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INTRODUCTION: Carotid revascularization is a well-established technique for preventing stroke in patients with 
significant symptomatic or asymptomatic carotid artery stenosis. Carotid artery stenting (CAS) has become an 
alternative to carotid endarterectomy (CEA), especially in high-risk surgical patients. However, restenosis after 
CAS is a potentially severe complication that can impact the medium and long-term success of the procedure 
and increase the risk of cerebrovascular events. 

METHODS: Relevant articles on restenosis after carotid stenting were searched in the PubMed database. The 
selected studies were evaluated for quality and relevance, and the information was summarized to provide an 
overview of the causes, risk factors, diagnosis, and treatment options for restenosis after CAS due to atherosclerotic 
carotid artery disease. 

RESULTS: Restenosis after CAS can occur due to various factors, including thrombosis, intimal hyperplasia, and 
stent migration. Several risk factors have been identified, such as age, diabetes, hypertension, dyslipidemia, 
and smoking. Restenosis can be diagnosed with carotid Doppler ultrasound, contrast-enhanced computed 
tomography, or arteriography. Treatment options include angioplasty with or without rescue stent placement, 
CEA associated with stent explantation, or medical treatment.

CONCLUSION: Restenosis after carotid stenting is a potentially serious complication. It is especially important 
to identify the risk factors for restenosis and maintain close follow-up with patients after the procedure. The 
treatment of restenosis should be individualized. Further studies are needed to define the best strategies for 
preventing and treating restenosis after carotid stenting.
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INTRODUCTION

Carotid stenosis is a common cause of stroke, and the primary 
purpose of intervention is to reduce the risk of primary or 
recurrent cerebrovascular events. Carotid endarterectomy 
(CEA) is the first-line treatment for carotid stenosis. However, 
carotid stenting (CAS) has surfaced as a minimally invasive 

alternative for patients at high surgical risk, although 
this is a heterogeneous and controversial concept. CAS 
allows for lumen expansion, cerebral flow improvement, 
and exclusion of potentially embolic plaque. Although 
CAS has demonstrated safety and efficacy, restenosis is a 
possible complication that may lead to recurrent stroke or 
transient ischemic attacks.(1,2) This article aims to review the 
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current knowledge on CAS, including incidence, risk factors, 
mechanisms, diagnosis, and treatment options. 

METHODS

Relevant articles on restenosis after carotid stenting were 
searched in the PubMed database using the keywords 
"carotid stenosis," "carotid stenting," and "in-stent restenosis." 
Only original articles published as full text in English were 
considered, and no time restrictions were applied. After a 
first screening of title and abstracts, selected studies were 
evaluated for quality and relevance, and the information was 
summarized to provide an overview of the causes, risk factors, 
diagnosis, and treatment options for restenosis after CAS due 
to atherosclerotic carotid artery disease. 

RESULTS

Incidence: 
The incidence of restenosis after CAS (in-stent restenosis, or 
ISR) varies significantly among studies, ranging from 0% to 
36%.(3-7) However, most studies report an incidence similar 
to that of CEA, around 5-10%.(8-14) The most relevant studies 
reporting follow-up, including the rate of ISR after CAS, 
are summarized in Table 1. The variability in the reported 
incidence of restenosis after CAS may be due to patient 
selection, lesion characteristics, technical evolution of the 
procedure, and duration of follow-up. However, it may also be 
due to heterogeneity in the definition of restenosis, which is 
defined as equal or greater than 70% in CREST, SPACE, and 
ICSS and equal or greater than 50% in EVA-3S.(15)

Table 1. Rates of restenosis after carotid stenting, as reported in the main 
randomized trials. 

Risk factors for carotid stent restenosis:
IRS is a complex and multifactorial process; several risk 
factors have been identified.(2) These risk factors may 
be classified as patient-related, lesion-related, intra-
procedural, and post-procedural factors. 

Patient-related factors: Age is a well-recognized risk factor 
for ISR, with older patients presenting with a higher risk. 
Female sex has also been associated with an increase in 
the risk of restenosis after CAS, possibly due to the smaller 
vessel diameter. Other patient-related risk factors include 

smoking, diabetes mellitus, hypertension, dyslipidemia, 
and chronic renal disease.(7,16) It is generally accepted 
that these factors contribute to ISR by promoting intimal 
hyperplasia and inflammation, as discussed later. 

Lesion-related factors: The degree and location of the 
stenosis are important factors that affect the risk of ISR 
after CAS. Longer lesions with a higher degree of stenosis or 
located at the carotid bifurcation are more likely to develop 
restenosis.(2) The presence of heavy lesion calcification has 
also been associated with a greater risk of restenosis after 
CAS. Calcification may prevent a complete lesion expansion 
and, therefore, promote intimal hyperplasia.

Procedure-related factors: The type of stent may affect the 
risk of restenosis. Stents without drug-elution may be more 
likely to develop restenosis than those with drug-elution 
due to the reduction of intimal hyperplasia. However, there 
are no drug-eluting stents designed explicitly for carotid 
intervention.(17) Currently, there are different dedicated 
carotid stents with various stent strut configurations, 
including open cells (more flexible and suitable for tortuous 
vessels, but with less plaque coverage) and closed cells 
(less flexible but with a greater capacity to jail the plaque 
contents). Hybrid designs are also available, combining the 
flexibility of open cells and the prevention of plaque prolapse 
of closed cells. Nevertheless, according to the most recent 
recommendations of the European Society for Vascular and 
Endovascular Surgery (ESVS), the choice of stent should be 
individualized.(7) Other procedural-related factors include the 
dimensions and location of the stent (including the carotid 
bifurcation or restricted to the internal carotid artery), the 
degree of stent expansion, and the degree of post-dilatation. 

Post-procedural factors: The management of medical 
therapy after CAS may also affect the risk of restenosis. While 
antiplatelet therapy is generally recommended to prevent 
stent thrombosis, medication adherence may be a concern. 
Also, despite the overall agreement that dual antiplatelet 
therapy is recommended after CAS, the preferred regimen 
and duration still need to be determined. The 2023 ESVS 
guidelines recommend a minimum of four weeks, after 
which single platelet therapy should be considered, 
preferably with clopidogrel (level of evidence Ia).(7) 
Additionally, smoking and poorly controlled hypertension, 
diabetes mellitus, and dyslipidemia all contribute to 
restenosis.(7,11,18,19)

Mechanism:
ISR is a complex process with multiple mechanisms, 
including neointimal hyperplasia, technical flaws such as 
stent malposition, and the progression of atherosclerotic 
disease. Neointimal hyperplasia is the most common 
mechanism, and the proliferation of smooth muscle 
cells and extra-cellular matrix deposition causes it. Stent 
malposition occurs when not adequately implanted, 
resulting in a space between the stent and the wall 
with resulting turbulence.(20) This may result in platelet 
activation, thrombus formation, and consequent worsening 
of the stenosis in the treated segment. Progression of 
atherosclerotic disease refers to the development or 
progression of plaques in the previously treated or adjacent 
segments, resulting in lumen reduction.(21) 
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Study Restenosis rate

CREST 6,0% at two years

EVA-3S 3,3% at three years

SPACE 10,7% at two years

ICSS 10,6% at 5 years

CAVATAS 14% at 1 year

CKD 2.25
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In addition, inflammation and thrombosis are also 
relevant for developing ISR. Inflammatory cells, such as 
macrophages or T lymphocytes, may be activated by the 
stent-induced intimal lesion and by pro-inflammatory 
cytokines, resulting in the production of growth factors and 
smooth muscle cell proliferation.(21)

It is important to note that the mechanisms behind ISR 
are inter-connected and frequently occur simultaneously. 
As such, finding a primary mechanism is very difficult. 
Consequently, a global preventive and therapeutic approach 
to restenosis is necessary. This may involve a combination 
of mechanical and pharmacological interventions aiming 
at different mechanisms simultaneously. 

Diagnosis:
Early diagnosis of ISR is relevant because it may allow 
timely intervention to prevent complications. Duplex 
ultrasonography (DUS) is the preferred noninvasive 
method for follow-up after CAS, with a relative sensibility of 
70-98% and specificity of 83-97%.(22,23) However, this method 
may have limitations in marked calcification or tortuosity 
or when the stent is very distal. 

Interpretation of flow velocities is more difficult after CAS 
than after CEA or native arteries, as the stent accelerates 
flow, even when it is completely expanded and adjusted to 
the wall.(24) As such, higher peak systolic velocities (PSV) have 
been proposed, including PSV>220cm/s and a ratio of PSV 
in the internal carotid artery / PSV in the common carotid 
artery greater than 2.5 for the diagnosis of <50% restenosis, 
and a PSV >300cm/s, end-diastolic velocity >90cm/s and a 
ratio >3.8 to diagnose restenosis greater than 70%.(7,25,26)

Indications for treatment:
Asymptomatic patients: According to Kumar et al., the 
ipsilateral stroke rate at five years in patients after CAS was 
0.8% with restenosis <70% vs 2% without significant restenosis, 
which was a non-significant difference.(27) Therefore, the 
indications for intervention due to asymptomatic CAS 
restenosis are controversial, and there are no randomized trials 
to guide practice. Although it is generally considered a benign 
entity, several studies identified that approximately two-thirds 
of patients treated for ISR were asymptomatic.(7,28) Others 
suggest that the benefit of reintervention in patients with 
asymptomatic ISR is low. The rationale for this interpretation 
is that the risk of (recurrent) stroke in patients with ISR 
under best medical treatment is low (0.8% at four years) 
and that 97% of late ipsilateral strokes occurred in patients 
with no significant restenosis.(27) Among the studies that 
report reintervention in asymptomatic patients, the 
majority report thresholds of 70%, and others even higher 
(80-90%).(29)

Symptomatic patients:   
There are no randomized trials on this topic, and practice 
is based on evidence from retrospective studies, case 
reports, and expert opinion. The intervention criteria are 
generally similar to those of primary symptomatic carotid 
disease. If a patient develops an acute cerebrovascular 
event and a 50-99% restenosis is present, intervention 
should be considered in the first two weeks after symptom 

onset.(7,29) Recent evidence also tells us that symptomatic 
patients with ipsilateral restenosis <50% should be treated 
conservatively unless there is symptom recurrence under 
the best medical therapy.(7) Some, however, propose 
reintervention despite the degree of stenosis.(29)

Treatment options:
Despite the existence of some clear indications for 
reintervention, no consensus exists over the optimal 
management of ISR after CAS. Evidence is scarce and 
limited by heterogeneity and potential bias. Subsequently, 
no strong recommendation can be made. Options 
include optimized medical management with or without 
endovascular or open carotid reintervention. The best 
strategy should be individualized according to patient 
characteristics, including comorbiddities, presentation, 
and anatomy. 

Optimized medical management should always be 
offered to every patient with carotid stenosis, even before the 
primary operation. Single antiplatelet therapy with aspirin 
or clopidogrel is typically continued long-term after CAS to 
prevent thromboembolic events and reduce cardiovascular 
risk. Also, moderate to high-intensity statin has been shown 
to reduce ISR.(30)

Endovascular interventions include simple balloon 
angioplasty and stent-in-stent implants (bare or covered). 
However, the efficacy of endovascular interventions for ISR is 
controversial, with some studies reporting high recurrence 
rates and others good long-term outcomes.(13)Novel 
therapeutic options include drug-coated stents or balloons 
and bioabsorbable vascular devices.(20,31-33) These have shown 
promising results in preliminary studies, but their efficacy 
in the long term has yet to be discovered. The mechanism 
of restenosis should also be considered - in the first three 
years after stenting, miointimal hyperplasia with smooth 
muscle cell proliferation is the leading cause of restenosis. 
Surgical revascularization, such as CEA or carotid bypass, 
may be considered when endovascular interventions have 
failed. CEA with stent explant is the most commonly used 
technique, but it is technically more complex than primary 
CEA, with morbidity and mortality ranging from 2-5%.(8)

CONCLUSION 

In-stent restenosis after carotid stenting is a complex 
process that may be influenced by several patient, lesion, 
and procedural factors. A better comprehension of these 
risk factors is important to identify patients at higher risk 
of stenosis and optimize their follow-up and management. 
Future studies are needed to identify novel prevention 
strategies and improve patient selection and outcomes of 
reinterventions. This may include novel stent designs and 
drug-eluting technologies. 
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