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ABSTRACT 

Background: There is no consensus on the duration of dual antiaggregant therapy after carotid stenting. 

This study aimed to evaluate the early contribution of dual antiaggregant therapy for three or six months 

to stent restenosis. 
Objective: This study aimed to identify the correlation between stent restenosis and the duration of dual 

antiplatelet therapy (DAPT) in carotid artery stenting (CAS) subjects by retrospectively scanning a CAS 

procedure dataset. 

Methods: Patients who underwent a CAS procedure received dual DAPT (acetylsalicylic acid (ASA) 
+ clopidogrel) were recruited for this study. The first group was the patients who received dual 

antiaggregants for three months, and the second group was the patients who received dual 
antiaggregants for six months. Patients' demographic characteristics, comorbidities, and radiological 

results were reviewed. Follow-up activities for the following six months were assessed for stent status, 

complications, and new ischemic lesions. 

Results: A total of 65 patients received ASA (acetylsalicylic acid) + clopidogrel for six months, 

while the remaining 118 patients were treated for three months. The restenosis rates were not 

significantly different between the two groups. The complication and adverse event frequencies were 

also similar. 

Conclusion: This study revealed that the efficacy of 3-month and 6-month DAPT is similar regarding 

the restenosis frequency, and there are no significant differences in complication frequency. 
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Introduction 

Atherosclerotic carotid artery stenosis is a common cause of 

ischemic strokes. Occlusive events in the carotid bifurcation 

are responsible for approximately 7%–20% of such strokes. 

Carotid endarterectomy (CEA) and carotid artery stenting 

(CAS) are two essential treatment alternatives in carotid 

artery stenosis.1 The embolic protection devices used for 

CAS operations have limited the compound ratio of stroke or 

death during the procedure performed by experienced 

persons and in centers with large patient volumes to less than 

6%, similar to that of patients undergoing CEA.1,2. Before 

and after CAS procedures, dual antiplatelet therapy (DAPT) 

is recommended to prevent thromboembolism. Long-term 

antiplatelet therapy (>1 month) has proven beneficial after 

coronary artery interventions with bare-metal stents.3 The 

American College of Radiology (ACR) and the American 

Stroke Association (ASA) guidelines recommend DAPT 

with aspirin (81–325 mg daily) plus clopidogrel (75 mg 

daily) for a minimum of 30 days before and after a CAS 

procedure. Ticlopidine (250 mg twice a day) may be used as 

a substitute for patients with intolerance to clopidogrel.3,4 

The optimal duration of DAPT after stenting does not have a 

standard, and there is still heterogeneity among neuro-

interventionalists regarding the use of DAPTs.5,6 

Furthermore, the antiplatelet resistance tests, which have 

proven to be important in coronary artery interventions7, 

differ by centers in CAS applications and are routinely 

performed only in a few centers .5 

There have been two major concerns since the introduction 

of CAS applications. These doubts revolve around its 

effectiveness and safety and in-stent restenosis (ISR), which 

is considered a long-term risk.1 Post-CAS ISR is a relatively 

rare complication with an incidence varying between 2-8%.8 

Advanced age, female sex, smoking, diabetes mellitus, 

dyslipidemia, hypertension, peripheral vascular disease, 

carotid artery occlusion, and cardiovascular disease on the 

opposite side were correlated with ISR.1 The narrowing of 

the vascular lumen after arterial interventions is intimal 

hyperplasia and constrictive remodeling.9 ISR usually occurs 
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due to neointimal hyperplasia and vascular remodeling in the 

early postoperative period (e.g., within two years), and 

implanted foreign material and damage may cause recurrent 

atherosclerosis in the following periods. The pathogenesis of 

Early ISR (<6 weeks) and late ISR is different. This is rooted 

in the stent misplacement or other periprocedural 

complications.1 Some authors have suggested that early ISR 

may be associated with increased platelet aggregation.1,10  

The CAS procedure has an essential place in the daily 

practice of our interventional radiology department. Like 

many centers, DAPT [100–300 mg acetylsalicylic acid 

(ASA)+75 mg clopidogrel] is initiated before the CAS 

procedure. Treatment continues for up to 3 and 6 months, 

depending on bleeding and accompanying comorbid risk 

factors. This study investigated the relationship between ISR 

and DAPT duration in the two groups taking DAPT for 3 and 

6 months. 

 

Methods 

Patient selection 

This study was conducted by the Cukurova University 

Faculty of Medicine Interventional Radiology Department 

and approved by the local ethics committee. The data 

belonging to 298 patients with carotid artery stenosis 

between 2010 and 2016 by color Doppler ultrasonography 

(CDUS), magnetic resonance angiography (MRA), or digital 

subtraction angiography (DSA) diagnoses and who 

underwent CAS after admission to our clinic were analyzed 

retrospectively. Patient data were obtained from our 

hospital's automation system and the electronic recording 

system of the Interventional Radiology Department. A CAS 

procedure was performed asymptomatic cases with a high 

degree of carotid stenosis (70%) or symptomatic carotid 

stenosis (50%). Patients with recent myocardial infarction, 

severe congestive heart failure, serious pulmonary disease, 

prior neck radiation, contralateral vocal cord paralysis, 

tracheostomy, contralateral carotid artery occlusion or severe 

stenosis, recurrent stenosis after CEA have a high risk of 

surgical treatment. These patients were considered 

appropriate indications for CAS. Only patients who started 

receiving DAPT at least one week before the procedure and 

continued therapy for six months after the process was 

recruited for the study. 

All individuals who underwent a CAS operation and 

satisfied the inclusion criteria regardless of the stent type 

(open-cell stent, close cell stent, double stent) were included 

in the research population. Each patient was examined for 

antiplatelet resistance tests before the procedure. The 

treatment was continued in patients with aspirin resistance 

by increasing aspirin dose (from 100 mg to 300 mg). The 

procedure was continued by expanding the aspirin dose up 

to 500 mg in patients who still exhibited resistance to aspirin 

despite the second amount (these patients were excluded 

from the study, considering that they were distorting the data 

on aspirin's effectiveness). The treatment was also continued 

in patients with clopidogrel (75 mg) resistance by initiating 

2x250 mg ticlopidine. Only the patients using aspirin (100–

300 mg) and clopidogrel (75 mg) simultaneously were 

included in the samples. Ticlopidine (2X250 mg) was not 

recommended for the long-term treatment (maximum two 

months) due to its potential side effects (11). Therefore, the 

patients who continued to use it were excluded from the 

study. Clinical and radiological characteristics of patients, 

concomitant diseases, and risk factors for stroke were 

defined. The patients were clustered into two groups 

according to their treatment after the procedure. The first 

group included 100–300-mg aspirin + 75-mg clopidogrel 

patiens for two months and continued treatment with 100–

300-mg aspirin alone. The second group included patients 

who received 100–300 mg ASA + 75 mg clopidogrel for six 

months and ongoing treatment with 100–300 mg ASA alone. 

The stenosis of more than 50% in the stent was defined as 

ISR, including the in-stent thrombosis. 

Patient preparation 

Neurological was examined before the procedure for each 

patient. Coagulation tests (PT/aPTT, bleeding time) and 

renal function tests were evaluated. N-acetyl cysteine (3x300 

mg orally) was prescribed to patients with renal dysfunction 

before the procedure. Antiplatelet drug resistance was 

measured using Verify Now (Accumetrics, San Diego, CA, 

USA), and patients with ASA or clopidogrel resistance were 

excluded from the research population before the procedure. 

Stenting procedure 

Sedation and anesthesia were not applied to the patients. 

Heart rate, arterial blood pressure, and oxygen saturation 

were monitored. ACT (Activated clotting time) was 

measured at the beginning. Then, intravenous bolus heparin 

(5000 IU) was given to the patients, and the maintenance 

dose was given at 2–3 times the level of basal ACT (1000 IU 

per hour). The patient was laid on the angiography table in 

the supine position. According to femoral pulse strength, a 

local anesthetic was applied to the right or left inguinal 

region. A Seldinger needle was inserted into the femoral 

artery, followed by a 5F or 6F introducer. 

Diagnostic DSA was performed using 5F vertebral or 

Simmons II catheters. After assessing stenosis at the 

workstation, measurements were made with appropriate 

stents and filters. After diagnostic angiography, the catheter 

was retracted, and a 6 or 7 F long introducer was inserted. In 

cases where the filter could not be passed, pre-dilatation 

(with a balloon 2–3 mm in diameter) was performed before 

pre-occlusive stenosis. The protection filter was then 

inserted distally into stenosis. Pre-dilatation with a 2–3 mm 

balloon was applied to the lesion according to the degree of 

stenosis. The stents were then adequately implanted. The 

stent diameters were either equal to or greater than the 

diameter of the main carotid artery. The balloon dilatation 

after stenting was performed with 4–7 mm balloons in all 

lesions according to the stent opening degree. IV Atropine, 

0,5 mg, was administered before balloon dilatation or stent 

deployment as a precaution against bradycardia and 

hypotension during the procedure. Additional doses of 

atropine were administered when a more significant amount 

was necessary. After the first stent deployment, double stents 

were used in patients with filling defects on DSA. 

Follow-up 

After the procedure, the patients' femoral access was 

controlled by angiography and closed by a vascular closure 

device or direct compression (if there were contraindications 

such as stenosis or calcified plaque). The patients were kept 

under observation for 24 h in the clinic and immobilized for 

2–6 hours. A low dose of IV heparin, 500–750 IU/h, 
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Figure 1. Flow chart of study. CAS: Carotid artery stenting, ASA: Acetyl salicylic acid 

was adjusted to be administered 24 h. Neurological were 

examined immediately after the procedure and 24 h later. 

Carotid artery CDUS and cerebral diffusion MRI were 

performed on the first postoperative day. All patients 

underwent CDUS at one month and six months after 

stenting. DSA was performed to confirm the in-stent 

restenosis in all patients suspected of in-stent restenosis on 

CDUS 6 months after the CAS procedure. Diffusion MRI 

was performed on all patients. An increased blood flow rate 

up to double the average flow or more in the CDUS was a 

high risk of restenosis. The DSA determined and evaluated 

restenosis per the NASCET measurement technique. 

Statistical analysis 

All analyses were performed on SPSS v21. The groups were 

statistically evaluated for restenosis rates, patient 

characteristics, morbidity, and mortality rates. The 

Kolmogorov-Smirnov test was used for the normality tests. 

Data are given as mean ± standard deviation or median 

(minimum-maximum) for continuous variables regarding 

normality and frequency (percentage) for categorical 

variables. The normally distributed variable (age) was 

analyzed with a one-way analysis of variance (ANOVA). 

Non-normally distributed variables were analyzed with the 

Kruskal–Wallis test. The Bonferroni correction method was 

used for paired comparisons. Categorical variables were 

evaluated through the chi-square test. P<0.05 values were 

accepted as statistically significant results. 

 

Results 

The content consists of the data and information that have 

been collected. It should be written using Times New Roman 

10 with single space and each new paragraph indents in 3 pt. 

The finding systematically must be supported by charts, 

tables, figures or informative illustrations. 

The data belonging to the 298 CAS patients were detailed as 

follows, 25 subjects had aspirin, 24 subjects had clopidogrel 

resistance, and 42 had used ASA + ticlopidine (2X250 mg) 

for 1–2 months. These patients were excluded from the 

research population. Another 24 patients were excluded for 

various reasons, such as incomplete data and single 

antiaggregant usage. The remaining patients were 

categorized into two groups. Group 1 included 118 patients 

using ASA + clopidogrel for three months, and Group 2 

formed 65 patients using ASA + clopidogrel for six months 

after the CAS procedure. The most pre-procedural 

neurological symptoms of subjects were found as follows: 

hemiparesis/hemiplegia (%52), vertigo (%20), and 

dysphasia (%9), the remaining patients (%19) had different 

symptoms such as cortical blindness and ataxia. Groups 1 

and 2 were similar in age and sex (p=0.707 and p=0.428, 

respectively). Diabetes mellitus (DM), hypertension (HT), 

hyperlipidemia (HL), and smoking incidence, which are 

proven risk factors for carotid stenosis, were also similar in 

both treatment groups (p=0.491, p=0.878, p=0.789, and 

p=0.196, respectively). There were no significant differences 

between groups regarding stenosis location (right or left), 

degree of stenosis, and plaque type (p=0.622, p=0.290, and 

p=0.442, respectively). The groups' implanted stent types 

and the pre-operative MRI findings, such as the ischemic 

lesion side, were similar (p=0.448, p=0.360, respectively) 

(Table 1). 

Only one patient had a new ischemic focus in Group 1, while 

two patients in the Group 2 had a new ischemic focus at post-

procedural six months (p=0.207). However, there were no 

new ischemic foci on MRI at post-procedural 30 days.  

 

298 patients 
undergone CAS 

evaluated

Excluded patients

25 patients were 
excluded because 
of ASA resistance

24 patients were 
excluded because 

of clopidogrel 
resistance

24 patients were 
excluded because 
of other reasons 

such as incomplete 
data and 

antiaggragant 
usage

Included patients

183 patients

118 patients using 
ASA and clopidogrel 

for 3 months 
(Group 1)

65 patients using 
ASA and clopidogrel 

for 6 months 
(Group 2)
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Table 1. Group patients' characteristics and statistical analysis 

Variables Group 1 (n=118) Group 2 (n=65) p 

Age 67.70 ± 8.34 67.23 ± 7.36 0.707 

Gender    

Female 37 (31.36%) 16 (24.62%) 
0.428 

Male 81 (68.64%) 49 (75.38%) 

Diabetes Mellitus 55 (46.61%) 26 (41.27%) 0.491 

Hypertension 100 (85.47%) 56 (87.50%) 0.878 
Smokers 36 (48.00%) 33 (61.11%) 0.196 

Hyperlipidemia 28 (25.45%) 18 (28.57%) 0.789 

Plaque type    

Calcified 21 (17.80%) 17 (26.15%) 

0.442 
Ulcerated 12 (10.17%) 6 (9.23%) 
Fibroid 9 (7.63%) 7 (10.77%) 

Mixed 76 (64.41%) 35 (53.85%) 

Side of stenosis    

Right ICA 50 (42.37%) 30 (46.15%) 
0.622 

Left ICA 68 (57.63%) 35 (53.85%) 

Stenosis rates in DSA    

50 - 69% 28 (23.93%) 13 (20.00%) 

0.100 
70 - 79% 25 (21.37%) 12 (18.46%) 
80 - 89% 24 (20.51%) 6 (9.23%) 

90 - 95% 6 (5.13%) 3 (4.62%) 

Stent Types    

Pre-occlusion 34 (29.06%) 31 (47.69%) 

0.448 
Open-cell 23 (19.49%) 8 (12.31%) 

Closed-cell 20 (16.95%) 11 (16.92%) 
Double stenting 75 (63.56%) 46 (70.77%) 

Pre-procedural Lesion Side                       
Ipsilateral Ipsilateral 82 (69,49%) 

0.360 Contralateral Contralateral 5 (4,23%) 

Bilateral                                        Bilateral 31 (26.72%) 

Post-procedural Lesion (new ischemic focus) (MR) 

(post-procedural six months) 
1 (0.84%) 2 (3,07%) 0.207 

Procedure-related mortality 0 (0%) 0 (0%) 0.308 

Six months after CAS procedure (USG/DSA)    

Patent Stent 66 (57.39%) 38 (62.3%) 

0.451 

İntimal Hyperplasia 44 (38.26%) 19 (31.15%) 

>50%-70% stenosis 3 (0.00%) 1 (1.64%) 
>70% stenosis 5 (4.35%) 3 (4.92%) 

Occlusion 1 (1.00%) 1 (1.00%) 

Restenosis 9 (7.63%) 5 (7.69%) 1.000 

N=number, USG; ultrasonography, MR; magnetic resonance, CAS; carotid artery stenting, DSA; digital subtraction angiography, ICA; 

internal carotid artery 

Only two suffered from major ischemic complications (one 

from each group, one right MCA and one left MCA 

infarction). One of these patients had been treated with 

pharmacological therapy, while the other required 

mechanical thrombectomy as both experienced regressions 

of symptoms. None of the patients receiving DAPT had 

cerebral bleeding during the follow-up period.  

One patient from each group suffered from gastrointestinal 

bleeding that was deemed a complication of antiplatelet 

treatments. There was no significant difference between the 

two groups in restenosis (p=1.000) (Table 1). Nine patients 

(7.63%) in Group 1 and five patients (7.69%) in Group 2 had 

ISR during six months of follow-up. None of the patients 

developed stent thrombosis.   

 

Discussion 

The absence of a significant difference between the short and 

long-term DAPT groups in terms of ISR development is the 

most noteworthy finding of this study.   

Furthermore, the frequency of ischemic events and 

treatment-related complications has been similar in both 

groups. Considering these findings, short and long-term 

DAPTs seem to have similar efficacy in preventing 

restenosis in CAS patients. 

The use of aspirin plus clopidogrel has become a mainstay in 

preventing ISR after CAS. However, the DAPT use is not 

superior to monotherapy (MAPT) as it is propounded in 

some studies in the literature. The DAPT and MAPT groups 

were compared with patients with CAS in a meta-analysis. 

No significant difference was found between the groups 

regarding restenosis and bleeding rates. However, the DAPT 

has been more effective in reducing adverse cerebrovascular 

outcomes in patients with CAS. This meta-analysis included 

two studies, and the follow-up period in both studies was 30 

days. Thus, only the information about the short-term 

outcomes was provided.12,13 Bhatt et al.14 found that DAPT 

with aspirin + clopidogrel helped lower the ischemic event 

rates. This study faced no in-stent thrombosis cases. The risk 

of bleeding was also not increased. Other studies on the 

DAPT in patients undergoing CAS support these findings. 

These studies showed that restenosis rates decreased without 
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risking patients bleeding.15 The use of aspirin and 

clopidogrel combination in CAS has become widespread 

based on the evidence revealed due to coronary artery 

interventions. Although the DAPT is recommended after a 

CAS procedure in many centers worldwide, there is no 

consensus on treatment duration.16,17 

There is no consensus on the correlation between stent types 

and ISR. The most fundamental problem in ISR is intimal 

hyperplasia.18 However, moderate to mild restenosis is lower 

in open-cell stents than in closed-cell stents in previous 

studies.19 Nevertheless, there was no difference between the 

open-cell stent and the closed-cell stent in severe ISR.19 The 

timing and etiology of ISR varied. Several scholars stated 

that residual stenosis was an increased risk factor for early 

restenosis.20 Others asserted that the residual stenosis 

increased the risk during the long period after the CAS 

procedures.21 Intimal hyperplasia occurs within 18 months 

and is usually asymptomatic. The late restenosis (>18 

months) often occurs due to atherosclerosis and is more 

likely to be symptomatic.20 Many pharmacological agents 

were tested in experimental studies to prevent neointimal 

hyperplasia that causes post-CAS ISR. However, no 

definitive results were reached.22 Kadoglou et al. 22 showed 

that the use of ticagrelor and clopidogrel had similar effects 

on ISR prevention. The effects of these agents on neointimal 

hyperplasia and ISR in rabbits undergoing CAS procedure 

could not be demonstrated. However, they discovered that 

ticagrelor was more effective on intra-stent thrombosis.22 

Another attempt proved no difference in ISR between the 

cilostazol group after the CAS procedure and the patients 

who underwent the standard procedure.23 It was also stated 

that statins affected the regulation of carotid neointimal 

hyperplasia.22,24 Some authors have argued that valsartan can 

prevent neointimal hyperplasia after a CAS procedure by 

suppressing endothelial cell damage.25 Studies on post-CAS 

restenosis in plaque morphologies have shown that highly 

calcified carotid plaques are more susceptible to developing 

ISR.26 Furthermore, cases of ISRs due to plaque protrusion 

have been reported.27 Plaque protrusions can cause rare acute 

stent thrombosis or subacute ISR.27,28 The double stent 

technique or double-layer stents can prevent plaque 

protrusion.28,29 The recruits, CAS patients, did not routinely 

start statins in this study. The use of statin group drugs and 

valsartan was omitted in this attempt. Moreover, all the stents 

(open cell, closed cell, double stents) used in the CAS 

procedures were included. However, there is a similar 

distribution in both groups using short and long-term 

antiplatelets, and there is no statistically significant 

difference regarding the stent type (p=0,448). Besides, there 

was no difference in plaque morphology (p=0,442). None of 

the patients had residual stenosis in this study. Moreover, the 

double stent technique was used in most patients to prevent 

plaque protrusion in both groups (63.56% vs. 70.77%).  

DAPT given to patients is mainly to prevent ISR. However, 

insufficient evidence comparing periprocedural and 

postprocedural antiplatelet therapy leads to inconsistent 

guidelines.17 ASA recommends using DAPT 

(clopidogrel/ticlopidine + aspirin) after CAS procedures for 

at least 30 days after the specialists' positive experiences.17,30 

European Society for Vascular Surgery guideline 

recommends using aspirin and clopidogrel for at least 30 

days unless the treating specialist prefers an alternative long-

term treatment regimen.17,31 Society for Vascular Surgery 

recommends using aspirin and clopidogrel for precisely 30 

days after the procedure and then continued treatment with 

aspirin alone.17,32 In a study examining the practices of 

multiple centers in the USA, aspirin (81 mg/325 mg) and 

clopidogrel (75 mg) treatment were reported to be applied 

for three months in 44% of the centers and six months in 26% 

whereas 30% of the centers use different treatment 

regimens.33 Another comprehensive, nationwide study in 

Taiwan. The groups receiving DAPT for three and six 

months after CAS procedures were compared. Aspirin and 

clopidogrel for more than four to 6 weeks did not protect 

against ischemic stroke and vascular events. No difference 

was reported in terms of restenosis.3 The effectiveness and 

complication rates of short and long-term DAPT use in 

restenosis prevention were similar in this study. There was 

no major ischemic stroke or intracerebral hemorrhage, and 

there was only one patient who developed treatment-related 

gastrointestinal bleeding in the sample groups.  

Contemporary scholars reported various factors associated 

with restenosis after CAS procedures. It was correlated with 

advanced age, female sex, smoking, diabetes mellitus, 

dyslipidemia, hypertension, peripheral vascular disease, 

carotid artery occlusion, and cardiovascular disease on the 

opposite side.1 There was no difference between the groups 

who received aspirin + clopidogrel treatment for two months 

and the group who received treatment for six months in terms 

of hypertension, diabetes mellitus and hyperlipidemia. 

Therefore, it was determined that similar restenosis rates 

between groups were not associated with any possible 

independent factors.  

It is also thought that resistance to antiplatelet therapy is a 

significant problem that may affect the frequency of 

restenosis and thrombosis. Many case reports present 

patients with resistance to antiplatelet therapy.34 Before 

CAS, regular antiplatelet resistance testing is not regularly 

recommended in the guidelines.35 Nevertheless, the 

antiplatelet resistance is routinely tested before the CAS 

procedure in the study center. Moreover, this study has 

excluded the patients with resistance to antiplatelets, and 

therefore, the results were not distorted by this problem. It is 

argued that reminding physicians and researchers that 

antiplatelet resistance contributes to thrombosis and 

restenosis during and after CAS procedures is essential.  

The study's retrospective design, which might cause bias and 

constraints regarding data evaluation, is a limitation. 

However, strict inclusion and exclusion criteria exclude 

antiplatelet-resistant patients, and both groups with similar 

essential characteristics at the beginning were a considerable 

advantage. The findings revealed no difference between the 

groups regarding the restenosis rate. Treatment-related 

complications of patients were also similar. Despite these 

findings, there is a need for further prospective studies with 

strict inclusion/exclusion criteria to determine the DAPT 

duration. 

The efficacy of 3-month and 6-month DAPT in CAS 

procedures was similar in terms of restenosis frequency, and 

there was no difference in complications. Further studies 

with prospective design must confirm these results and 

determine the necessary length of DAPT in CAS application
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Conclusion 

This study revealed that the efficacy of 3-month and 6-month 

DAPT is similar regarding the restenosis frequency, and 

there are no significant differences in complication 

frequency. 
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