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Summary 

Objective: In recent years, carotid artery angioplasty and stenting (CAS) has been considered as an alternative to 

carotid endarterectomy (CEA), due to new antiplatelet agents and advances in endovascular therapy. Studies 

comparing CAS and CEA have shown that CAS is an effective and safe treatment method. In this research it was 

aimed to elucidate the benefits od CAS and positive outcomes of the cases. 

Material and Methods: A total of 52 patients, 12 women (23%) and 40 men (77%) with transient ischemic 

attack, stroke, dizziness, imbalance, hemiplegia, tinnitus, and neck murmur, who were diagnozed carotid artery 

stenosis were included in the study. A total of 56 stent placement procedures were applied to 52 patients. All 

procedures were performed under local anesthesia and the patient was monitored. The main femoral artery was 

catheterized with Seldinger method, the initial ACT value was measured with before starting the procedure. 

Then, 5.000 IU heparin was given as a bolus and control ACT values were set to be between 250IU – 300IU. 

Results: The degree of stenosis in DSA was over 70% in 30 cases (53.5%), and symptomatically 50% and above 

in 26 cases (44.6%) before the stent application. Endovascular treatment was applied to 56 carotid artery lesions 

(4 patients bilaterally, 1 patient after restenosis balloon angioplasty) in 52 patients included in the study. 

Angiographic success was defined as a residual stenosis of less than 30% in diameter after stenting. Technical 

success in stenting was achieved as 100%. Ipsilateral ICA occlusion constituted 5.7% of the patient population in 

our series.  

Conclusion: Regarding the results of this study one can conclude that carotid artery stending is a safe and 

effective alternative to carotid endarterektomy in convenient cases. Additionally, administration of local 

anesthesia with a less invasive procedure also contributed to shorter hospitalisation and increased quality of life 

fort he patients. 

Key words: Carotid artery stenting, carotid endarterectomy, digital subtraction angiography, internal carotid 

artery, stroke 

 

Özet 

Amaç: Son yıllarda, yeni antiplatelet ajanlar ve endovasküler tedavideki gelişmeler nedeniyle karotis arter 

anjiyoplastisi ve stentleme (CAS), karotis endarterektomiye (CEA) bir alternatif olarak düşünülmüştür. CAS ve 

CEA'yı karşılaştıran çalışmalar, CAS'ın etkili ve güvenli bir tedavi yöntemi olduğunu göstermiştir. Bu 

araştırmada, CAS'ın faydaları ve vakalardaki olumlu sonuçların açıklanması amaçlanmıştır. 

Gereç ve Yöntem: Geçici iskemik atak, inme, baş dönmesi, dengesizlik, hemipleji, kulak çınlaması ve boyun 

üfürümü olan ve karotis arter stenozu tanısı konulan 12 kadın (%23) ve 40 erkek (%77) olmak üzere toplam 52 

hasta çalışmaya dahil edildi. 52 hastaya toplam 56 stent yerleştirme prosedürü uygulandı. Tüm prosedürler lokal 

anestezi altında gerçekleştirildi ve hasta monitörize edildi. Ana femoral arter Seldinger yöntemi ile kateterize 

edildi, işleme başlamadan önce ilk ACT değeri ölçüldü. Daha sonra bolus olarak 5.000 IU heparin verildi ve 

kontrol ACT değerleri 250IU – 300IU arasında olacak şekilde ayarlandı. 

Bulgular: Stent uygulamasından önce DSA'daki stenoz derecesi 30 olguda (%53,5) %70'in üzerinde, 

semptomatik olarak 26 olguda (%44,6) ise %50 ve üzerindeydi. Çalışmaya dahil edilen 52 hastada 56 karotis 

arter lezyonuna (4 hasta bilateral, 1 hasta restenoz balon anjiyoplasti sonrası) endovasküler tedavi uygulandı. 

Anjiyografik başarı, stentlemeden sonra çapı %30'dan az kalan rezidüel stenoz olarak tanımlandı. Stentlemede 

teknik başarı %100 olarak elde edildi. Hasta popülasyonunun %5,7'sinin ipsilateral ICA oklüzyonu vardı. 

Tartışma: Bu çalışmanın sonuçlarına bakıldığında, karotis arter stentlemesinin uygun vakalarda karotis 

endarterektomisine güvenli ve etkili bir alternatif olduğu sonucuna varılabilir. Ek olarak, daha az invaziv bir 
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prosedürle lokal anestezi uygulanması da daha kısa hastanede kalış süresine ve hastaların yaşam kalitesinin 

artmasına katkıda bulunmuştur. 

Anahtar kelimeler: Karotis arter stentleme, karotis endarterektomi, dijital subtraksiyon anjiyografisi, iç karotis 

arteri, inme 
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Introduction 

 
Carotid artery diseases are diagnosed more 

frequently due to the increase in the average life 

expectancy of the general population and the 

easy accessibility of imaging methods. Stroke is 

the most common cause of bedridden patients 

and is the third leading cause of death. 

Approximately, 80% of strokes are ischemic, 

and the etiology is extracranial carotid artery 

stenosis in 1/3 of the cases (1,2). 

 

Many studies have proven the benefits of carotid 

endarterectomy (CEA), a method that has been 

used in selected patients for almost 60 years (3). 

In recent years, carotid artery angioplasty and 

stenting (CAS) has been considered as an 

alternative to CEA, due to new antiplatelet 

agents and advances in endovascular therapy. 

Studies comparing CAS and CEA have shown 

that CAS is an effective and safe treatment 

method (4,5). 

 

Carotid artery stenosis is one of the common 

causes of stroke and is estimated to be 

responsible for approximately 20-25% of all 

ischemic events (6,7,8). Asymptomatic carotid 

artery stenosis over 50% is observed 2-8% in the 

population (6). Carotid artery stenosis is higher 

among patients with heart disease (18.2%), and 

this rate is even higher (22,1%) in the presence 

of heart disease and hypertension (9). 

 

Carotid artery stenosis may be asymptomatic or 

may lead to stroke. Up to 60% of the carotid 

arterial stenosis can be detected in the doppler 

ultrasonography examination (10). Risk of 

stroke due to carotid artery stenosis depends on 

the degree of stenosis and the structural feature 

of the lesion. Symptomatic patients are defined 

as patients with a history of stroke or transient 

ischemic attack in the past 6 months (6). 

Symptomatic patients are at risk of stroke much 

higher than asymptomatic. Ipsilateral stroke in 

carotid disease typically results from distal 

embolism from ulcerated plaque, hemodynamic 
changes caused by occlusion or preocclusive 

stenosis, or a combination of these two 

mechanisms (11). The degree of stenosis, the 

hemodynamic changes caused by stenosis in the 

distal bed and the morphology of the 

atherosclerotic plaque (whether or not ulceration 

or intra-plaque bleeding) plays an important role 

in the treatment decision of stenosis. 

 

The management of carotid artery stenosis may 

vary from patient to patient. Carotid artery stenosis 

can be treated by medical therapy, open surgery or 

revascularization with endovascular method, or can 

be followed-up only. Revascularization with 

carotid endartercteomy (CEA) is the accepted 

conventional treatment for symptomatic carotid 

artery stenosis. However, besides the patient-

related factors such as comorbidity or inappropriate 

neck anatomy, a paradigm shift has occurred in the 

treatment of carotid artery stenosis recently with 

the development of neuro-interventional materials, 

techniques and experiences. Revascularization with 

endovascular method can be achieved with 

angioplasty or stenting. Angioplasty alone has 

some disadvantages because the rate of restenosis 

is higher than CEA (12). However, the majority of 

patients who develop restenosis remain 

asymptomatic. Dissection risk, elastic recoil of the 

artery, and distal embolization are other 

disadvantages. Carotid artery stenting (CAS) 

reduces the incidence of dissection, vascular recoil, 

and distal embolization (6). Today, endovascular 

carotid stenosis treatment is performed in selected 

suitable patients with the combination of stenting 

and angioplasty (7,12). 

 

In parallel with technological developments, 

balloon angioplasty and stenting have emerged as 

an alternative to carotid endarterectomy. Studies 

conducted in recent years, have reported that 

endovascular therapy is equivalent to or even 

superior to CEA (13). While prophylactic 

treatment with anti-aggregant drugs was used for 

many years, the risk of ischemic stroke in 

symptomatic has been reduced by 65% and 83% 

via CEA in NASCET and ECST respectively. 

 

The aim of this study was to elucidate the results 

of the patients we treated with CAS and to 

evaluate the treatment outcomes and possible 
complications with regard to the existing studies 

on this subject. 
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Material and Method 

 
The patients included in this study applied to the 

Neurology Outpatient Clinic of Mersin 

University Faculty of Medicine with reasons 

such as TIA, stroke, dizziness, imbalance, 

hemiplegia, tinnitus, and neck murmur, and 

were referred to the radiology department with 

the suspicion of CAS as a result of their 

examinations or during the imaging procedure 

performed for other reasons. All individuals 

were diagnozed with hey were patients with 

carotid artery stenosis. 

 

A total of 52 patients, 12 women (23%) and 40 

men (77%), were included in the study. A total 

of 56 stent placement procedures were applied 

to 52 patients. The ethics committee approval 

has been granted and the study complied with 

the Declaration of Helsinki and informed 

consent has been obtained from all participants. 

 

All procedures were performed under local 

anesthesia and the patient was monitored. The 

main femoral artery was catheterized with 

Seldinger method, the initial ACT value was 

measured with before starting the procedure. 

Then, 5.000 IU heparin was given as a bolus and 

control ACT values were set to be between 250-

300. 

 

Heparin infusion was continued for 24 hours 

after the procedure. Distal protection device was 

used in all procedures. The protection umbrella 

used in most of the cases in our series was 

FilterWire EZ (Boston Scientific), and a small 

number of Spider FX (ev3) and Emboshield 

(Abbott) were used. The filter was placed, 

predilatation was performed with balloons of 2,5 

– 4 mm in diameter in cases to procced the stent. 

A final evaluation was conducted on the 

localization of the stent by injecting an opaque 

material through the guide catheter. The stent 

was passed through the guide catheter and the 

segment planned to be stented was entered. 

Having reached definitive localization, the stent 

was opened. In our series, most of the carotid 

stents were Wallstent (Boston Scientific; 

Galway, Ireland) and few Xact (Abbott), 

Protege (ev3) self-expandable stents were used. 

Control DSA (Digital Subtraction Angiography) 

was performed by removing the delivery 

catheter of the stent. The position of the stent 
and its degree of opening were determined. 

 

In transverse views, the intra-stent lumen diameter 

was measured using three different window 

settings. Initially used values were 500 HU 

window width and 200 HU window level, used as 

standard for CT angiography. The second 

parameters used were window setting, which 

included a window width of 1500 HU and a 

window level of 400 HU. Third was the window 

setting, with a window width of 1500 HU and a 

window level of 1500 HU, in which the stent and 

the patient's bony cortex could be selected. In all 

patients, there was a well-defined boundary 

between the contrast-filled lumen and the stent 

with a higher attenuation than the lumen and 

surrounding the contrast. We made all our 

measurements at this level, as this limit was most 

clearly and best observed in the window with a 

window level of 1500 HU. 

 

Inclusion criteria 
 Presence of DSA data on extra-cranial 

carotid artery stenosis before stenting, 

 The stent was applied to the extracranial 

ACA and/or ICA branch, 

 The stent was applied in our institution, 

 The control data in 1–6–12 months was 

available,  

 Individuals who used their medication 

regularly. 

 

Exclusion criteria 
 Stents applied outside our institution, 

 Imaging data in another hospital, 

 Those who took their medication irregularly, 

 Patients who underwent stenting in the main 

carotid artery and/or internal carotid arteries 

for reasons such as dissection, aneurysm 

other than stenosis. 

 

Results 

 
A total of 52 patients, 12 women (23%) and 40 

men (77%), were included in the study. A total 

of 56 stent placement procedures were applied 

to 52 patients. The ages of the cases ranged from 

48 to 91 years, with a mean age of 68,25 years. 

There were 9 patients (17.3%) over the age of 

79, and 43 patients (82.7%) aged 79 and under. 

HT was detected in 34 patients (65.3%), DM in 

15 patients (28.8%), dyslipidemia in 27 patients 

(51.9%), and 36 patients (69.2%) were smokers.  

 

Before the stent application, the degree of 
stenosis in DSA was over 70% in 30 cases 

(53.5%), and symptomatically 50% and above in  
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26 cases (44.6%). Only 1 patient (1.92%) had 

undergone CEA operation before the procedure. 

 

Endovascular treatment was applied to 56 

carotid artery lesions (4 patients bilaterally, 1 

patient after restenosis balloon angioplasty) in 

52 patients included in the study. Stenting 

procedures for contralateral ICA (internal 

carotid artery) stenosis of 4 patients were 

performed in different sessions. Angiographic 

success was defined as a residual stenosis of less 

than 30% in diameter after stenting. Technical 

success in stenting was achieved as 100%. In 

cases where sinosal arrest and transient 

bradycardia developed during the post-dilatation 

procedure, normal rhythm was maintained by 

administering atropine. There was no 

hemodynamic change that caused significant 

distress in any of the cases. Ipsilateral ICA 

occlusion was detected in three patients. This 

constituted 5.7% of the patient population in our 

series. Stent occlusion was detected in two 

patients at the 1st and 6th months after treatment, 

and no neurological finding developed in these 

patients. Both patients had DM patients and one 

of them continued to smoke after the procedure. 

 
Figure 1. 60% stenosis at the left ICA bulbus level 

in the upper left. The lumen was observed to be 

open in the control after the stent in the upper 

right. At the bottom, lumen open is observed in 

MIP, axial CT and volume rendering images in the 

1st month CT control. 

 

 

Figure 2. Upper left right ICA bulbus and 70% 

stenosis at cervical level. 

 

 
 

The lumen was observed to be open in the control 

after the stent in the upper right. At the bottom, in 

the 12th month CTA control, lumen open is 

observed in MIP, axial CT and volume rendering 

images. 

 
Figure 3: Upper left right ICA bulbus and 70% 

stenosis at cervical level. 
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The lumen was observed to be open in the 

control after the stent in the upper right. At the 

bottom, in the 12th month CTA control, lumen 

open is observed in MIP, axial CT and volume 

rendering images. 

 

Discussion 

 
Stroke ranks fourth among the causes of death 

and is one of the leading factors of long-term 

disability (15). Carotid artery stenosis is the cause 

of approximately 25% of ischemic strokes (16). 

Previously, carotid artery endarterectomy with 

medical treatment was the main treatment option, 

but nowadays, due to technological 

developments, carotid artery stenting has been 

used with increasing frequency (17). In fact, in 

current studies using a distal embolism protective 

device, it has been shown that CAS treatment is 

as much protective as CAE in recurrent ischemic 

stroke and the complication rate is similar or even 

lower (18, 19). 

 

Many studies have shown that the carotid 

interventional method, in other words stenting, 

carries risks similar to surgery. As a result of the 

examination of 11243 patients from American 

records, the stroke and death rate was 4.7%. In 

addition, it has been shown that the 

complication rates in interventions that do not 

use any of the aforementioned protection 

systems were significantly higher than those in 

which the protection system was used (6.2% 

unprotected, 2.8% protected) (20). Another 

German-based study; Pro-CAS (Prospective 

Registry of Carotid Angioplasty and Stenting) 

revealed the risk of stroke and death as 2.4% in 

asymptomatic patients and 3.1% in symptomatic 

patients as a result of 3.853 interventions (21). 

In the ELOCAS (European Long-Term Carotid 

Artery Stenting Study) study, the recurrence rate 

of a milder stenosis within 5 years was shown as 

3.4% (22). 

 

New pharmacological and technological 

developments increase the applicability of CAS. 

CREST, SAPPHIRE, and EVA-3S are 

multicenter, randomized controlled trials to 

determine the better treatment option between 

CAS and CEA in symptomatic and 

asymptomatic patients (23,24,25). Until 

recently, no significant difference was found 

between CAS and CEA in CREST, which had 

the lowest risk among randomized controlled 

trials (mortality, stroke, and 30-day MI 

development), (7.2% and 6.8%, respectively) 

(24). 

 

The four-year stroke/death rates for all patients 

were 6.4% for CAS and 4.7% for CEA (p=0.03). 

After the intervention period, the incidence of 

stroke was also low in both treatment branches 

(2% vs. 2.4%). In CREST study, patients younger 

than 70 years benefited from CAS, while CEA 

was more beneficial in patients over 70 years of 

age. These findings showed that increased 

vascular calcification is more risky for the CAS 

procedure. In the CREST study, the proportion of 

symptomatic patients was 52%, and 42% of the 

patients had a previous history of cardiovascular 

disease (24).   

 

CAS is an alternative to CEA in symptomatic 

patients (Class I, evidence level B) with medium 

to low risk for endovascular intervention. The 

more experienced the operator and the center 

performing the procedure, the lower the rate of 

CAS complications. According to the guidelines, 

the complication rate of the center performing the 

procedure should be less than 6% in symptomatic 

patients and less than 3% in asymptomatic 

patients (26,27,28). CEA can be performed in 

asymptomatic patients with >70% stenosis of the 

internal carotid artery if the perioperative risk of 

stroke, MI, and death is low (Class IIa, Level of 

Evidence A) (28). CEA may be preferred over 

CAS in elderly patients with inconvenient arterial 

anatomy for endovascular intervention such as 

insufficient neck anatomy for surgery (proximal-

distal stenosis, previous CEA in the same vessel, 

opposite vocal cord paralysis, open tracheostomy, 

radical surgery, radiation) (29). Due to the high 

rate of distal embolization observed during carotid 

artery stenting, many cerebral protective systems 

have been developed to capture and remove 

atheroma debris released during percutaneous 

intervention in the carotid arteries. 

 

One of the problems encountered in stent 

treatment is is the development of re-stenosis. 

Stent placement on the vessel wall activates 

vascular smooth muscle cells and endothelial 

cells, initiating the inflammatory and proliferative 

phase of the wall repair process (30). Re-stenosis 

develops in stents due to intimal hyperplasia. The 

result is ipsilateral cerebral ischemia. In the study 

of Schillinger et al., 12 patients with stenosis 

between 50% and 60% remained asymptomatic in 
the first 6 months after stent treatment, while 2 

out of 3 patients with stenosis of 70% or more had 



Smyrna Tıp Dergisi - 6 – 

 
 a stroke (31). Therefore, it can be thought that 

70% stenosis rate in the stent lumen for 

restenosis may be more clinically significant 

(32). Antiaggregant and anticoagulant therapy 

after endovascular therapy is vital for stent 

patency. Although the application of CEA in 

cases with contralateral ICA occlusion has a 

high risk of complications,  we have applied 

CAS in these cases and our results was clearly 

successful. Re-stenosis rates after CAS were 6% 

at 1st month, 6% at 6th month, 8% at 12th month, 

and no significant difference was found between 

previous studies on CAS in the literature. End-

stent stenosis was not observed in any of our 

cases, but smooth muscle cell proliferation and 

myointimal hyperplasia appeared to be the main 

reason for the re-stenosis rates in our research. 

 

There are various opinions about medical 

treatment, the protocol we applied 

(acetylsalicylic acid and clopidogrel treatment) 

is one of the most recommended schemes in the 

literature (33). 

 

In the review of Gröschel et al. investigating the 

rates of re-stenosis after CAS, including 34 

studies, with an average of 13 months (6-31 

months), 50% stenosis rate was 6% at 1 year, 

7.5% at 2 years and the rate of >70% stenosis 

was found to be 4% (34). In our cases with re-

stenosis and occlusion after CAS, diabetes 

emerged as a common risk. Ipsilateral stroke 

was rarely observed for CAS and CEA. 

Symptomatic status and gender did not differ 

significantly on treatment difference. While the 

results in CAS were better in young patients, 

CEA was evaluated as better in elderly patients. 

 

The recommendations of the American Stroke 

Association's (2021) vary according to stenosis 

severity and vascular risk factors (35). CAS is an 

alternative to CEA in patients with a low/average 

complication rate with CAS diagnosed with 

stenosis >70% by symptomatic, noninvasive 

methods or >50% by digital substrate angiography 

(DSA) (category 1, evidence B). However, for this 

group, CEA was defined as category 1, evidence 

A. The National Institute for Health and Clinical 

excellence (NICE) guideline supports the use of 

stent in symptomatic carotid artery stenosis, while 

citing a lack of evidence, saying that CAS should 

only be used in asymptomatic patients in special 

circumstances (36). The most recently published 
guideline, the European Society for Vascular 

Surgery, states that CAS can be used as an 

alternative to CEA in patients with a high surgical 

risk and/or periprocedural risk of stroke/death <6% 

(37). 

 

CAS performed under local anesthesia 

significantly reduced the hospital stay of the 

patients, and local complications such as nerve 

injury, pseudoaneurysm, and inguinal hematoma, 

which occur in CEA and prolong the hospital stay, 

were not observed in any of our cases. 

 

In cases where sinosal arrest and transient 

bradycardia developed during the post-dilatation 

procedure, atropine was administered to maintain 

normal rhythm, and no hemodynamic changes 

that caused significant distress were detected in 

any of the cases. Being awake during the 

procedure is an important advantage over CEA in 

that it enables us to easily monitor the 

neurological status during the procedure. CAS has 

ceased to be an alternative treatment method for 

CAD and has become the main treatment 

modality in many cases. 

 

Conclusion 

 
Regarding the results of this study one can 

conclude that carotid artery stending is a safe and 

effective alternative to carotid endarterektomy in 

convenient cases. Additionally, administration of 

local anesthesia with a less invasive procedure 

also contributed to shorter hospitalisation and 

increased quality of life fort he patients. 

 
Funding 
There is no specific funding related to this 

research. 

 

Editorial Support 
QA Executive Consultancy has conducted the 

editorial support of this article, Ozan Batigun MD, 

MBA, in 2022. 

www.QAexeutiveconsultancy.com   

 

Competing interests 
The authors declare that they have no competing 

interests. 

 

Ethical Declaration 
The ethics committee approval has been granted 

and the study complied with the Declaration of 

Helsinki and informed consent has been obtained 

from all participants. 

 



Smyrna Tıp Dergisi - 7 – 

 

References 

 
1. Aydıner O, Boztosun B, Sirvanci M, 

Akçakoyun M, Karaman K, Aksoy T, et al. 

Early and late outcomes of carotid artery 

stenting. Anadolu Kardiyol Derg 2007;7:152-

7. 

2. Moresoli P, Habib B, Reynier P, Secrest MH, 

Eisenberg MJ, Filion KB. Carotid stenting 

versus endarterectomy for asymptomatic 

carotid artery stenosis: a systematic review 

and meta-analysis. Stroke 2017;48:2150-7.  

3. Meschia JF, Brott TG, Hobson RW. Diagnosis 

and invasive management of carotid 

atherosclerotic stenosis. Mayo Clin Proc 2007; 

82:851-8. 

4. Brott TG, Hobson RW II, Howard G, Roubin 

GS, Clark WM, Brooks W, et al; CREST 

Investigators. Stenting versus endarterectomy 

for treatment of carotid-artery stenosis 

(CREST). N Engl J Med 2010;363:11-23. 

Erratum in: N Engl J Med 2010;363:498. N 

Engl J Med 2010;363:198. 

5. Li Y, Yang JJ, Zhu SH, Xu B, Wang L. Long-

term efficacy and safety of carotid artery 

stenting versus endarterectomy: A meta-

analysis of randomized controlled trials. PLoS 

One 2017;12:e0180804. 

6. Cullen SP, Higashida RT. Endovascular 

treatment of extracranial carotid artery 

stenosis: update on carotid angioplasty and 

stenting. Neuroimaging Clin N Am 

2005;15:383-95. 

7. Saw J. Carotid artery stenting for stroke 

prevention. Can J Cardiol 2014;30:22-34. 

8. Bonati LH, Lyrer P, Ederle J, Featherstone R, 

Brown MM. Percutaneous transluminal 

balloonangioplasty andstentingfor 

carotidartery stenosis. Cochrane Database Syst 

Rev 2012;9: CD000515. 

9. Eslami MH, McPhee JT, Simons JP, Schanzer 

A, Messina LM. Nationaltrends in utilization 

and postprocedure outcomes for carotid 

arteryrevascularization 2005 to 2007. J Vasc 

Surg 2011;53:307-15.  

10. Eastcott H, Pickering G, Rob C. 

Reconstruction of internal carotid arteryin a 

patient with intermittent attacks of hemiplegia. 

Lancet 1954;267:994-6.  

11. Inzitari D, Eliasziw M, Gates P, Sharpe BL, 

Chan RK, Meldrum HE, et al. The causes 

andrisk of stroke in patients with 

asymptomatic internalcarotid-artery stenosis. 

N Engl J Med 2000;342:1693-700.  

12. Higashida RT, Meyers PM, Phatouros CC, 

Connors JJ 3rd, Barr JD, Sacks D; Technology 

Assessment Committees of the American 

Society of Interventional and Therapeutic 

Neuroradiology and the Society of Interventional 

Radiology. Reporting standards for carotid artery 

angioplasty and stent placement. J Vasc Interv 

Radiol 2004; 15:421-2. 

13. Spiliopoulos S, Vasiniotis Kamarinos N, Reppas L, 

Palialexis K, Brountzos E. Carotid artery stenting: 

an update. Curr Opin Cardiol 2019;34: 616-20. 

14. Endovascular versus surgical treatment in patients 

with carotid stenosis in the Carotid and Vertebral 

Artery Transluminal Angioplasty Study 

(CAVATAS): a randomised trial. Lancet 2001; 

357:1729-37. 

15. Miniño AM, Murphy SL, Xu J, Kochanek KD. 

Deaths: final data for 2008. Natl Vital Stat Rep 

2011;59:1-126 

16. Roger VL, Go AS, Lloyd-Jones DM, et al. American 

Heart Association Statistics Committee and Stroke 

Statistics Subcommittee. Heart disease and stroke 

statistics-2012 update: A report from the American 

Heart Association. Circulation 2012;125:2-220. 

17. Dumont TM, Rughani AI. National trends in carotid 

artery revascularization surgery. J Neurosurg 

2012;116:1251-7. 

18. Brott TG, Hobson RW, Howard G, et al. Stenting vs 

endarterectomy for treatment of carotid-artery 

stenosis. N Engl J Med 2010;363:11-23. 

19. Gurm HS, Yadav JS, Fayad P, et al. Long-term 

results of carotid stenting versus endarterectomy in 

high-risk patients. N Engl J Med 2008;358:1572-9. 

20. Wholey MH, AL-Mubarak N, Wholey MH. Update 

review of the global carotid artery stent registry. 

Catheter Cariovascular Interv 2003;60: 259-66. 

21. Theiss W, Hermanek P, Mathias K et al. Pro-CAS: a 

prospective registry of carotid angioplasty and 

stenting. Stroke 2004;35:2134-9. 

22. Bosiers M, Peeters P, Delosse K et al. Does carotid 

artery stenting work on the long run: 5-years result in 

high – volume centers (ELOCAS-Registry). J 

Cardiovasc Surg (Torino) 2005;46:241-7. 

23. Phatouros CC, Higashida RT, Malek AM, Meyers 

PM, Lempert TE, Dowd CF, et al. Carotid artery 

stent placement for atherosclerotic disease: rationale, 

technique, and current status. Radiology 

2000;217:26-41. 

24. Sheffet AJ, Roubin G, Howard G, Howard V, Moore 

W, Meschia JF, et al. Design of the carotid 

revascularization endarterectomy vs. stenting trial 

(CREST). Int J Stroke 2010;5:40-6. 

25. Gurm HS, Yadav JS, Fayad P, Katzen BT, Mishkel 

GJ, Bajwa TK, et al; SAPPHIRE Investigators. 

Longterm results of carotid stenting versus 

endarterectomy in high-risk patients. N Engl J Med 

2008;358:1572-9. 

26. Mas JL, Trinquart L, Leys D, Albucher JF, 

Rousseau H, Viguier A, et al; EVA-3S Investigators. 

Endarterectomy Versus Angioplasty in Patients with 

Symptomatic Severe Carotid Stenosis (EVA-3S) 

 



Smyrna Tıp Dergisi - 8 – 

 
 trial: results up to 4 years from a randomised, 

multicentre trial. Lancet Neurol 2008;7:885-92. 

27. Akar Bayram N, Bozkurt E, Ayhan H, Gürkaş E, 

Orhan G, Ak F, et al. Early outcomes of carotid 

artery stenting. Perfusion 2012;27:146-9. 

28. Arslan S, Köklü E, Yüksel IÖ, Çağırcı G, Bayar 

N, Yılmaz A, et al. Two-year results of carotid 

artery stenting. Turk Kardiyol Dern Ars 

2014;42:429-34. 

29. Sahin M, Açar G, Ozkan B, Alıcı G, Yazıcıoglu 

MV, Bulut M, et al. Comparison of short-term 

outcomes after carotid artery stenting according 

to different stent designs. Postepy Kardiol 

Interwencyjnej 2013;9:121-5. 

30. Geary RL, Nikkari ST, Wagner WD, et al. Wound 

healing: a paradigm for lumen narrowing after 

arterial reconstruction. J Vasc Surg 1998;27: 96-106. 

31. Schllinger M, Exner M, Mlekusch W, et al. 

Acute-phase response after stent implantation in 

the carotid artery: association with 6-month in-

stent restenosis. Radiology 2003;227:516-21. 

32. Denny FD. Prediction of restenosis after carotid 

artery stent implantation. Radiology 2003;227: 

316-8. 

33. Barr JD, Connors JJ, Sacks D, et al. Quality 

improvement guidelines for the performance of 

cervical carotid angioplasty and stent placement. 

Am J Neuroradiol 2003;24:2020-34. 

34. Greenstein AJ, Chassin MR, Wang J, et al: 

Association between minor and major surgical 

complication safter carotid endarterectomy:  

results of the New York Carotid Artery Surgery 

study. J Vasc Surg 2007;46:1138-46. 

35. Kleindorfer DO, Towfighi A, Chaturvedi S, 

Cockroft KM, Gutierrez J, Lombardi-Hill D, et al, 

2021 Guideline for the Prevention of Stroke in 

Patients With Stroke and Transient Ischemic 

Attack: A Guideline From the American Heart 

Association/American Stroke Association, Stroke 

Volume 52, Issue 7, July 2021; Pages e364-e467 

36. Neequaye SK, Halliday AW. Carotid artery stenting: 

the 2011NICE guidelines. Heart 2012; 98:274-5.  

37. Naylor AR, Ricco JB, de Borst GJ, Debus S, de 

Haro J, Halliday A, et al. Management of 

Atherosclerotic Carotid and Vertebral Artery 

Disease: 2017 Clinical Practice Guidelines of the 

European Society for Vascular Surgery (ESVS). 

Eur J Vasc Endovasc Surg 2018;55:3-81. 
 

Correspondance: 
Mujdat Yazıcı,  MD 

Hopa State Hospital, Department of Radiology, 

Artvin, Turkey 

E-mail: radiologymujdat@hotmail.com  

Tel: +90.531.7905662 

 

 

 

 

 

 

 

mailto:radiologymujdat@hotmail.com

