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An ultrasound-derived stroke risk score to identify patients at high
risk of stroke
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Background: To develop an ultrasound-derived stroke risk (USR) score combining plaque stiffness, surface
morphology and lumen narrowing to evaluate the risk of stroke in patients with asymptotic carotid stenosis.
Methods: We developed the USR score in a prospective study of symptomatic and asymptomatic patients
with ipsilateral carotid lumen narrowing. Multivariable analysis was performed to identify parameters
associated with ischemic events, and a USR score was constructed based on the observed B coefficient. The
discrimination performance of the USR score was assessed using receiver operating characteristic (ROC)
curves. Twenty iterations of 5-fold cross-validation were used for internal validation.

Results: We derived the USR score (range, 0-7) by incorporating plaque stiffness (>80 kPa, 0 points; 60—
79 kPa, 1 point; 40-59 kPa, 2 points; <40 kPa, 3 points), plaque surface (smooth, 0 points; irregular, 1 point;
ulcer, 2 points) and carotid stenosis (<50%, 0 points; 50-69%, 1 point; >70%, 2 points). After adjusting for
age and sex, the odds ratio (OR) for every 1-point increase in the USR score increase was 3.3 (P<0.001). The
risk of ischemic events increased with increasing USR score (P for trend <0.001). The C statistic of the USR
score was 0.84 in the derivation sample and 0.82 in the validation sample.

Conclusions: The USR score to assess the risk of ischemic events in patients with carotid stenosis
showed preferable discrimination ability and robustness. While external validation is warranted to prove the

predictive value, this risk score could help accelerate triage decisions in similar patient populations.
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Introduction a growing amount of evidence has shown that vulnerable

. . carotid plaques play an important role in the occurrence
Stroke is a leading cause of death and long-term praques pray P

disability worldwide (1). Approximately 15% to 20% of
all ischemic strokes are attributable to artery-to-artery

of stroke, independent of the severity of carotid stenosis
(5,6). This paradigm shift of assessment of the occurrence
thromboembolism caused by carotid atherosclerotic of ischemic events provides a new strategy for primary and

disease (2). Currently, guidelines for prevention on stroke secondary stroke prevention (7).

in patients with carotid atherosclerosis are based on
quantification of carotid stenosis degree (3,4). However,

Carotid ultrasound is the primary noninvasive technique

for diagnosing and following up with atherosclerotic carotid
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disease (8). Conventional ultrasound can evaluate plaque
morphology, size, echogenicity, and hemodynamic changes
and provide an important basis for clinical decisions.
Despite the recent development of several ultrasound
techniques, none of them are currently used in clinical
routines for carotid plaque screening (9,10). These new
techniques, such as shear wave elastography (SWE) (11),
enable the assessment of plaque stiffness and may add
a new possible surrogate parameter for symptomatic
atherosclerotic plaques.

At present, risk stratification of patients with
asymptomatic carotid stenosis is still controversial for
carotid revascularization. Improved approaches to identify
patients at the highest risk of ischemic events may refine
clinical decisions, allowing treatment to be more precisely
targeted towards patients who are most likely to benefit.
The aim of this study was to develop a risk score scale of
multiparameter ultrasound, including plaque stiffness,
surface morphology and carotid stenosis degree, for the
identification of patients at high risk of stroke and to
investigate the discrimination performance of the scale. We
present the following article in accordance with the STARD
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-8205).

Methods
Study participants

A systematic description of the patient selection,
ultrasound evaluation, and clinical information was
previously described (12). Patients with >50% proximal
internal carotid artery lumen narrowing confirmed by
carotid ultrasound were consecutively included at Beijing
Tiantan Hospital from December 2018 to December
2019. The exclusion criteria were patients showed a
definitive cardioembolic cause of stroke or an unusual
etiology according to the TOAST standard (13); unable
to cooperate to complete ultrasound evaluation; greater
than 70% ipsilateral intracranial artery stenosis confirmed
by cerebrovascular imaging; non-atherosclerotic carotid
artery stenosis; and poor-quality of ultrasound image.
All participants underwent a detailed demographic
characteristics assessment by a well-trained study
physician. All patients underwent multimode ultrasound
evaluation, including B-mode ultrasound, color Doppler
ultrasound, spectral Doppler ultrasound, and SWE, on
the bilateral carotid arteries before study inclusion. The
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study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). Institutional Review Board
approval was obtained to perform this study (IRB No.
KY2019-113-01). Informed consent was obtained from all
patients.

Clinical outcome

Symptomatic group was defined as patients who had
already experienced ipsilateral non-cardioembolic ischemic
cerebrovascular events including acute stroke, transient
ischemic attack (TTA), and amaurosis fugax within the past
30 days before study inclusion. Asymptomatic group was
defined as patients who had showed no symptoms and signs
of ischemic events within the past 6 months. All clinical
events were collected and confirmed by a well-trained
neurologist who was blinded to the ultrasound results.

Routine ultrasound protocol

Routine ultrasound was evaluated using a Canon Aplio
900 (Canon Medical Systems, Japan) ultrasound system,
equipped with a 7.5-MHz linear probe. All patients
underwent multimode ultrasound examination (including
B-mode ultrasound, color Doppler ultrasound, and spectral
Doppler ultrasound) on bilateral carotid arteries (including
common carotid artery, carotid artery bifurcation, and
internal carotid artery). Bilateral carotid arteries were
scanned in the longitudinal (anterior, lateral, and posterior
views) and transverse planes, with the patient in the supine
position. All ultrasound images were collected and analyzed
independently by two vascular sonographers who had at
least ten years of experience. The vascular sonographers
were blinded to the neurologist’s findings.

Based on the peak-systolic and end-diastolic velocities,
internal carotid artery stenosis severity was graded as
<50%, 50-69% and 70-99% (14). The definition of carotid
atherosclerosis plaque was a focal structure thickness greater
than 1.5 mm or a distinct area of carotid intima-media
thickness (CIMT) >50% greater than the surrounding vessel
wall. Plaque size (area), echogenicity, surface morphology
(smooth, irregular and ulceration), and carotid stenosis
severity were collected, respectively. Plaque risk biomarkers
were evaluated in longitudinal planes according to clinical
consensus (15,16). When the ultrasound image showed the
thickest plaque, the CIMT (including the plaque) was taken
as the maximal internal carotid plaque thickness (17). And
then, a plaque was manually depicted and measured as the
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plaque size. Plaque echogenicity characteristics were defined
according to greyscale ultrasound as follows: uniformly
hypoechoic, predominantly hypoechoic, predominantly
hyperechoic, and uniformly hyperechoic (18). Plaque
ulceration was measured as a defect, at least 2 mm x 2 mm
in depth and width, in the plaque with the basal margin
echo weaker than the surrounding plaque surface, and on
color Doppler ultrasound, the defect was filled with blood
flow signals (19).

Plaque elasticity protocol

Plaque elasticity assessment was performed immediately
after routine ultrasound evaluation by using the identical
ultrasound system to gain a double-view display of the
interest plaque in the elastographic diagram and quality
control diagram. The probe was placed on the plaque
without pressure to keep the image stable to allow
measurements of plaque elasticity. Plaques elastography
measurements were performed in the maximum
longitudinal section for 3 times, and the mean of three
independent measurements was used for further analyses.
Plaque elasticity was reflected in real-time by means of a
chromaticity diagram within the elastographic rectangular
sampling frame. The speed of propagation of the shear
waves is dependent on the local elastic modulus of the
tissue. The shear wave range was set from 0 to 10 m/s. The
elastographic-specific region of interest (ROI) frame was
modified to contain the whole plaque. Plaque elasticity
measurement was depicted around the entire plaque, and
the quantitative elasticity of the whole plaque was recorded
in m/s. Young’s modulus (YM, kPa) is typically estimated
using the equation YM = 3pc’, where p is the density of
specific organizations, and c is the shear wave velocity. The
quality control diagram displays the propagation of the
shear wave as wave-forward lines. When the propagation
lines are parallel to each other, the measurement may
be more reliable; if the lines are distorted or lacking, the
measurement needs to be repeated. A sample (10%) of
the SWE findings was selected to assess the interobserver
agreement of the two sonographers using the intraclass
correlation coefficient ICC). For this analysis, the elasticity
of the selected plaques for each image was measured by the
two observers.

Baseline characteristics

A well-trained research neurologist who was blinded to the
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imaging results collected the demographic characteristic
information that may be associated with ischemic
cerebrovascular events from all patients. A standard case
report form was used to record information, including age,
sex, status of smoking and drinking, history of diseases, and
medication use.

Statistical analysis

Differences in baseline clinical variables between the
symptomatic group and asymptomatic group were compared
using nonparametric tests for continuous variables and i’
tests for categorical variables. Carotid plaque stiffness was
divided into four groups according to the elasticity quartiles.
To facilitate operation, the stiffness (YM) was rounded to
the closest integer to generate the score. Binary logistic
regression was employed to evaluate the contribution of
the parameters to the ischemic events. We performed
the univariable logistic regression analysis and included
variables with univariable P<0.05 in the multivariable
logistic regression analysis. Based on the corresponding f3
coefficient on multivariable logistic regression, we derived
the USR score. The sum of the risk parameter scores was
added as the overall score. The discrimination ability of
the models to identify symptomatic plaque was assessed
using the C statistic. For internal validation, we used 5-fold
cross-validation with 20 iterations in the model derivation
datasets.

Statistical analysis and model construction were
performed with SPSS 22.0 (SPSS Inc., Chicago, IL, USA)
software and R 3.6.3 (https://cran.r-project.org/) (SPSS
Inc., Chicago, IL, USA) software. Glm, rms, caret, pROC,
and PredictABEL packages were used for R analysis. Values
of P<0.05 were considered to be statistically significant.

Results
Demographic characteristics

Of 131 patients recruited, 33 patients were excluded
according to exclusion criteria, 98 patients were available
for the final analysis: 50 patients were divided into the
symptomatic group, and the remaining 48 patients were
divided into the asymptomatic group (Figure I).

The demographic characteristics of the available patients
in the two groups (symptomatic and asymptomatic groups)
are shown in Tible 1. Briefly, the mean age of the included
patients was 65.6 years, and 76.5% were men. The two
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A total of 131 patients with
>50% proximal ICA stenosis
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Exclusion patients(n=33):

1. Patients with severe stroke (n=8);

2. Patients without MRA or CTA above the
aortic arch (n=11);

3. Patients with poor ultrasound image quality
(n=4);

4. Patients diagnosed with carotid artery
dissection (n=3);

5. Patients diagnosed with Takayasu’s arteritis
(n=4);

6. Patients with serious systematic diseases
(n=3).

Y

A total of 98 patients were
included in the study

¢—k—¢

50 symptomatic 48 asymptomatic
patients patients

Figure 1 Flow chart of the study.

groups did not differ in age, sex, smoking and drinking
history, diabetes mellitus, and hypertension. Usage of
medications also did not show significant differences
between the two groups.

Plaque characteristics

Overall, 54.1% had severe stenosis (70-99%), and 45.9%
had moderate stenosis (50-69%) on carotid ultrasound.
The smooth plaque surface was in 43 of the 98 (43.9%)
plaques, irregular in 45 (45.9%) plaques, and ulcerated
in 10 (10.2%) plaques. The plaque elasticity ranged from
23.2 to 147.8 kPa, and the symptomatic group (53.58+
22.44 kPa) were softer than the asymptomatic group
(79.00£26.20 kPa) (P<0.001) (Figure 2). Interobserver
agreement for the assessment of plaque elasticity using
SWE was favorable, with an ICC of 0.897 (95% CI, 0.815-
0.944) between the two vascular sonographers.

Variables associated with ischemic events

Among the factors with univariable P<0.05, plaque area,
plaque surface, plaque stiffness and carotid stenosis degree
were included in the multivariable analysis after excluding
factors showing significant multicollinearity. Multivariable
logistic regression analysis revealed that plaque surface (OR
3.39, 95% CI, 1.43-8.02, P=0.006), plaque stiffness (OR
0.96, 95% CI, 0.94-0.98, P=0.001) and carotid stenosis
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degree (OR 3.70, 95% CI, 1.37-10.01, P=0.01) were
independent risk parameters of ischemic events. Plaque area
was not associated with ischemic events in the multivariable
analysis. After adjusting for age and sex, the ORs for plaque
surface, plaque stiffness and carotid stenosis degree were
3.21 (95% ClI, 1.35-7.67, P=0.009), 0.96 (95% CI, 0.93—
0.98, P<0.001), and 3.46 (95% CI, 1.25-9.60, P=0.017)

respectively.

USR score scale

USR scores were assigned based on the observed B
coefficient, and a USR scoring system was constructed
(1able 2). The USR score scale (range, 0-7) incorporated
three items: plaque surface (smooth, 0 points; irregular, 1
point; ulcer, 2 points), plaque stiffness (=80 kPa, 0 points;
60-79 kPa, 1 point; 40-59 kPa, 2 points; <40 kPa, 3 points)
and carotid stenosis (<50%, 0 points; 50-69%, 1 point;
>70%, 2 points). Fifty-three (54.1%) patients had a score
of 4 or more, and 3 patients (3%) had a score of 7. The risk
of ischemic events increased with increasing USR score
(P<0.001 for trend; Table 3 and Figure 34). None of the
patients with a score of 0 or 1 had ischemic events, whereas
all 3 patients with a score of 7 had ischemic events. When
the USR score was classified as low [0, 1], medium [2, 3],
high [4, 5] and very high [6, 7] categories, a linear increase
in ischemic event risk was observed (P<0.001 for trend;
Table 4; Figure 3B). The ischemic event risk was 0% (0/9
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Table 1 Demographic information of the included patients (n=98)
Variables Asymptomatic group (n=48) Symptomatic group (n=50) P value
Man sex, % [n] 68.8 [33/48] 84.0 [42/50] 0.075
Age (mean + SD), year 65+8 66+9 0.770
Previous and current smoker, % [n] 70.8 [34/48] 74.0 [37/50] 0.726
Previous and current drinker, % [n] 68.8 [33/48] 72.0 [36/50] 0.725
Hypertension, % [n] 77.1 [37/48) 70.0 [35/50] 0.427
Diabetes mellitus, % [n] 29.2 [14/48] 24.0 [12/50] 0.563
Antiplatelet, % [n] 62.5 [30/48] 80.0 [40/50] 0.055
Antihypertension, % [n] 75.0 [36/48] 62.0 [31/50] 0.167
Statins, % [n] 72.9 [35/48] 84.0 [42/50] 0.181
Plaque area, cm?® 0.56+0.23 0.65+0.19 0.026
Plague echogenicity, % [n] 0.346

Uniformly hypoechoic 8.3 [4/48] 10.0 [5/50]

Predominantly hypoechoic 33.3[16/48] 50.0 [25/50]

Predominantly hyperechoic 37.5[18/48] 26.0 [13/50]

Uniformly hyperechoic 20.8 [10/48] 14.0 [7/50]
Plaque surface, % [n] 0.001

Smooth 62.5 [30/48] 26.0 [13/50]

Irregular 33.3[16/48] 58.0 [29/50]

Ulcerated 4.2 [2/48] 16.0 [8/50]
Carotid stenosis degree, % [n] <0.001

50-69% 64.6 [31/48] 28.0 [14/50]

70-99% 35.4 [17/48] 72.0 [36/50]
Plague stiffness (mean + SD), kPa 79.00+£26.20 53.58+22.44 <0.001

Part of the table is repeated with reference (12) (table 1 and table 2). SD, standard deviation.

patients) in the low category, 25.0% (9/36 patients) in
the medium category, 75.0% (33/44 patients) in the high
category, and 88.9% (8/9 patients) in the very high USR

category.

Diagnostic performance of the USR score

In the threshold analysis, a score of more than 3 had 48%
specificity but 96% sensitivity for discrimination of ischemic
events. A score of more than 4 had 75% specificity and 82%
sensitivity for ischemic events. On multivariable logistic
regression analysis, after adjusting for age and sex, a 1-point
increase in USR score was associated with ischemic event
risk (adjusted OR 3.3, 95% CI, 2.03-5.26, P<0.001).

© Annals of Translational Medicine. All rights reserved.

In the ROC analysis, the C statistic (0.84, 95% CI, 0.76—
0.92) of the USR score for discriminating ischemic events
was improved compared to plaque surface morphology (C
statistic 0.70, 95% CI, 0.59-0.80), carotid stenosis degree
(C statistic 0.68, 95% CI, 0.58-0.79), and plaque stiffness
(C statistic 0.80, 95% CI, 0.71-0.89) (Figure 4). The 5-fold
cross-validation yielded a C statistic of 0.82 (95% CI, 0.80-
0.84).

USR score in moderate carotid stenosis

To investigate the association between the USR score and
ischemic events in patients where additional information
on lumen narrowing might be most helpful for clinical

Ann Transl Med 2021;9(10):863 | http://dx.doi.org/10.21037/atm-20-8205
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Figure 2 Example of a multiparameter ultrasound study. A 68-year-old man with >70% asymptomatic internal carotid stenosis. (A) A
predominantly hypoechoic plaque located at the posterior wall of the right proximal internal carotid artery. (B) Shear wave elastography
(SWE) examination of the plaque. SWE showed that the Young’s modulus value of the plaque was 46.3 kPa, and the quality control map

showed that the sampling was performed correctly.

Table 2 B coefficient of the parameters derived from the multivariable logistic regression and the assigned USR score

Risk factors Categories Refer value (W;) B B (W; — Wiref) Point = B * (W;; — Wiref)/B P value
PSM 1.16 0.009
Smooth 0 = Wiref 0 0
Irregular 1 1.16 1
Ulcer 2 2.32 2
CSD 1.24 0.017
<50% 0 = Wiref 0 0
50-69% 1 1.24 1
70-99% 2 2.48 2
SWE -0.05 <0.001
<40 30 2.7 3
40-59 50 1.8 2
60-79 70 0.9 1
>80 90 = W2ref 0 0
Total - - - - 0-7 -

B = x (steps) * B. PSM, plaque surface morphology; CSD, carotid stenosis degree; SWE, shear wave elastography; USR, ultrasound-
derived stroke risk.

management relating to carotid revascularization, we were 45 patients with moderate carotid stenosis, with 14
further analyzed the data after excluding participants with ischemic events. In the logistic regression analysis, the
severe lumen narrowing. Carotid stenosis was scored as crude OR of ischemic events in patients with moderate
zero or one, and the USR score ranged from 0-5. There stenosis per 1-point increase in USR score was 8.41 (95%
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Table 3 Probabilities of the ischemic events stratified by the USR score (P<0.001 for trend, n=98)
Risk score No. of Symptomatic patients No. of all patients Risk, % 95% Cl P for trend
0 0 0 0 - <0.001
1 0 9 0 0-33.6
2 2 16 12.5 1.6-38.4
3 7 20 35 15.4-59.2
4 15 22 68.2 15.1-86.1
5 18 22 81.8 59.7-94.7
6 5 6 83.3 35.9-99.6
7 3 3 100 29.2-100
Total 50 98 - - -
USR, ultrasound-derived stroke risk.
A 100- Discussion
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Figure 3 The relationship between the USR score (A), USR level

(B) and ischemic event risk. USR, ultrasound-derived stroke risk.

CI, 2.29-30.90, P=0.001). The C statistic of plaque surface
morphology and plaque stiffness and USR score for
discriminating ischemic events in patients with moderate
stenosis were 0.67 (95% CI, 0.50-0.84), 0.81 (95% CI,
0.66-0.97), and 0.88 (95% CI, 0.78-0.98), respectively.

© Annals of Translational Medicine. All rights reserved.

We constructed a simple noninvasive risk score scale
comprised of plaque surface morphology, plaque elasticity
and carotid lumen narrowing to assess the risk of ischemic
events in patients with proximal carotid stenosis. Our
research provides several highlights. First, we reveal for
the first time that the incorporation of plaque surface
morphology, plaque elasticity and carotid stenosis in a
single assessment can be used to identify patients at high
risk of ischemic events. The probability of ischemic events
increased gradually with increasing USR scores. No patients
in the low USR categories had ischemic events, whereas all
patients with a USR score of 7 had ischemic events.

Second, the relationship of the USR score with ischemic
events was confirmed in the internal validation sample. In
the derivation data, each 1-point increase in the USR score
was associated with a 3-fold increase in the risk of ischemic
events after adjusting for age and sex. A USR score of
more than 3 had 96% sensitivity and 79% accuracy for the
identification of ischemic events. In contrast, the C statistic
for the discrimination of ischemic events was increased to
0.84 compared with plaque surface morphology (C statistic
0.70), carotid stenosis degree (C statistic 0.68) and plaque
stiffness alone (C statistic 0.80), suggesting that the USR
score had better discrimination ability for ischemic events,
while SWE might be useful to guide clinical decisions.

Finally, the USR score has a desirable performance
in analyses restricted to patients with moderate carotid
stenosis, and the identification of patients at the highest risk
of ischemic events is most likely to be clinically beneficial
when considering selection for carotid revascularization.

Ann Transl Med 2021;9(10):863 | http://dx.doi.org/10.21037/atm-20-8205
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Table 4 Probabilities of the ischemic events stratified by the USR level (P for trend <0.001, n=98)

Risk level No. of symptomatic patients No. of all patients Risk, % 95% Cl P for trend
Low [0, 1] 0 9 0 0-33.6 <0.001
Medium [2, 3] 9 36 25 12.1-42.2

High [4, 5] 33 44 75 59.7-86.8

Very high [6, 7] 8 9 88.9 51.8-99.7

Total 50 98 - - -

USR, ultrasound-derived stroke risk; Cl, confidence interval.

100 |

80 [

60 |-

40

Sensitivity (%)

= AUC 0.68, 95% Cl: 0.576-0.790
= AUC 0.84, 95% ClI: 0.764-0.921
=—— AUC 0.80, 95% ClI: 0.706-0.888
= AUC 0.70, 95% ClI: 0.592-0.802

20

0 20 40 60 80 100
100-Specificity (%)

Figure 4 Receiver operating characteristic curves for ischemic
events. Carotid stenosis (red line), plaque surface morphology
(green line), and plaque stiffness (grey line) are compared with the
USR score (blue line). USR, ultrasound-derived stroke risk.

Intraplaque hemorrhage, thin fibrous cap, large lipid
core, neovascularization, and inflammation are all risk
biomarkers of vulnerable plaque (20). Multiparameter
ultrasound could help stroke risk stratification and identify
patients who might require carotid intervention and who
might not.

Irregular plaque surface, especially the presence of
ulceration, indicates unstable plaques. Plaque ulceration was
associated with intraplaque hemorrhage, a large lipid core,
and decreased stability (21). Homburg er a/. (22) showed
that plaque ulceration is associated with non-lacunar
ischemic stroke, independent of the severity of lumen
stenosis (adjusted OR, 2.70; 95% CI, 1.43-5.09).

SWE is a novel noninvasive technique developed
to quantify tissue elasticity and to differentiate lesion
nature (23). Ramnarine er a/. (24) reported that there were
significant differences in plaque YM between symptomatic

© Annals of Translational Medicine. All rights reserved.

patients and asymptomatic patients (62 vs. 88 kPa; P=0.01).
In our study, symptomatic plaques had a significantly lower
mean YM than the asymptomatic plaques (53.6 vs. 79 kPa;
P<0.001). The presence of intraplaque hemorrhage and
lipid core at histology was associated with a significantly
lower YM (25). A recent study showed a high concordance
of 81.4% between SWE and computed tomography
angiography (CTA) in evaluating the correlation between
“soft plaques” and the presence of a lipid core (26).
However, CTA is a complex and minimally invasive imaging
modality that cannot be used as a tool to screen plaque
vulnerability in asymptomatic patients.

In clinical practice, there is an overlap in YM values
between stable and unstable plaques; therefore, it is
insufficient to identify plaque characteristics that only
depend on SWE. To our knowledge, no studies have
systematically investigated the clinical utility of plaque
surface morphology and plaque elasticity combined with
carotid stenosis to identify patients at high risk of stroke.

Some limitations of the study should be acknowledged.
First, there was no ultrasound imaging of patients with
carotid lesions prior to ischemic event occurrence. Second,
in some subgroup analyses, as relatively few patients had
scores of 1 or 7, the confidence interval is wide. Larger
sample studies are needed to improve the performance of
risk estimation of the score. Third, SWE assessment is
affected by the pulse motion of the carotid arteries, and the
measurement of plaque YM may lead to errors. Fourth,
all included patients had more than 50% proximal carotid
stenosis; thus, the possible culprit plaques that caused stroke
independent of lumen stenosis may have been missed in
these patients. Fifth, the exclusion of plaques with poor
image quality may lead to a selection bias. In addition,
unmeasured confounding factors by variables not available
in our study may inevitable. Finally, we validated the USR
score scale only by internal samples, and a large-scale study

Ann Transl Med 2021;9(10):863 | http://dx.doi.org/10.21037/atm-20-8205
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of external validation is also needed in the future.

Conclusions

The USR score is a grading scale that assesses the risk of
ischemic cerebrovascular events in patients with proximal
carotid stenosis with preferable discrimination performance.
A selection algorithm that combines information about
plaque surface morphology, plaque elasticity and carotid
stenosis might be more useful for patients who had less
benefit from revascularization when clinical decisions only
depend on lumen narrowing. Large-scale external validation
with long-term follow-up in other studies will be needed to
prove the predictive value.
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