

     

C, concordant; D, discordant; MD, moderately discordant. 
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Table II. The prevalence of symptomatic plaques and odds ratios in quartiles of maximum 

angular spread, maximum median motion, mean pixel motion and its standard deviation. 

Quartiles 
of MAS 

Range in 
Degrees 

N 
Plaques 

Symptomatic Unadjusted 
Odds Ratio and 

(95% CI) 

p for trend 
(Chi Square) 

 
1st 

 
< 53 

 
51 

    
2 (3.9%) 

 
1 

 
 

2nd 53-121 51  7 (13.7%) 3.90 (0.69 to 19.7)  

3rd 121-186 51 44 (86.3%) 154 (30.3 to 780)  

4th > 186 51 39 (76.5%) 79.6 (16.8 to 376) < 0.001 

Quartiles 
of  
MMM 

 
Range in 
mm 

    

1st < 0.2803 51   26 (51%) 1  

2nd 0.2803-
0.3346 

51 27 (52.9%) 1.08 (0.50 to 2.35)  

3rd 0.3346-
0.4302 

51 18 (35.3%) 0.52 (0.24 to 1.16)  

4th > 0.4302 51 21 (41.2%) 0.67 (0.31 to 1.47) p = 0.233 

Quartiles 
of 
MPM 

 
Range in 
mm 

    

1st < 0.1359 51 39 (76.5%) 1  

2nd 0.1359-
0.1568 

51 25 (49.0%) 0.29 (0.13 to 0.69)  

3rd 0.1568-
0.1896 

51 15 (29.4%) 0.13 (0.05 to 0.31)  

4th > 0.1896 51 13 (25.5%) 0.10 (0.04 to 0.26) p < 0.001 

Quartiles 
of MPM 
SD 

Range in 
mm 

    

1st < 0.0367 51 32 (62.7%) 1  

2nd 0.0367-
0.0494 

51 24 (47.1%) 0.53 (0.24 to 1.16)  

3rd 0.0494-
0.0663 

51 20 (39.2%) 0.38 (0.17 to 0.85)  

4th > 0.0663 51 16 (31.4%) 0.27 (0.12 to 0.62) p = 0.011 

 

CI, confidence interval; MAS, maximum angular spread; MMM, maximum median motion; MPM, 
mean pixel motion; SD, standard deviation. 
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Table III. Multivariable linear logistic regression with symptoms as the dependent variable. 

Maximum angular spread (≤121, >121), stenosis (<80% or ≥80%) and mean pixel motion 

(<0.1359, 0.1359-0.1568, >0.1568) were the only significant explanatory variables. 

 

Variable Hazard 

Ratio 

95% CI p 

    

MAS in degrees (≤120, >120) 47.72 18.13 to 125.6 < 0.001 

Stenosis % (<80% or ≥80%) 4.074 1.288 to 12.89 0.017 

Mean Pixel Motion in mm 

(<0.1359, 0.1359-0.1568, >0.1568) 

0.470 0.276 to 0.801 0.005 

Constant 0.043  < 0.001 

    

 

CI, confidence interval; MAS, maximum angular spread. 
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Table IV. Classification of plaques using the logistic regression model or the maximum 

angular spread with the median 1200   as the cut-off point, (Chi Square: p < 0.001). Sensitivity 

81.4%; Specificity 91.2%; Positive predictive value 90.2%; Negative predictive value 83.0%; 

Overall accuracy 86.3%. False positives 17.0%; False negatives 9.8%. 

 

 

 Clinical Symptoms  

Plaque Classification 

by logistic model or MAS 

Absent Present Total 

    

Predicted asymptomatic 

or MAS ≤ 120 

 

93 (91.2%) 

 

9 (8.8%) 

 

102 

Predicted symptomatic 

or MAS > 120 

 

19 (18.6%) 

 

83 (81.4%) 

 

102 

 

Total 

 

112 (54.9%) 

 

92 (45.1%) 

 

204 

    

MAS, maximum angular spread. 
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