R

medicina

Article

Assessment of Plaque Characteristics by Contrast-Enhanced
Ultrasound and Stent Restenosis following Carotid Artery
Stenting: A Retrospective Study

Agné Gimzauskaité 1'*, Donatas Inéiiira !, Gintauté Diringyté 2(”, Saulius Luko$evitius 3, Rytis Kaupas 3,

Andrius Pranculis 3, Aisté Maciulaityté 1, Algidas Basevi¢ius 3, Milda Kupryté 4, Edgaras Stankevitius

and Jurgita Plisiené °

check for
updates

Citation: Gimzauskaite, A.; Intitira,
D.; Diringyté, G.; LukoSevicius, S.;
Kaupas, R.; Pranculis, A.;
Maciulaityte, A.; Basevicius, A.;
Kupryte, M.; Stankevicius, E.; et al.
Assessment of Plaque Characteristics
by Contrast-Enhanced Ultrasound
and Stent Restenosis following
Carotid Artery Stenting: A
Retrospective Study. Medicina 2024,
60, 836. https://doi.org/10.3390/
medicina60050836

Academic Editor: Luca Salvatore

De Santo

Received: 26 March 2024
Revised: 11 May 2024
Accepted: 17 May 2024
Published: 20 May 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

5

Department of Cardiac, Thoracic and Vascular Surgery, Medical Academy, Lithuanian University of Health
Sciences, LT-50161 Kaunas, Lithuania; donatas.inciura@lsmu.lt (D.1.); aiste.maciulyte@stud.Ilsmu.lt (A.M.)
Faculty of Medicine, Medical Academy, Lithuanian University of Health Sciences,

LT-44307 Kaunas, Lithuania; gintaute.diringyte@stud.lsmu.lt

Department of Radiology, Medical Academy, Lithuanian University of Health Sciences,

LT-50161 Kaunas, Lithuania; saulius.lukosevicius@lsmu.lt (S.L.); rytis.kaupas@lsmu.lt (R.K.);
andrius.pranculis@kaunoklinikos.lt (A.P.); algidas.basevicius@lsmu.lt (A.B.)

Department of Pathological Anatomy, Lithuanian University of Health Sciences, LT-50161 Kaunas, Lithuania;
milda.kupryte@lsmu.lt

Institute of Physiology and Pharmacology, Lithuanian University of Health Sciences,

LT-50161 Kaunas, Lithuania; edgaras.stankevicius@lsmu.lt

Department of Cardiology Medical Academy, Lithuanian University of Health Sciences,

LT-50161 Kaunas, Lithuania; jurgita.plisiene@lsmu.lt

*  Correspondence: agne.gimzauskaite@gmail.com or agne.gimzauskaite@stud.lsmu.lt; Tel.: +370-62501052

Abstract: Background and objective: carotid artery stenosis contributes significantly to ischemic strokes,
with management options including carotid endarterectomy (CEA) and carotid artery stenting (CAS)
ischemic stroke risk can be reduced. Controversies persist regarding their efficacy and factors influenc-
ing complications, and understanding the relationship between atherosclerotic plaque characteristics
and stent restenosis after CAS is crucial. Methods: we conducted a retrospective study involving
221 patients who underwent CAS for symptomatic or asymptomatic carotid artery stenosis. Compre-
hensive assessments of plaque morphology were performed using contrast-enhanced ultrasound
(CEUS) before CAS. Patient demographics, including smoking status and diabetes, were also recorded.
Stent restenosis was diagnosed using various imaging modalities, including ultrasound, angiography,
and digital subtraction angiography (DSA). Results: plaque analysis using CEUS revealed a significant
association between plaque grade and restenosis incidence (p < 0.001), particularly with grade 0
(11.1%) and grade 2 plaques (66.7%). Smoking was notably associated with plaque vasculariza-
tion and restenosis (p < 0.001), while diabetes did not significantly impact plaque characteristics or
restenosis risk (p > 0.05). The mean duration of restenosis was 17.67 months. Stenting was the most
frequent treatment modality for restenosis (70.6%). However, no significant relationship was found
between restenosis type and plaque morphology (p = 0.268). Furthermore, while no clear relationship
was observed between plaque morphology and the type of restenosis, our findings underscored
the importance of plaque characterization in predicting post-CAS outcomes. Conclusions: this study
highlights the utility of CEUS in predicting stent restenosis following CAS. There was a significant
association between stent restenosis within 12-24 months after the carotid stenting procedure and an
elevated grade of plaque vascularization. Moreover, one of the main factors possibly determining
the grade of plaque vascularization was smoking. Further research is warranted to elucidate the
underlying mechanisms and refine risk stratification in this patient population.
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1. Introduction

Stroke is the second most common cause of death and a leading cause of adult disability
in the European Union [1]. As life expectancy increases, stroke events and their long-term
consequences, as well as the corresponding costs, are expected to increase dramatically [2].
Carotid atherosclerotic disease is a significant health concern that contributes to about 20%
of cases of cerebral ischemia [3], caused by either reduced blood flow to the central nervous
system due to carotid stenosis or by the formation of clots on the surface of the plaque and
subsequent arterio-arterial embolization [4]. Traditionally, patient management and risk
stratification have relied on the presence of symptoms and the degree of stenosis—both
are linked to the occurrence of stroke events [5]. After evaluating the factors, physicians
choose an interventional treatment method for a patient: endarterectomy or stenting.

In contemporary times, with the advancement of scientific understanding enabling
deeper insights into various processes, it becomes imperative to acknowledge the dynamic
nature of atherosclerotic plaque as a biologically active entity. The traditional view of
atherosclerosis as a pathological lipid deposition within the artery wall has been redefined
by a more complex concept of an ongoing inflammatory process [6]. Many molecular
players have a role in the atherosclerotic process: inflammatory cytokines, markers of
oxidative stress, growth factors, apoptosis mediators, and mediators of vascular tone.
The relationship between the stent and the biologically active structure (atherosclerotic
plaque) can lead to stent restenosis. Randomized controlled trials have reported that carotid
endarterectomy (CEA) and carotid artery stenting (CAS) yield comparable long-term results
in reducing ischemic stroke risk over 10 years [7]. However, there is a long-standing debate
about which treatment is more effective and which factors must be considered to predict
potential complications. The 10-year data of the CREST trial have revealed no discernible
difference in restenosis or the requirement for revascularization between CEA and CAS [8].
CAS is linked to a higher 30-day minor stroke risk compared to CEA. Restenosis and
occlusion after CEA and CAS have been reported to have a low incidence and no difference
in two years. A restenosis rate of >70% by duplex criteria at two years was 6% in CAS
and 6.3% in CEA [9]. A recent systematic review and meta-analysis has indicated that
the incidence of restenosis exceeding 70% was 5.8% following CEA (median follow-up
of 47 months) and 10% following CAS (median follow-up of 62 months). Among CAS
patients with untreated asymptomatic restenosis exceeding 70%, the rate of ipsilateral
stroke remained extremely low, at 0.8% over 50 months. In contrast, CEA patients with
untreated asymptomatic restenosis exceeding 70% had a higher rate of ipsilateral stroke,
albeit still relatively modest at 5% within 37 months [10].

After follow-ups for six months to 2 years, the incidence of in-stent restenosis (ISR)
has been found to range from 3.3% to 21% [11-13].

Risk factors for CAS restenosis include female sex, dyslipidemia, and diabetes [14].
However, a gap exists where patients without these risk factors still experience restenosis,
suggesting a potential link to atherosclerotic plaque morphology. The atherosclerotic plaque
should be considered as a constantly changing structure [15]. Multiple studies have shown
a link between intraplaque hemorrhage and brain ischemic events [16-19]. Intraplaque
hemorrhage can result from the rupture of fragile microvessels within the atherosclerotic
plaque, which are formed due to local inflammation-induced neoangiogenesis. These
vessels are characterized by being immature and inadequately structured, with leaky
endothelial junctions that increase their susceptibility to rupture. Presence of immature
vessels—neoangiogenesis—and active inflammatory processes within the plaque might be
an important factor when considering the stent restenosis—there is an active interaction
between the plaque and the stent.

Contrast-enhanced ultrasound (CEUS) has emerged as a valuable tool in characterizing
plaques, aiding the understanding of their role in stent restenosis mechanisms. Among
the array of available imaging modalities, CEUS is emerging as a readily accessible option,
providing valuable insights into plaque morphology and neovascularization patterns.
Previously, this technique was used to assess plaque vulnerability and predict recurrent
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strokes. Therefore, the idea that atherosclerotic lesion neovascularization is a risk factor
for restenosis after CAS could lead to acquiring new scientific facts. In our study, contrast-
enhanced ultrasound scans were conducted on patients before CAS. Carotid atherosclerotic
lesions were characterized using the classification by Nakamura et al. which includes
categories G0, G1, and G2 [20]. The primary objective was to ascertain whether the nature
of the atherosclerotic lesion and the degree of its neovascularization, as detected on CEUS,
were associated with stent restenosis.

2. Materials and Methods
2.1. Patients
A total of 221 patients were selected and analyzed in this study. A total of 68.8%
(n = 152) were men and 31.2% (n = 69) were women.
Inclusion criteria:
Transient ischemic attacks and ACI stenosis of >50%
Stroke and carotid stenosis > 50%
Signed informed consent

Exclusion criteria:

Any known allergy to ultrasound contrast agent (SonoVue)

Right-to-left shunts

Severe pulmonary hypertension (pulmonary artery pressure > 90 mmHg)
Uncontrolled systemic hypertension

Adult respiratory distress syndrome

Severe calcification of atherosclerotic lesion (based on CT)

Tortuosity of carotid vessel

Near occlusion cases (with 99% stenosis)

Very calcified carotid lesions

Dyslipidemia was defined as an increase in laboratory markers reaching total choles-
terol > 5.2 mmol/L (200 mg/dL), LDL > 3.4 mmol/L (130 mg/dL), HDL < 0.9 mmol/L
(35 mg/dL), or triglycerides > 1.7 mmol/L (150 mg/dL). All patients who had a diabetes
diagnosis had already been prescribed sugar-lowering drugs and that was considered
(based on medical history) as diabetes, additional tests during the study were not per-
formed. Patients who were diagnosed with diabetes during the follow-up period were also
considered to be diabetic. Smoking status was defined as being a current or former smoker.

2.2. Ultrasound Characteristics

For all patients, CEUS was performed using a Philips Epiq 7 G ultrasound machine
with a pulse inversion mode, software version 6.0.0., and a linear transducer with a fre-
quency range of 3-11 MHz, MI < 0.2.

2.3. Ultrasound Contrast Agent

The contrast agent comprises gas bubbles encased within a lipid or protein shell.
These microspheres are exceptionally diminutive and can traverse the entirety of the
circulatory system, mirroring the blood’s path. The dimensions of SonoVue bubbles
measure 6 um. In Lithuania, SonoVue, a product by Bracco, has received approval. It
encompasses sulfur hexafluoride (elegas, SF6-enflurane) in conjunction with phospholipid
stabilizers. SF6-enflurane boasts superior dielectric properties, lacks color, taste, and odor,
and is approximately six times denser than air. Under normal conditions, it poses no toxicity
risk. The ultrasound ruptures the microspheres within the body, allowing other gas bubbles
to course through the bloodstream, with larger quantities being exhaled. Metabolism of the
lipid shells occurs in the liver, ultimately being expelled through the bile.

The contrast agent was administered via an intravenous catheter inserted into the
cubital vein. We followed the conventional method, administering a 2.5 mL bolus of the
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contrast agent and 5 mL of saline. Notably, no patients exhibited contraindications for the
use of SonoVue.

2.4. Principles of Contrast Ultrasound Based on Contrast Agent Pharmacokinetics

Microspheres exhibit a varying behavior in response to the mechanical index of the
ultrasound beam, reflecting the cavitation effect. The mechanical index also signifies the
degree of negative acoustic pressure within the ultrasound field, denoting the highest-
pressure pulse amplitude within the tissue during ultrasound procedures. Our examination
used a linear imaging probe featuring a low mechanical index to prevent microsphere
rupture. Our focus was primarily on the arterial and venous phases when categorizing
plaques as grades G0-2 (according to the classification by Nakamura et al.) [20]. The visual
score method was employed. Intraplaque neovascularization was identified based on the
presence of microbubbles within the plaque, with grading encompassing GO (not visible),
G1 (moderate), and G2 (intensive microbubbles). Representative images of intraplaque
neovascularization of different grades are shown in Figures 1-3.

Figure 1. Representative CEUS (left) and grayscale ultrasound (right) images of a grade 2 plaque.
The red curved line shows the plaque margins.

Figure 2. Representative CEUS (left) and grayscale ultrasound (right) images of a grade 1 plaque.
The red curved line shows the plaque margins.
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Figure 3. Representative CEUS image showing neovascularization with a red arrow.

2.5. Criteria for Carotid Stenting

Before the CAS procedure, assessment of carotid atherosclerotic lesion morphology
with CEUS was conducted for all patients. CAS was performed for the patients with
transient ischemic attacks (TIAs) or for patients who had suffered a stroke within the
past six months and had a carotid stenosis > 50% [21]. For TIAs, we used a time-based
definition. All the patients from the neurological department with the indications for CAS
were transferred to interventional radiologists to perform CAS.

2.6. Carotid Artery Stenting (CAS)

Before the planned interventions, dual oral antiplatelet therapy was prescribed: clopi-
dogrel 75 mg and aspirin 75-100 mg per day. We started treatment at least 3 days before
the stenting procedure. In urgent or emergent interventions, a single oral loading dose of
300 mg clopidogrel and 300 mg aspirin was given, followed by dual antiplatelet therapy of
75 mg clopidogrel plus 75-100 mg aspirin daily. We recommended a regimen including
dual antiplatelet therapy (aspirin + clopidogrel) during the three months period after CAS
and then reverted to monotherapy (aspirin 75 mg daily). After the procedure, we contin-
ued the previous treatment of comorbidities. Additionally, we added recommendations
to correct any abnormalities in the lipid profile and encouraged smoking cessation for
better health outcomes. Usually, patients had already been prescribed statins. If not, we
prescribed statins right away.

The procedure was performed with local anesthesia.

Stenting of the carotid artery was started by injecting Heparin 80 IU/kg i/v and
0.6-1.2 mL atropine (glycopyrrolate) to prevent hypotension, bradycardia, or asystole.
Routinely, we punctured the femoral or brachial artery using Seldinger’s technique and
inserted the introducer of 6 F. The lesion was crossed with 0.014 in. wire. Predilatation was
performed with a 2-to-3 mm balloon. The stent was placed across the lesion and deployed.
A repeat arteriogram was performed. Any residual stenosis exceeding 30% was treated
with balloon angioplasty. Sheaths and wires were removed, and an access site closure
device was deployed. We did not use any distal embolization protective devices. After
stenting, active patient monitoring for at least 6 h and monitoring of BP and HR as needed
should be ensured in order to avoid hemodynamic instability. In our center, we use a few
types of stents.

This study analyzed cases where the same stents were used for primary stenting. The
patients who had very calcified carotid lesions were excluded from this sample because
of the restenosis risk. There were seven patients who were excluded: two patients had
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tortuosity of the artery, three had near occlusion (stenosis of 99%), and two patients had
very calcified lesions.

2.7. Stent Restenosis
There are several types of restenosis classified (Figure 4):

e Type I (focal end-stent group): lesions are 10 mm long and are positioned at the
proximal or distal margin (but not both) of the stent. Lesions 10 mm long at both ends
of the stent are defined as type I—multifocal end-stents.

o  Type Il (focal intra-stent group): lesions are 10 mm long and are confined within the
stent(s) without extending outside the margins. Two or more discrete lesions 10 mm
in length located within the stent are defined as type II——multifocal intra-stent.

o  Type III (diffuse intra-stent group): lesions are 10 mm long and are confined within
the stent(s) without extending outside the margins.

o  Type IV (diffuse proliferative group): lesions are 10 mm long and extend beyond the
margin(s) of the stent(s).

e Type V (occlusion group): lesions have no prograde flow and no lumen has been
identified [22].

Figure 4. Types of restenosis after the stenting procedure [22].

Another potential contributor to carotid in-stent restenosis (Figure 4) is the insufficient
expansion of the initial stent, possibly due to external compression arising from signifi-
cant calcification. The cases where insufficient expansion was seen were excluded from
the study. It is worth mentioning that all those highly calcified lesions had no signs of
neovascularization (detected with CEUS).

2.8. Diagnosis of Stent Restenosis

In our center, we perform ultrasound follow-ups every 2 months in the first year and
then only every 6 months after stent placement. If there is any suspicion of stent restenosis,
the patient is subjected to DSA. If a patient comes back with any neurological symptoms
(suspicious of cerebral ischemia), we perform DSA as the primary diagnostic tool.

2.9. Treatment Strategy

Balloons, stents, and drugs were used to treat restenosis. If stenosis was less than 50%,
and the patient was ipsilaterally asymptomatic, those cases were left for the best medical
treatment strategy. If stenosis was more than 50%, then it was treated with repeat CAS
(rCAS), followed by percutaneous transluminal angioplasty (PTA).

2.10. Ethical Approval

This study was conducted with an ethical approval from Kaunas Regional Biomedical
Research Ethics Committee (Approval No. BE-2-102, dated 13 November 2020). After re-
ceiving comprehensive information about the study, all the participating patients provided
the informed consent.
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2.11. Statistical Analysis

Statistical analysis was performed using IBM SPSS 23.0 (Statistical Package for the
Social Sciences). Categorical data were expressed as numbers with percentages, while
continuous data as means or medians. The chi-square criterion was used to test the
hypothesis about the association between two characteristics. The non-parametric Mann-
Whitney U test to compare two independent samples was used. Kendall correlation
analysis was performed. A correlation was considered to be weak if T was <0.3, moderate
if 0.3 < 1< 0.7, and strong if T > 0.7. Post hoc power analysis showed a statistical power of
>0.8. The significance level o = 0.05 was chosen for statistical hypothesis testing. Differences
were considered statistically significant if p < 0.05.

3. Results
3.1. Characteristics of the Study Population

The mean age of all patients was 71.7 years. Table 1 presents the characteristics of
the overall study population. In our study, the patients were divided into two groups:
stented patients without restenosis and stented patients with restenosis. Statistical analysis
using the chi-square test revealed no significant sex-specific distribution for the two patient
groups (p = 0.464). The Mann-Whitney U test showed no significant difference in the
median age of patients with and without restenosis (70.50 and 72.0 years, respectively,
p = 0.529).

Table 1. Characteristics of the study population.

Characteristic Value
Age, years, mean 71.7
Degree of stenosis, %, mean 83.7
Arterial hypertension, % 42.9
Dyslipidemia, % 17.2
Ischemic heart disease, % 17.4
Smoking history, % 8.1
Diabetes, % 20.8

Stented patients without restenosis accounted for 91.9% (n = 203) and stented patients
with restenosis accounted for 8.1% (n = 18) (Table 2).

Table 2. Distribution of stented patients without and with restenosis by gender.

Stented without Restenosis, Stented with Restenosis,
Gender o o
% (11) %o (1)
Male 92.8 (141) 7.2 (11)
Female 89.9 (62) 10.1 (7)
Total 91.9 (203) 8.1 (18)

3.2. Patients’ Distribution by Plagque Grade

Grade 0 intraplaque neovascularization detected by CEUS was identified in 51.6%
(n = 114) of patients, grade 1 in 30.8% (n = 68), and grade 2 in 17.6% (n = 39). Notably, a
statistically significant association was established between plaque grade and both stented
patient groups: with restenosis and without restenosis (p < 0.001).

The distribution of patients without and with restenosis by plaque grade is shown in
Table 3. A statistically significant difference between both patient groups and the grade of
plaques was found only in grade 0 (p < 0.001) and grade 2 (p < 0.001), while there was no
statistically significant difference in grade 1 (p > 0.05). We randomly selected 69 patients
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out of 203 to test for reliability. In a random sample, the percentage of stented patients
without and with restenosis was 31.2% (n = 69) and 8.1% (n = 18), respectively. The random
sample statistical analysis revealed significant differences in plaque grade between the two
patient groups (p < 0.001). The distribution of grade 0 plaque in the stented group without
restenosis reached 62.3% and stented with restenosis reached 11.1%. Distribution of grade
1 plaques: without restenosis—29.0%, with restenosis—22.2%. Grade 2 plaque distribution:
without restenosis—8.7%, with restenosis—66.7%.

Table 3. Distribution of patients without and with restenosis by the grade of intraplaque neovascularization.

Grade of Intra'apla'que Total, % (1) Stented t'vitilout Stenteq wjth p Value
Neovascularization Restenosis, % (1) Restenosis, % (1)
0 51.6 (114) 55.2 (112) 11.1 (2) <0.001
1 30.8 (68) 31.5 (64) 222 (4) >0.05
2 17.6 (39) 13.3 (27) 66.7 (12) <0.001

3.3. Distribution of Smoking and Diabetes in the Patient Groups

Upon data analysis, it was determined that 89.6% (n = 198) of patients were non-
smokers and the percentage of smokers was 8.1% (1 = 18). The chi-square test indicated a
notable association between smoking and both patient groups: stented patients without
restenosis (5.5%) and stented patients with restenosis (43.8%) (x? = 28.375, df = 1, p < 0.001).
The risk estimate test showed a 13.36% chance of developing restenosis due to smoking. A
random sample confirmed that the prevalence of smoking exhibited a statistically significant
difference between patients without and with restenosis (4.3% vs. 43.8%). In addition,
76.9% (n = 170) of stented patients without restenosis and 20.8% (n = 46) with restenosis
had diabetes (p > 0.05).

3.4. Comparison of Plaque Grades and Smoking/Diabetes

Statistical analysis revealed a significant difference between the two patient groups
with respect to the grades of plaques and smoking (p = 0.007) (Table 4). However, by
dividing all smoking patients into two separate groups of smokers, stented with restenosis
and stented without restenosis, we got statistically insignificant differences (p > 0.05). The
risk estimate test showed a 1.58% chance of developing grade 0 and 1 plaques due to
smoking. The results showed no statistically significant difference between the two patient
groups in terms of plaque grade and diabetes, stented with restenosis and stented without
restenosis (p = 0.077).

Table 4. Distribution of stented patients with restenosis grades of intraplaque neovascularization and
smoking status.

Smoking Status

Grade of Intraplaque Neovascularization on CEUS, % (n)

Total, % (n)

0 1 2
Non-smokers 93.8 (105) 95.5 (63) 78.9 (30) 91.7 (198)
Smokers 6.3 (7) 45 (3) 21.1(8) 8.3 (18)

3.5. Diagnosis of Restenosis: US, Angiography

The mean duration of restenosis was 17.67 months. The frequency of angiography
was 61.1% (n = 11), and the frequency of US was 33.3% (1 = 6).

3.6. Treatment of Restenosis

Balloons, stents, and drugs were used to treat restenosis. The data from our study
showed that stents for restenosis treatment were used in 70.6% (n = 12) of patients, balloons
in 17.6% (n = 3), and drugs in 11.8% (n = 2).
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3.7. Relationship between Restenosis Type and Plaque Morphology

Notably, a statistically insignificant difference was obtained between the types of
restenosis (x> = 7.706, df = 3, p = 0.052). Type of restenosis: —11.8% (n = 2), [I—11.8%
(n=2), lII—52.9% (n = 9), IV—23.5% (n = 4).

Statistical analysis revealed no significant distribution between restenosis type and
plaque morphology (p = 0.268) (Table 5). Furthermore, Kendall correlation analysis be-
tween the restenosis type and the grade of intraplaque neovascularization was performed.
No significant correlation between the type of restenosis and the grade of intraplaque
neovascularization was found (t = 0.097, p = 0.667).

Table 5. Patient distribution by restenosis type and plaque morphology.

Grade of Intraplaque Neovascularization by CEUS, % (n)

Type of Restenosis 0 1 ’ Total
I 50.0 (1) 25.0(1) 0.0 (0) 11.8 (2)
il 0.0 (0) 0.0 (0) 182 (2) 11.8 (2)
I 50.0 (1) 25.0 (1) 63.6 (7) 52.9 (9)
v 0.0 (0) 50.0 (2) 182 (2) 235 (4)

According to the angiography, the average degree of stenosis in the overall study
population was 87.22% (range: 55.0% to 100.0%). In the group of stented patients without
restenosis, the average degree of stenosis was 87.51%, while, in the group of stented patients
with restenosis, it was 83.71%. No statistically significant difference in the degree of stenosis
was found comparing both patient groups (p = 0.075).

4. Discussion

There are ideas and studies suggesting that the primary consideration of atheroscle-
rotic plaque is an important factor in the development of a treatment strategy, although,
nowadays, guidelines are based on the degree of stenosis and presence of symptoms only.
Relying solely on the extent of stenosis is insufficient for accurately predicting stroke
in asymptomatic patients. When evaluating patients with carotid artery atherosclerosis,
ascertaining the point at which a stable atherosclerotic lesion transforms into an unsta-
ble one is a complex task, and this transition is not exclusively contingent upon plaque
size. Atherosclerotic plaques have three principal components: (i) smooth muscle cells,
macrophages, and T cells, (ii) an extracellular matrix including collagen elastic fibers and
proteoglycans, and (iii) intracellular and extracellular lipids [23]. Plaque development is
intricately associated with the process of stabilization and destabilization. Neovascular-
ization within the atherosclerotic plaque signifies the onset of destabilization mechanisms.
Angiogenesis, the formation of new blood vessels from pre-existing endothelium, is cru-
cial in developing hemorrhage, rupture, and thrombosis within coronary atherosclerotic
plaques. Consequently, this process contributes to advancing artery stenosis, ultimately
leading to occlusion [24]. As a result, there has been a transition in the focus of carotid
imaging toward the inclusion of plaque biology quantification in order to enhance the
effectiveness of stroke risk stratification. Data and studies rely on CEUS [25] as a tool for
plaque neovascularization diagnosis. Abnormal immature vessels are thought to promote
plaque instability and rupture due to vascular leakage and inflammation [23]. Plaque
neovascularization is not stopped after stent implantation and might have an effect on ISR.
We found the association between plaque morphology and the type of restenosis.

In our study, ISR occurred in 8.1% (n = 18) of patients. According to other studies,
ISR affects 3.5-14% of patients after CAS [26]. In our study, there were no statistically
significant differences between the group of patients who smoke and have diabetes and the
group comprising those who do not. Similar results were found in other studies [11,27]. In
our study, we found a statistically significant difference between grades of plaque, grade 0
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and 2. The study by Lingyun Jia et al. found that plaque morphology (regular or irregular),
stent types (closed cell stent and open cell stent), and post-balloon dilation did not affect
the occurrence of restenosis [28].

It is pertinent to note that our country has experienced the most significant increase in
the age-adjusted incidence of stroke, with prevalence rates expected to rise in Lithuania [29].
Moreover, the heart score risk model indicates that Lithuania is situated within the very
high-risk region for cardiovascular disease over a 5-year and 10-year period [30].

Most institutions use carotid duplex ultrasound, CTA, MRA, and digital subtraction
angiography to diagnose ISR. The presence of metallic artifacts can impede the effective
use of MRA for ISR diagnosis and, in turn, results in the frequent omission of this type
of surveillance.

DSA is the gold standard for evaluating the carotid diseases, but, because of angiogram-
related strokes and other complications, it is not routinely performed for diagnostic pur-
poses only [31].

In conventional carotid CTA, the artifacts of the stent vary depending on the structure
and characteristics of the alloy type. Also, CTA has limitations in the patients with kidney
failure (which is a common condition in patients with carotid stenosis) and contrast allergies.
Arteries with stents exhibit distinct biomechanical characteristics compared to native
vessels, leading to heightened rigidity and stiffness, indicating reduced compliance and
increased velocities [32]. The Society for Vascular Surgery has established optimal velocity
threshold criteria for varying severity of ISR after CAS: PSV < 104 cm/s if <30% stenosis,
PSV: 105 cm/s to 174 cm/s if 30% to 50% stenosis, PSV: 175 cm/s to 299 cm/s if 50% to 70%
stenosis, PSV > 300 cm/s, EDV > 140 cm/s, and ICA/CCA > 3.8 if >70% stenosis [33].
However, the International Carotid Stenting Study (comparing DUS derived PSV with
CTA in re-stenosis patients after CAS) found no evidence that PSV thresholds needed to be
increased when diagnosing > 50% stenosis [34].

The question of the optimal timing, method, and circumstances for intervening in
patients with coronary artery stenosis is a matter of ongoing debate. For asymptomatic
patients with ISR less than 70%, a medical management approach involving antiplatelet
agents, high-intensity statin therapy, effective blood pressure control, and tobacco cessation
appear to be the most suitable course of action.

A systematic review/meta-analysis has shown a low incidence of late ipsilateral
stroke, i.e., 0.8% over a 50-month period, in untreated asymptomatic patients with CAS
ISR exceeding 70% [9]. For the symptomatic patients receiving maximal medical therapy,
including dual antiplatelet therapy and high-intensity statin, with ISR exceeding 50% and
no alternative source for ischemic stroke identified, re-intervention appears to be advisable
for the majority of patients unless a palliative strategy is considered due to the severity of
the stroke or presence of concurrent comorbidities. Endovascular ISR treatment can include
balloon or cutting balloon angioplasty with or without stent implantation. There are no
randomized trials with respect to symptomatic restenosis management: customarily, centers
adopt symptomatic carotid stenosis recommendations. For patients who experiences
symptoms related to the carotid territory and have a 50-99% restenosis on the same side, it is
advisable to evaluate them for either a repetitive endarterectomy or endovascular treatment
within 14 days of the onset of symptoms. For the individuals who have recently exhibited
symptoms and have less than 50% restenosis on the same side, medical treatment is the
preferred approach unless they encounter recurrent symptoms despite receiving optimal
medical care (dual antiplatelet therapy and high-intensity statin therapy) [35]. Medical
management is recommended for the patients who develop an asymptomatic restenosis
> 70% after CAS [10]. Also, for the patients who develop focal neurological symptoms or
seizures during the balloon inflation or proximal flow reversal during the primary carotid
stenting, post-operative follow-ups and re-intervention for asymptomatic restenosis > 70%
are recommended. Due to the symptomatic nature of the lesion, there are frequent concerns
about the presence of thrombus or loose debris within the stent. Considering this, placing
an additional stent in the targeted lesion might be more advantageous. Endovascular
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treatment strategies (restenting, balloon treatment) are usually chosen according to the type
of restenosis.

Recent trials suggest that CEA and CAS have similar long-term outcomes in terms
of ischemic stroke reduction for up to 10 years. The incidence of restenosis greater than
70% has been shown to be 5.8% following CEA with a median follow-up of 47 months and
10% following CAS with a median follow-up of 62 months [10]. The 10-year data from
the CREST trial has shown no difference in restenosis or revascularization between CEA
and CAS at 10 years [8]. Another trial has also reported restenosis and risk of stroke after
stenting or endarterectomy for symptomatic carotid stenosis. Moderate (>50%) restenosis
has been found to be more common in the stenting group compared to the endarterectomy
group [7].

Some limitations of this study have to be acknowledged. First, this was a retrospective
study at a single medical center. Second, this study was observational. As such, the stenting
methods and type of stent selected were not controlled. Undoubtedly, maximal medical
therapy coupled with risk factor modification are fundamental. However, the question
arises: who, if anyone, should undergo intervention? Maybe, primary diagnostic findings,
such as high-grade neovascularization of the plaque, might play an important role in
choosing the ISR treatment strategy. Does the nature of the CAS ISR pathology influence
the decision of who to intervene upon?

5. Conclusions

In conclusion, there was a significant association between stent restenosis within
12-24 months after the carotid stenting procedure and an elevated grade of plaque vascu-
larization detected by contrast-enhanced ultrasound. Moreover, one of the main factors
possibly determining the grade of plaque was smoking, while diabetes did not have a
significant effect. We found no association between plaque morphology and the type
of restenosis.

6. Limitations

The data are derived from a single center, limiting generalizability.

Author Contributions: Conceptualization, A.G., D.I. and G.D.; methodology, A.G., G.D. and RK;
software, G.D. and A.M,; validation, A.B.; formal analysis, A.G., A.P, RK. and S.L.; investigation, R K.
and A.P; resources, M.K.; data curation, A.M. and G.D.; writing—original draft preparation, A.G.,
MK, J.P. and E.S,; writing—review and editing, E.S., S.L. and J.P.; visualization, A.B.; supervision,
J.P, S.L. and D.L; project administration, A.B. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by Kaunas Regional Biomedical Research Ethics Committee (Approval No.
BE-2-102, dated 13 November 2020) for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data are contained within the article.

Acknowledgments: The authors appreciate the valuable assistance of their colleagues in collecting
study data.

Conflicts of Interest: The authors have no conflicts of interest to declare.

1.  European Cardiovascular Disease Statistics 2017—FEuropean Heart Network. Available online: https://ehnheart.org/library/
cvd-statistics /european-cardiovascular-disease-statistics-2017 (accessed on 14 February 2024).

2. Bennett, D.A,; Krishnamurthi, R.V.; Barker-Collo, S.; Forouzanfar, M.H.; Naghavi, M.; Connor, M.; Lawes, C.M.; Moran, A.E.;
Anderson, L.M.; Roth, G.A.; et al. The Global Burden of Ischemic Stroke: Findings of the GBD 2010 Study. Glob. Heart 2014, 9,
107-112. [CrossRef] [PubMed]


https://ehnheart.org/library/cvd-statistics/european-cardiovascular-disease-statistics-2017
https://ehnheart.org/library/cvd-statistics/european-cardiovascular-disease-statistics-2017
https://doi.org/10.1016/j.gheart.2014.01.001
https://www.ncbi.nlm.nih.gov/pubmed/25432120

Medicina 2024, 60, 836 12 of 13

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

Grau, AJ.; Weimar, C.; Buggle, F.; Heinrich, A.; Goertler, M.; Neumaier, S.; Glahn, J.; Brandt, T.; Hacke, W.; Diener, H.C. Risk
Factors, Outcome, and Treatment in Subtypes of Ischemic Stroke The German Stroke Data Bank. Stroke 2001, 32, 2559-2566.
[CrossRef] [PubMed]

Krogias, C.; Kerasnoudis, A. Detection of Microembolic Signals and Ultrasonic Brain Perfusion Imaging in Symptomatic Carotid
Artery Disease. Nevrologia-gr 2012, 21, 36—46.

Kernan, W.N.; Ovbiagele, B.; Black, H.R.; Bravata, D.M.; Chimowitz, M.I.; Ezekowitz, M.D.; Fang, M.C.; Fisher, M.; Furie, K.L.;
Heck, D.V,; et al. Guidelines for the Prevention of Stroke in Patients with Stroke and Transient Ischemic Attack: A Guideline
for Healthcare Professionals from the American Heart Association/American Stroke Association. Stroke 2014, 45, 2160-2236.
[CrossRef]

Pedro-Botet, J.; Climent, E.; Benaiges, D. Atherosclerosis and Inflammation. New Therapeutic Approaches. Med. Clin. 2020, 155,
256-262. [CrossRef] [PubMed]

Bonati, L.H.; Gregson, J.; Dobson, J.; McCabe, D.J.H.; Nederkoorn, PJ.; van der Worp, H.B.; de Borst, G.J.; Richards, T.;
Cleveland, T.; Mueller, M.D.; et al. Restenosis and Risk of Stroke after Stenting or Endarterectomy for Symptomatic Carotid
Stenosis in the International Carotid Stenting Study (ICSS): Secondary Analysis of a Randomised Trial. Lancet Neurol. 2018, 17,
587-596. [CrossRef] [PubMed]

Brott, T.G.; Howard, G.; Roubin, G.S.; Meschia, J.E; Mackey, A.; Brooks, W.; Moore, W.S.; Hill, M.D.; Mantese, V.A,;
Clark, W.M,; et al. Long-Term Results of Stenting versus Endarterectomy for Carotid-Artery Stenosis. N. Engl. J. Med. 2016, 374,
1021-1031. [CrossRef] [PubMed]

Lal, B.K,; Beach, K.W.; Roubin, G.S.; Lutsep, H.L.; Moore, W.S.; Malas, M.B.; Chiu, D.; Gonzales, N.R.; Burke, J.L.; Rinaldi, M.; et al.
Restenosis after Carotid Artery Stenting and Endarterectomy: A Secondary Analysis of CREST, a Randomised Controlled Trial.
Lancet Neurol. 2012, 11, 755-763. [CrossRef]

Kumar, R.; Batchelder, A.; Saratzis, A.; AbuRahma, A.; Ringleb, P;; Lal, B.; Mas, J.; Steinbauer, M.; Naylor, A. Restenosis after
Carotid Interventions and Its Relationship with Recurrent Ipsilateral Stroke: A Systematic Review and Meta-Analysis. Eur. ].
Vasc. Endovasc. Surg. 2017, 53, 766-775. [CrossRef]

Takao, N.; Hagiwara, Y.; Shimizu, T.; Soga, K.; Tsuchihashi, Y.; Otsubo, H.; Tatsuno, K.; Takaishi, S.; Usuki, N.; Yoshie, T.; et al.
Preprocedural Carotid Plaque Echolucency as a Predictor of In-Stent Intimal Restenosis after Carotid Artery Stenting. . Stroke
Cerebrovasc. Dis. Off. ]. Natl. Stroke Assoc. 2020, 29, 105339. [CrossRef]

Bonati, L.H.; Dobson, ].; Featherstone, R.L.; Ederle, J.; van der Worp, H.B.; de Borst, G.J.; Mali, W.P.T.M.; Beard, ].D.; Cleveland, T.;
Engelter, S.T.; et al. Long-Term Outcomes after Stenting versus Endarterectomy for Treatment of Symptomatic Carotid Stenosis:
The International Carotid Stenting Study (ICSS) Randomised Trial. Lancet 2015, 385, 529-538. [CrossRef] [PubMed]

Kang, K.; Gao, F; Mo, D.; Yang, M.; Liu, Y.; Yang, B.; Chen, X,; Gu, W,; Ma, G.; Zhao, X,; et al. Outcome of Endovascular
Recanalization for Intracranial In-Stent Restenosis. . Neurointerventional Surg. 2020, 12, 1094-1098. [CrossRef] [PubMed]
Megaly, M.; Alani, F.; Cheng, C.; Ragina, N. Factors for the Development of Carotid Artery In-Stent Restenosis: Multivariable
Analysis. Cardiovasc. Revascularization Med. Incl. Mol. Interv. 2021, 24, 65-69. [CrossRef] [PubMed]

Douglas, G.; Channon, M.K. The pathogenesis of atherosclerosis. Medicine 2014, 42, 480-484. [CrossRef]

Gao, P; Chen, Z.-Q.; Bao, Y.-H; Jiao, L.-Q.; Ling, F. Correlation between carotid intraplaque hemorrhage and clinical symptoms:
Systematic review of observational studies. Stroke 2007, 38, 2382-2390. [CrossRef] [PubMed]

Isabel, C.; Lecler, A.; Turc, G.; Naggara, O.; Schmitt, E.; Belkacem, S.; Oppenheim, C.; Touzé, E. Relationship between Watershed
Infarcts and Recent Intra Plaque Haemorrhage in Carotid Atherosclerotic Plaque. PLoS ONE 2014, 9, e108712. [CrossRef]

Park, ].S.; Kwak, H.S.; Lee, ].M.; Koh, E.J.; Chung, G.H.; Hwang, S.B. Association of carotid intraplaque hemorrhage and territorial
acute infarction in patients with acute neurological symptoms using carotid magnetization-prepared rapid acquisition with
gradient-echo. J. Korean Neurosurg. Soc. 2015, 57, 94-99. [CrossRef] [PubMed]

Singh, N.; Moody, A.R.; Gladstone, D.].; Leung, G.; Ravikumar, R.; Zhan, J.; Maggisano, R. Moderate carotid artery stenosis: MR
imaging-depicted intraplaque hemorrhage predicts risk of cerebrovascular ischemic events in asymptomatic men. Radiology 2009,
252, 502-508. [CrossRef] [PubMed]

Deyama, ].; Nakamura, T.; Takishima, I.; Fujioka, D.; Kawabata, K.-I.; Obata, J.-E.; Watanabe, K.; Watanabe, Y.; Saito, Y.;
Mishina, H.; et al. Contrast-Enhanced Ultrasound Imaging of Carotid Plaque Neovascularization Is Useful for Identifying High-
Risk Patients with Coronary Artery Disease. Circ. J. Off. ]. Jpn. Circ. Soc. 2013, 77, 1499-1507. [CrossRef]

Overview of Carotid Artery Stenting—UpToDate. Available online: https:/ /www.uptodate.com/contents/overview-of-carotid-
artery-stenting (accessed on 14 March 2024).

Lal, B.K. Recurrent Carotid Stenosis after CEA and CAS: Diagnosis and Management. Semin. Vasc. Surg. 2007, 20, 259-266.
[CrossRef]

Kumar, V.; Abbas, A.K,; Fausto, N.; Aster, ].C. BOOK REVIEW Robbins and Cotran: Pathologic Basis of Disease, 8th ed.; Elsevier:
Amsterdam, The Netherlands, 2014.

McCarthy, M.].; Loftus, LM.; Thompson, M.M.; Jones, L.; London, N.J.; Bell, P.R.; Naylor, A.; Brindle, N.P. Angiogenesis and
the Atherosclerotic Carotid Plaque: An Association between Symptomatology and Plaque Morphology. J. Vasc. Surg. 1999, 30,
261-268. [CrossRef] [PubMed]


https://doi.org/10.1161/hs1101.098524
https://www.ncbi.nlm.nih.gov/pubmed/11692017
https://doi.org/10.1161/STR.0000000000000024
https://doi.org/10.1016/J.MEDCLI.2020.04.024
https://www.ncbi.nlm.nih.gov/pubmed/32571617
https://doi.org/10.1016/S1474-4422(18)30195-9
https://www.ncbi.nlm.nih.gov/pubmed/29861139
https://doi.org/10.1056/nejmoa1505215
https://www.ncbi.nlm.nih.gov/pubmed/26890472
https://doi.org/10.1016/S1474-4422(12)70159-X
https://doi.org/10.1016/j.ejvs.2017.02.016
https://doi.org/10.1016/J.JSTROKECEREBROVASDIS.2020.105339
https://doi.org/10.1016/S0140-6736(14)61184-3
https://www.ncbi.nlm.nih.gov/pubmed/25453443
https://doi.org/10.1136/NEURINTSURG-2019-015607
https://www.ncbi.nlm.nih.gov/pubmed/32034104
https://doi.org/10.1016/J.CARREV.2020.09.005
https://www.ncbi.nlm.nih.gov/pubmed/32928694
https://doi.org/10.1016/j.mpmed.2014.06.011
https://doi.org/10.1161/STROKEAHA.107.482760
https://www.ncbi.nlm.nih.gov/pubmed/17600232
https://doi.org/10.1371/JOURNAL.PONE.0108712
https://doi.org/10.3340/JKNS.2015.57.2.94
https://www.ncbi.nlm.nih.gov/pubmed/25733989
https://doi.org/10.1148/RADIOL.2522080792
https://www.ncbi.nlm.nih.gov/pubmed/19508983
https://doi.org/10.1253/CIRCJ.CJ-12-1529
https://www.uptodate.com/contents/overview-of-carotid-artery-stenting
https://www.uptodate.com/contents/overview-of-carotid-artery-stenting
https://doi.org/10.1053/J.SEMVASCSURG.2007.10.009
https://doi.org/10.1016/S0741-5214(99)70136-9
https://www.ncbi.nlm.nih.gov/pubmed/10436445

Medicina 2024, 60, 836 13 of 13

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Fresilli, D.; Di Leo, N.; Martinelli, O.; Di Marzo, L.; Pacini, P.; Dolcetti, V.; Del Gaudio, G.; Canni, F;; Ricci, L.I.; De Vito, C.; et al.
3D-Arterial Analysis Software and CEUS in the Assessment of Severity and Vulnerability of Carotid Atherosclerotic Plaque: A
Comparison with CTA and Histopathology. La Radiol. Medica 2022, 127, 1254. [CrossRef] [PubMed]

Hrbag, T.; Fiedler, J.; Prochazka, V.; Jonszta, T.; Roubec, M.; Pakizer, D.; Vaclavik, D.; Netuka, D.; Heryan, T.; Skoloudik, D.
Comparison of Carotid Endarterectomy and Repeated Carotid Angioplasty and Stenting for In-Stent Restenosis (CERCAS Trial):
A Randomised Study. Stroke Vasc. Neurol. 2023, 8, 399-404. [CrossRef]

Hagiwara, Y.; Takao, N.; Usuki, N.; Yoshie, T.; Takaishi, S.; Shimizu, T.; Ueda, T.; Hasegawa, Y.; Yamano, Y. Carotid Ultrasound
Using Superb Microvascular Imaging to Identify Patients Developing In-Stent Restenosis After CAS. J. Stroke Cerebrovasc. Dis.
2022, 31, 106627. [CrossRef] [PubMed]

Jia, L.; Hua, Y; Jiao, L.; Ma, Y.; Xing, Y.; Wang, L.; Hui, P; Pan, X.; Fang, Y.; Peng, T.; et al. Effects of Plaque Characteristics and
Artery Hemodynamics on the Residual Stenosis after Carotid Artery Stenting. . Vasc. Surg. 2023, 78, 430—437.e4. [CrossRef]
Wafa, H.A.; Wolfe, C.D.A.; Emmett, E.; Roth, G.A.; Johnson, C.O.; Wang, Y. Burden of Stroke in Europe. Stroke 2020, 51, 2418-2427.
[CrossRef] [PubMed]

SCORE2 Working Group; ESC Cardiovascular Risk Collaboration. SCORE2 Risk Prediction Algorithms: New Models to Estimate
10-Year Risk of Cardiovascular Disease in Europe. Eur. Heart J. 2021, 42, 2439-2454. [CrossRef] [PubMed]

Endarterectomy for Asymptomatic Carotid Artery Stenosis. Executive Committee for the Asymptomatic Carotid Atherosclerosis
Study—PubMed. Available online: https://pubmed.ncbinlm.nih.gov/7723155/ (accessed on 14 February 2024).

de Borst, G.J.; Meijjer, R.; Lo, R.H.; Vosmeer, HW.G.; Ackerstaff, R.G.A.; Moll, EL. Effect of Carotid Angioplasty and Stenting on
Duplex Velocity Measurements in a Porcine Model. J. Endovasc. Ther. Off. ]. Int. Soc. Endovasc. Spec. 2008, 15, 672-679. [CrossRef]
[PubMed]

Lal, B.K.; Hobson, R.W.,; Tofighi, B.; Kapadia, I.; Cuadra, S.; Jamil, Z. Duplex Ultrasound Velocity Criteria for the Stented Carotid
Artery. J. Vasc. Surg. 2008, 47, 63-73. [CrossRef]

Optimal Cut-off Criteria for Duplex Ultrasound Compared with Computed Tomography Angiography for the Diagno-
sis of Restenosis in Stented Carotid Arteries in the International Carotid Stenting Study—PubMed. Available online:
https:/ /pubmed.ncbinlm.nih.gov /31008301 / (accessed on 14 February 2024).

Rothwell, PM.; Eliasziw, M.; Gutnikov, S.A.; Fox, A.].; Taylor, D.W.; Mayberg, M.R.; Warlow, C.P.; Barnett, H.].M. Analysis of
Pooled Data from the Randomised Controlled Trials of Endarterectomy for Symptomatic Carotid Stenosis. Lancet 2003, 361,
107-116. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/S11547-022-01551-Z
https://www.ncbi.nlm.nih.gov/pubmed/36114929
https://doi.org/10.1136/SVN-2022-002075
https://doi.org/10.1016/J.JSTROKECEREBROVASDIS.2022.106627
https://www.ncbi.nlm.nih.gov/pubmed/35797762
https://doi.org/10.1016/J.JVS.2023.03.500
https://doi.org/10.1161/STROKEAHA.120.029606
https://www.ncbi.nlm.nih.gov/pubmed/32646325
https://doi.org/10.1093/EURHEARTJ/EHAB309
https://www.ncbi.nlm.nih.gov/pubmed/34120177
https://pubmed.ncbi.nlm.nih.gov/7723155/
https://doi.org/10.1583/08-2500.1
https://www.ncbi.nlm.nih.gov/pubmed/19090631
https://doi.org/10.1016/J.JVS.2007.09.038
https://pubmed.ncbi.nlm.nih.gov/31008301/
https://doi.org/10.1016/S0140-6736(03)12228-3

	Introduction 
	Materials and Methods 
	Patients 
	Ultrasound Characteristics 
	Ultrasound Contrast Agent 
	Principles of Contrast Ultrasound Based on Contrast Agent Pharmacokinetics 
	Criteria for Carotid Stenting 
	Carotid Artery Stenting (CAS) 
	Stent Restenosis 
	Diagnosis of Stent Restenosis 
	Treatment Strategy 
	Ethical Approval 
	Statistical Analysis 

	Results 
	Characteristics of the Study Population 
	Patients’ Distribution by Plaque Grade 
	Distribution of Smoking and Diabetes in the Patient Groups 
	Comparison of Plaque Grades and Smoking/Diabetes 
	Diagnosis of Restenosis: US, Angiography 
	Treatment of Restenosis 
	Relationship between Restenosis Type and Plaque Morphology 

	Discussion 
	Conclusions 
	Limitations 
	References

