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Carotid artery stenosis is one of the major causes 
of stroke. Carotid endarterectomy (CEA) has been 
widely accepted as the gold standard operation for 

carotid artery stenosis since the 1990s.1 However, resteno-
sis is one of the long-term complications after CEA and is 
correlated with stroke recurrence. The rate of restenosis 
differs among various randomized controlled trials, rang-
ing from 3% to 10%2–6 based on distinct diagnostic stan-
dards and follow-up periods.

Some researchers have reported that female sex, dia-
betes mellitus, and dyslipidemia may be risk factors for 
restenosis,7 whereas others have indicated that age was the 
only risk factor.2 Pathologists have elucidated a possible 
relationship of carotid plaque, which is filled with smooth 
muscle cells, and CEA restenosis.8 As mentioned in a 

previous literature review, clinical risk factors and patho-
logical components of plaque may be causes of restenosis 
after CEA, though the final conclusions and mechanisms 
remain controversial. Additionally, pathological compo-
nent analysis of the plaque must be conducted on affected 
individuals. It would be beneficial to distinguish a specific 
in vivo indication that can predict restenosis after CEA. 
Carotid atherosclerosis can manifest as intraplaque hem-
orrhage and calcification. Katano and Yamada9 quantified 
carotid plaque calcification to analyze the relationship be-
tween the calcium score and restenosis 1 year after CEA 
surgery.10 Their study reminds us that other methods can 
be used to quantify carotid plaque to investigate its cor-
relation with restenosis.

Vascular ultrasound, a noninvasive and convenient de-

ABBREVIATIONS AUC = area under the curve; CEA = carotid endarterectomy; DSA = digital subtraction angiography; GSM = grayscale median; ICA = internal carotid 
artery; nIMT = neointima-media thickness; PSV = peak systolic velocity; ROC = receiver operating characteristic.
SUBMITTED December 17, 2019. ACCEPTED February 4, 2020.
INCLUDE WHEN CITING Published online April 17, 2020; DOI: 10.3171/2020.2.JNS193397.
* Q.L. and B.L. contributed equally to this work.

Echolucent carotid plaque is associated with restenosis 
after carotid endarterectomy
*Qing Li, MD,1 Beibei Liu, MD,1 Yue Zhao, MD,1 Yumei Liu, MD, PhD,1 Mingjie Gao, MD, PhD,1 
Lingyun Jia, MD, PhD,1 Liqun Jiao, MD, PhD,2 and Yang Hua, MD1,3

Departments of 1Vascular Ultrasound and 2Neurosurgery, Xuanwu Hospital, Capital Medical University, Beijing, China; and 
3Center of Vascular Ultrasonography, Beijing Institute of Brain Disorders, Beijing, China

OBJECTIVE The mechanism of carotid endarterectomy (CEA) restenosis remains unclear. Our research aimed to in-
vestigate the relationship between the carotid plaque grayscale median (GSM) value and restenosis after CEA.
METHODS Between January 2010 and January 2018, 1280 consecutive patients underwent CEA at our institution; 
32 patients were diagnosed with restenosis by ultrasound at 1 year after CEA. The correlations between plaque GSM, 
plaque echogenicity, clinical manifestations, shunting, and restenosis were analyzed.
RESULTS In total, 829 patients were ultimately enrolled; 32 (4%) presented diagnoses of restenosis (mean age 67.3 
± 8.0 years, 81.2% men). The GSM value was lower in the restenosis group (68.1 ± 19.9 vs 59.9 ± 14.7, p = 0.02). Af-
ter multiple logistic regression analysis, the GSM value was found to be an independent risk factor for restenosis (OR 
0.976, 95% CI 0.957–0.995). Shunting was another significant independent risk factor for restenosis (OR 2.39, 95% 
CI 1.07–5.34). The GSM cutoff value for predicting restenosis was 75 (sensitivity 0.38, specificity 0.84, area under the 
curve 0.62). We separated the patients into 2 groups by GSM (GSM ≤ 75 and GSM > 75 subgroups). Comparison of the 
2 groups indicated that symptomatic manifestation was related to restenosis in the subgroup with GSM ≤ 75, indicating 
predominantly echolucent plaques, but not in the subgroup with GSM > 75, indicating predominantly echogenic plaques.
CONCLUSIONS Predominantly echolucent carotid plaques, as measured by GSM, had a higher restenosis risk at 1 
year than echogenic plaques.
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vice, plays an irreplaceable role in carotid screening and 
follow-up studies. The present study was designed to in-
vestigate the relationship of ultrasound carotid plaque 
grayscale median (GSM) quantification with CEA reste-
nosis after a 1-year follow-up.

Methods
Patients

This retrospective cohort study was approved by the 
ethics committee of our hospital. The study began in Janu-
ary 2010 and ended in January 2018, and during this peri-
od 1280 consecutive patients underwent CEA at Xuanwu 
Hospital. Neurosurgeons performed the standard CEA 
surgery on patients who had carotid stenosis of ≥ 70% and 
patients who were symptomatic (< 6 months) with 50%–
69% stenosis that had been confirmed by CTA or digital 
subtraction angiography (DSA). The vascular ultrasound 
team performed the preoperative routine GSM estimation 
on all participants. Assessments were conducted immedi-
ately (assessment within 1 week after CEA surgery); at 3, 
6, and 12 months; and annually after 1 year. Monitoring 
was also performed as part of the routine examinations by 
the vascular ultrasound team.

Inclusion Criteria
The inclusion and exclusion criteria were as follows. In-

cluded patients where those with 1) severe stenosis (≥ 70%) 
or who were symptomatic (< 6 months) with 50%–69% ste-
nosis verified by CTA or DSA before surgery; 2) comple-
tion of preprocedural color Doppler flow imaging estima-
tion; and 3) completion of immediate assessment and fol-
low-up examinations at 3, 6, and 12 months. Excluded pa-
tients had 1) absence of baseline information or ultrasound 
estimation; 2) unsuccessful endarterectomy recanalization 
due to acute thrombosis; 3) ≥ 50% residual stenosis; 4) loss 
to follow-up; or 5) heavy calcification and acoustic shadow 
plaque for which the GSM could not be measured.

Ultrasound Machine and Sonographer
Ultrasound systems with 4.0–8.0 MHz linear trans-

ducers and 2.0–5.0 MHz convex array probes were used 
(Philips IU22, Koninklijke Philips NV, and Hitachi As-
cendus). All of the examinations were performed by ex-
perienced sonographers (with > 5 years of experience). 
Training courses on how to collect the standard images 
and save them to the picture archiving and communica-
tion system (PACS) were organized for the sonographers.

Ultrasound Criteria of Stenosis and Restenosis
All of the participants were assessed by use of the ste-

nosis criteria of the North American Symptomatic Ca-
rotid Endarterectomy Test (NASCET) method.1 Stenosis 
(70%–99%) was defined as a stenosis site peak systolic 
velocity (PSV) of > 230 cm/sec.11 Since there is no consen-
sus on the definition of restenosis, our institution adopted 
the primal stenosis criterion as the restenosis diagnosis 
criterion according to the NASCET method. Restenosis 
(50%–69%) was defined as a stenosis site PSV of 125–230 
cm/sec. An additional essential criterion was that the ratio 

of the PSV at the stenosis site (PSVstenosis site) to the PSV 
4–6 cm beyond the bifurcation level of the carotid artery 
(PSVdistal) was 2.0–4.0.

Restenosis (70%–99%) was defined as a PSVstenosis site of 
> 230 cm/sec.11 An additional essential criterion was that 
the ratio of the PSVstenosis site to the PSVdistal was > 4.0.

Carotid Plaque Imaging
The narrowest section of the carotid artery caused by 

carotid plaque in the longitudinal and transverse sections 
was imaged. The echo characteristics detected by 2D ul-
trasound were classified into the following 5 groups based 
mainly on the percentage of echogenic carotid plaque12,13 
occupying the carotid artery: type I: uniformly echolu-
cent, < 15% echogenic; type II, predominantly echolucent, 
15%–50% echogenic; type III: predominantly echogenic, 
50%–85%; type IV: uniformly echogenic, > 85%; and 
type V: plaques that could not be classified into the other 4 
groups because of heavy calcification and acoustic shadow.

We categorized type I and II plaques into the predomi-
nantly echolucent group and type III and IV plaques into 
the predominantly echogenic group. We excluded patients 
with type V plaques. We recorded the stenosis sites caused 
by the carotid plaque, which included the common carotid 
artery, carotid bulb, and internal carotid artery (ICA).

GSM Measurement
ImageJ (Java-based image processing software devel-

oped at the National Institutes of Health) was used to ad-
just the narrowest longitudinal section to the standardized 
image. The areas of the standardized image that referred 
to the area representing blood had a gray value of zero, 
while the brightest area of the adventitia had a gray value 
of 190. We created an algebraic linear curve that adjusted 
the primal GSM variable for each plaque to a standard-
ized GSM value that is the true value of each plaque. We 
circled the plaque outline, recorded the GSM value, and 
calculated the standardized GSM value of each plaque by 
using the algebraic linear curve.13,14 The 2 technicians who 
had received the standard training on GSM measurement 
were blinded to the trial and results. They sketched the 
plaque outline and calculated the GSM values separately, 
back to back. The final GSM was the average of the values 
determined by the 2 technicians (Fig. 1).

Endarterectomy Procedure
Every patient first signed a consent form. Preoperative 

aspirin (100 mg/day) was routinely administered to every 
participant at least 5 days before the operation; for the pa-
tients who had aspirin intolerance, the aspirin was substi-
tuted with clopidogrel (75 mg/day). CEA was performed 
by experienced neurosurgeons who had sufficient vascular 
surgery training. All patients received general anesthesia, 
and the CEA procedure was adopted in a standard fash-
ion according to the published literature.15 Throughout 
the operation, all patients were monitored by transcrani-
al Doppler monitoring (TCD) and routine electrocardio-
graph monitoring. Shunting was determined to be neces-
sary if TCD monitoring indicated that the velocity of the 
middle cerebral artery decreased > 50% after clamping 
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of the ICA. The need for patch and tacking sutures was 
determined at the neurosurgeons’ discretion. Antiplatelet 
medications and statins were administered for long-term 
maintenance after CEA surgery.

Statistical Analysis
Normally distributed continuous variables are ex-

pressed as means ± standard deviations. Skewed distribu-
tions of continuous variables are expressed as medians 
(interquartile ranges), and categorical variables are ex-
pressed as numbers (percentages). For equivalent vari-
ables with a normal distribution, the independent Student 
t-test was utilized to compare the 2 patient groups. The 
Mann-Whitney U-test was used to compare categorical 
variables and abnormally distributed variables between 
the 2 groups. Receiver operating characteristic (ROC) 
curve analysis was performed to find the optimal cutoff 

value to predict restenosis. Areas under the curve (AUCs), 
optimal threshold values, sensitivity, and specificity were 
calculated. A logistic regression analysis was performed 
to screen the independent risk factors. A 2-sided p value 
< 0.05 was considered statistically significant; confidence 
intervals were set at 95%. Statistical analyses were per-
formed by using IBM SPSS (version 22.0) and GraphPad 
Prism (version 6.01) software.

Results
Patient Demographic Characteristics and Plaque 
Characteristics in the 2 Groups

In total, 829 patients were ultimately enrolled in the 
study; 32 cases of 1-year restenosis were estimated by ul-
trasound (Fig. 2, study flowchart), of which 20 cases had 
50%–69% restenosis and 12 cases had 70%–99% reste-
nosis. The age distribution was 65.9 ± 7.9 years. Clinical 
features and plaque characteristics, as well as detailed 
descriptions of the operations, are summarized in Table 
1. Patients with restenosis had lower GSM values (59.9 ± 
14.7 vs 68.1 ± 19.9, p = 0.02), a higher frequency of echo-
lucent plaques (93.8% vs 55.7%, p < 0.001), a higher fre-
quency of shunting (28.1% vs 13.7%, p = 0.022), a higher 
frequency of symptomatic clinical manifestations (56.2% 
vs 28.2%, p = 0.001), and a lower frequency of smoking 
history (53.1% vs 69.5%, p = 0.05).

GSM Cutoff Value for Restenosis
A comparison of the significance and risk of resteno-

sis at different GSM values using the relative risk model 
was employed to analyze the role of different GSM cutoff 
points (Fig. 3A, Supplemental Table 1). The ROC curve 
was used to determine the cutoff value of GSM to identify 
patients at higher risk of restenosis at 1 year; a GSM value 
of 75 was the threshold (sensitivity 0.38, specificity 0.84, 
AUC 0.62, Youden’s index 0.22; Fig. 3B).

Comparison of Restenosis in Different GSM Subgroups
Table 2 presents detailed descriptions of restenosis by 

subgroups defined according to the meaningful factors 
screened according to Table 1 and GSM levels. Symptom-
atic manifestations and shunting were predominantly re-
sponsible for increasing the risk of restenosis in the GSM 
≤ 75 group rather than in the GSM > 75 group.

Multiple Logistic Regression Analysis of GSM and 
Restenosis

As shown in Table 3, the GSM value was a meaningful 
factor for predicting restenosis in the unadjusted analysis. 
The association remained after adjusting for all confound-
ers (OR 0.976, 95% CI 0.957–0.995). After we classified 
the GSM value into 2 groups by using 75 as the threshold, 
GSM ≤ 75 was generally seen as a stronger factor related 
to restenosis compared to GSM > 75 in the unadjusted 
analysis (OR 2.86, 95% CI 1.10–7.49). The relationship still 
made a strong contribution to predicting restenosis in the 
fully adjusted model (adjusted OR 2.86, 95% CI 1.10–7.52). 
Echolucent plaque had a notable impact on the risk of reste-
nosis before and after the adjusted analysis (Table 3). The 

FIG. 1. GSM measurement procedure. A: Culprit plaque in B-ultrasound. 
B: Culprit plaque in ImageJ, standardized version. C: Selecting blood 
area for a grayscale of zero while avoiding noise. D: Selecting adventitia 
membrane for a grayscale of 190. E: Generating the algebraic linear 
curve. F: Sketch of the plaque outline, measurement of the GSM, and 
calculation of the adjusted GSM value of the plaque by using an alge-
braic linear curve. Figure is available in color online only.
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effects of symptomatic clinical manifestations and smok-
ing history disappeared after adjustment for all confound-
ers. Shunting was another significant independent risk fac-
tor for restenosis (adjusted OR 2.39, 95% CI 1.07–5.34).

Neointima-Media Thickness at 1 Year in the Different  
GSM Subgroups

We analyzed the relationship between GSM and neo-
intima-media thickness (nIMT). Figure 4 presents the lin-
ear correlation between these variables (r = −0.125, p < 
0.001).

Discussion
Our research was intended to evaluate the relationship 

between the echogenicity of carotid plaque, as measured 
by the GSM, and restenosis at 1 year after CEA. The re-
sults indicated that GSM was an independent risk factor 
for restenosis. Although the effect was relatively weak, af-
ter dividing the 2 patient groups by using the GSM thresh-
old of 75, lower GSM was found to increase restenosis 
risks, which suggests that patients with predominantly 
echolucent carotid plaques might have a higher restenosis 
risk after the CEA procedure than patients with echogenic 
plaques.

The underlying mechanism of echolucent carotid 
plaque–induced restenosis is still unknown; however, 
some reasons for this occurrence could be obtained from 
other studies. Intraplaque hemorrhage and a larger lipid 
core are known to manifest as echolucent, while calcifica-
tion manifests as echogenic in B-ultrasound imaging.16,17 
Hellings et al.18 analyzed the restenosis plaques extracted 
from patients who underwent a second CEA surgery and 
demonstrated that macrophage cell infiltration and a lipid 
core were associated with late restenosis. Katano et al.10 
measured the CT value of the carotid plaque in vivo and 
reported that calcified plaque had a lower restenosis rate 

FIG. 2. Study flowchart.

TABLE 1. Patient demographic features and risk factors

Controls  
(n = 797)

Restenosis >50%  
(n = 32) p Value

Male 686 (86.1) 26 (81.2) 0.442
Age in yrs 68.1 ± 8.0 67.3 ± 8.0 0.769
Hypertension 555 (69.6) 22 (68.8) 0.915
Diabetes mellitus 238 (29.9) 13 (40.6) 0.194
Coronary heart disease 151 (18.9) 3 (9.4) 0.172
Dyslipidemia 393 (49.3) 14 (43.8) 0.537
Smoking history 554 (69.5) 17 (53.1) 0.05
Symptomatic 225 (28.2) 18 (56.2) 0.001
Op side, right 437 (54.8) 17 (53.1) 0.849
Op type, eversion 29 (3.6) 1 (3.1) 0.879
Shunting 109 (13.7) 9 (28.1) 0.022
Patch 19 (2.4) 1 (3.1) 0.789
Echolucent plaque 444 (55.7) 30 (93.8) <0.001
GSM value 68.1 ± 19.9 59.9 ± 14.7 0.02
Plaque length (mm) 18.7 ± 7.3 22.8 ± 8.1 0.464
Plaque thickness (mm) 3.3 ± 1.3 3.9 ± 1.1 0.360
Plaque calcification 491 (61.6) 21 (65.6) 0.646
Ulceration 172 (21.6) 3 (9.4) 0.097
Stenosis site, ICA 732 (91.8) 26 (81.2) 0.075
Postop evaluation 0.573
 Normal 774 (97.1) 30 (93.8)
 <50% residue  
  stenosis

23 (2.9) 2 (6.2)

Values are presented as number (%) of patients or mean ± SD unless other-
wise indicated.
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than noncalcified plaque. These investigators considered 
that the calcified component might inhibit neointima hy-
perplasia and protect the physical barrier from surgical 
injury. In our study, we measured the nIMT at 1 year af-
ter CEA, and there was a mild negative linear correlation 
between the GSM value and nIMT, which may partially 
explain the different restenosis results in the GSM sub-
groups. Takami et al.19 focused on the relationship between 
carotid plaque components and the rate of nIMT increase 
after CEA. nIMT had an irreversible increase in patients 
with echolucent carotid plaque, whereas it had a tempo-
rary increase and slow decline in patients with echogenic 
plaque. Our result was consistent with this discovery by 
Takami et al.,19 but the nIMT rate increase during the first 
year has to be confirmed by further observation.

Bonati et al.3 reanalyzed the CAVATAS (Carotid and 
Vertebral Artery Transluminal Angioplasty Study) data 
and reported that a history of smoking and current smoking 
were predictors of restenosis after endovascular therapy or 
CEA surgery. In our research, we analyzed the relationship 
between smoking history and restenosis and concluded 
that smoking history might be correlated with restenosis 
protection. One possible explanation is that smoking his-
tory in our research included patients who had already quit 
smoking, which might have obscured the results. Arquizan 
et al.2 reported that age was the only reason for restenosis. 
Other relevant factors, such as female sex20 and dyslipid-
emia, were also considered, but in our research, no differ-
ence associated with these confounders was detected.

In our research, we also found that symptomatic mani-

FIG. 3. Analysis of different GSM cutoffs to identify patients with a higher risk of restenosis at 1 year. A: Comparison of signifi-
cance and relative risk of restenosis at 1 year using a relative risk model to analyze the role of different GSM cutoff values. B: 
ROC curve showing the optimal threshold of this method. Figure is available in color online only.

TABLE 2. Comparison of restenosis in the patient GSM subgroups
Overall GSM ≤75 GSM >75

No. (%) p Value No. (%) p Value No. (%) p Value

GSM
 ≤75 27/553 (4.9) 0.031 — — — —
 >75 5/276 (1.8) — —
Plaque character
 Echolucent 30/474 (6.3) <0.001 26/432 (6.0) 0.019 4/42 (9.5) <0.001
 Echogenic 2/355 (0.6) 1/121 (0.8) 1/234 (0.4)
Smoking history
 Yes 17/571 (3.0) 0.050 13/377 (3.4) 0.022 4/194 (2.1) 0.619
 No 15/258 (5.8) 14/176 (8.0) 1/82 (1.2)
Symptomatic
 Yes 18/243 (7.4) 0.001 15/158 (9.5) 0.001 3/85 (3.5) 0.153
 No 14/586 (2.4) 12/395 (3.0) 2/191 (1.0)
Shunting
 Yes 9/118 (7.6) 0.022 8/71 (11.3) 0.007 1/47 (1.8) 0.861
 No 23/711 (3.2) 19/482 (3.9) 4/229 (1.7)
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festation correlated with restenosis after carotid surgery in 
the lower GSM group, whereas it did not have an effect in 
the higher GSM group. The relationship between symp-
toms and restenosis might hypothetically be explained by 
the underlying plaque morphology since previous research 
demonstrated that symptomatic patients had a larger lipid 
core and greater macrophage infiltration, whereas there 
were fewer smooth muscle cells in culprit plaques.21 An 
abundant lipid core and high macrophage infiltration man-
ifested as lower GSM values and the finding of echolucent 
formations under ultrasound examination.17 Since we had 
no pathological analysis of our culprit plaques, we could 
only infer the relationship between the culprit plaque path-
ological form and symptom manifestation, which remains 
to be verified by further research.

Previous researchers have presented the opinion that 
the use of shunting during surgery might induce damage 
to the intima-media barrier and stimulate neointima hy-
perplasia.22 In our research, we discovered that shunting 
was significantly correlated with restenosis in the fully 
adjusted model, especially in patients with echolucent 
plaque, which was consistent with the previous study.

We measured the carotid plaque in vivo by ultrasound 
to predict the restenosis risk in order to provide a method 
for physicians to identify higher-risk patients who may 
need close follow-up. We were only able to elucidate the 
relationship of a GSM ≤ 75 with a higher restenosis risk 
than that for GSM > 75. However, we could not refuse to 
perform the CEA procedure in the higher-risk patients and 
instead opted for carotid artery stenting for them because 
we could not ensure that patients with a GSM ≤ 75 would 
receive more benefit from a surgery other than CEA. This 
consideration needs to be investigated further in case-con-
trol observations and clinical trials.

The clinical function of measuring GSM by ultrasound 
was to identify a large number of patients (553 of 829, 
66.7%) at high risk of restenosis after CEA, especially to 
identify the subgroups of patients with higher restenosis 
rates compared to those for the overall patient population.

Study Limitations
Several limitations of this study should be clarified. First, 

our study was a single-center retrospective study that may 
have been subject to collection bias and recall bias. A larger 
prospective study should be conducted. Second, due to the 
limitations of the GSM measurement method, plaques with 
heavy calcification and acoustic shadows were excluded in 
our research, because they may have biased the results and 
weakened the function of calcified plaque. Third, the repro-
ducibility of GSM measurement in our single center was 
high, but it was difficult to assure the absolute consistency 

TABLE 3. Multivariate regression analysis of the association between GSM and restenosis

Exposure Crude OR (95% CI) OR (95% CI) Model 1* OR (95% CI) Model 2† OR (95% CI) Model 3‡

GSM 0.976 (0.958–0.995) 0.976 (0.957–0.995) 0.975 (0.956–0.995) 0.976 (0.957–0.995)
GSM category
 ≤75 2.86 (1.10–7.49) 2.89 (1.11–7.55) 2.87 (1.10–7.51) 2.86 (1.10–7.52)
 >75 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Plaque character
 Echolucent plaque 11.82 (2.82–49.53) 12.23 (2.91–51.39) 12.30 (2.92–51.84) 13.21 (3.11–56.11)
 Echogenic plaque 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Clinical manifestations
 Asymptomatic 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
 Symptomatic 3.14 (1.56–6.32) 0.98 (0.95–1.03) 0.42 (0.19–0.94) 1.06 (0.14–7.95)
Shunting 2.45 (1.13–5.29) 2.51 (1.15–5.51) 2.38 (1.07–5.26) 2.39 (1.07–5.34)
Smoking history 0.50 (0.25–1.01) 0.98 (0.94–1.02) 0.97 (0.95–0.99) 0.88 (0.11–6.74)

* Adjusted for age and sex.
† Adjusted for age, sex, hypertension, diabetes mellitus, coronary heart disease, dyslipidemia, smoking, symptomatic manifestation, GSM 
value, and plaque characteristics.
‡ Adjusted for age, sex, hypertension, diabetes mellitus, coronary heart disease, dyslipidemia, smoking, symptomatic manifestation, GSM 
value, plaque characteristics, operation type, patch, and shunting.

FIG. 4. Association between the GSM and nIMT values. Figure is avail-
able in color online only.
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of this method, especially in the context of multicenter re-
search. However, our research provided evidence that ca-
rotid plaque morphology might be considered one factor 
that influences the risk of restenosis. Finally, we did not 
apply a pathological analysis in our research, which should 
be applied to supplement future studies.

Conclusions
Our research demonstrated that predominantly echolu-

cent carotid plaques, as indicated by GSM ≤ 75, had a high-
er restenosis risk at 1 year than predominantly echogenic 
plaques, indicated by GSM > 75. Preoperational carotid 
plaque GSM measurements estimated by ultrasound could 
provide a functional predictive indicator for CEA surgery.
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