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Percutaneous Treatment of Carotid Artery Stenoses with Stents: A 
Single Center Experience

 A B S T R A C T

Objectives: The effectiveness of carotid artery stenting for primary and sec-
ondary prevention of ischemic stroke has been demonstrated in many stud-
ies. In this study, we aimed to present the characteristics and post-procedur-
al clinical outcomes of the patients admitted to our clinic with severe carotid 
artery disease and revascularized by carotid artery stenting  with distal em-
bolic protection system.
Materials and Methods: This study was a single center retrospective study. 
Between Jan 2015 and May 2017 patients undergoing carotid artery stenting 
procedure were included in the study.  Symptomatic cases with more than 
50% stenosis and asymptomatic patients with more than 70% carotid steno-
sis were included. 
Results: Twenty-five patients were included in the study. 68% of patients were 
male with a mean age of 69.3 ± 15.7 years. 92% of patients were symptomatic. 
In all patients, distal embolic protection devices and self-expandable carotid 
stents were used. All procedures were performed successfully. No mortality 
or myocardial infarction was observed in any of the patients in whom carot-
id artery stenting was applied successfully. Five complications were seen re-
lated to the procedure. One patient had air embolism, one patient had tran-
sient ischemic attack, one patient had stroke, one patient had symptomatic 
nodal rhythm and the last patient had hyper-perfusion syndrome.
Conclusion: Carotid artery stenting is being successfully applied with ac-
ceptable complication rates in experienced centers. 
Key words: Stroke, carotid artery stenosis, carotid artery stenting, clinical 
outcomes 
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INTRODUCTION

Acute ischemic stroke is the second most com-
mon reason of death and the most common rea-
son of disability in the world [1].  Carotid artery 
stenosis is responsible for the 25-30% cases with 
stroke [2]. Survivors of ischemic stroke have also 
an increased risk of recurrent ischemic  events [3].  
Atherosclerosis is the most common reason of 

carotid artery stenosis and risk of stroke increas-
es with increasing severity of stenosis. Studies re-
veal that patients with stroke or transient ischemic 
attack due to carotid artery stenosis and asymp-
tomatic patients with severe carotid artery stenosis 
get benefit from revascularization procedure either 
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surgical or percutaneous [4,5].
Carotid endarterectomy (CEA) is the preferred meth-
od to treatment of carotid artery stenosis. However 
due to the risk of surgical procedures such as risk of 
anesthesia and post-operative long periods of hos-
pital stay; this surgical procedure has some limita-
tions. Carotid artery stenting (CAS) has emerged as 
a procedure performed only in high risk surgical pa-
tients. Recently, the percutaneous technique is re-
ferred as an alternative to surgery with class I indica-
tion in guidelines [6].
In several studies, CAS and CEA were found similar 
with respect to restenosis and peri-operative com-
plications. Nowadays, CAS has become a preferred 
treatment method also in low risk patients [7,8,9]. 
In our country, CAS procedure has been increasingly 
performed in several large centers. Here in we pre-
sented the results and complications in our patients 
who underwent CAS due to symptomatic and as-
ymptomatic carotid artery stenosis

MATERIALS and METHODS

In this study, we included ambulatory patients who 
admitted to our clinics due to symptomatic or as-
ymptomatic severe carotid artery stenosis and un-
derwent CAS procedure. Symptomatic patients 
were defined as patients with recent transient isch-
emic attack or stroke in last 6 months.
Selective conventional carotid angiography was 
performed to all of these patients to confirm the se-
verity of stenosis. Degree of stenosis was evaluat-
ed according to the NASCET criteria. Symptomatic 
patients with >50% stenosis and asymptomatic pa-
tients with >70% stenosis underwent CAS (Figure 
1). Exclusion criteria was as follows; a totally occlud-
ed carotid artery, patients who were unable to take 
dual antiplatelet therapy (active bleeding, recent in-
tracranial hemorrhage), Alzheimer disease, chronic 
renal failure, any type of cancer with life expectan-
cy <1 year and vasculitis. All of the patients were in-
formed about the details of the procedure. Ethical 
approval was obtained.  
Demographic characteristics of the patients were ob-
tained from the hospital records. Electrocardiogram, 
postero-anterior chest radiography and transtho-
racic echocardiography were routine performed to 

all of the patients. Biochemical tests and complete 
blood count were also obtained. All of the patients 
were treated with acetyl salicylic acid (ASA) 300 mg 
and clopidogrel 600 mg before the procedure and 
ASA 100 mg daily was continued with clopidogrel 
75 mg o.d. thereafter. No sedatives were given to 
the patients.
CAS procedure was performed transfemorally with 
8F sheath and right guiding catheter (Launcher, 
Medtronic Inc, Minneapolis ABD) or 7F destination 
long sheath was used for selective cannulation of 
the common carotid artery. Heparin was applied af-
ter sheath introduction. Distal embolic protection 
device (Emboshield, Abbott, Chicago) was used be-
fore stent implantation to all patients. Angiographic 
anterior and lateral cranial views were obtained and 
self-expandable stents (Xact, Abbott Vascular) were 
implanted thereafter (Figure 2). Balloon pre-dilata-
tion was performed to patients, if the stents did not 
pass the lesion. <30% residual stenosis was accept-
ed optimal after stent implantation. If optimal result 
was not present, then post-dilatation with a balloon 
(5-5.5 mm diameter) was performed. 1 mg iv atro-
pin was given just before post-dilatation routinely. 
Before retrieval of distal embolic protection device, 
anterior and lateral cranial angiographic views were 
obtained again to investigate the distal intracranial 
vessels. Patients were then hospitalized in the inten-
sive care unit for 24 hours. In case of a change of the 
neurological status, a neurologist was consulted.  

Figure 1.  Lesion in the proximal portion of right internal artery 
which caused stroke
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Patients were followed under hemodinamic mon-
itorization and systolic blood pressure of 100-140 
mmHg was intended. Periprocedural cardiovascu-
lar or neurologic complications were noted. Renal 
functions were controlled 48 hour after the proce-
dure in order to detect either contrast induced ne-
phropathy developed. Stroke was defined as >24 
hours of neurologic sequela and transient ischemic 
attack was defined as <24 hours of neurological se-
quela which was improved completely. 
Statistical  Analysis
Statistical Package for Social Sciences 16(SPSS, 
Chicago Illinois, USA) was used for statistical analy-
sis. Continuous variables were defined as mean±SD 

and parametric variables were defined as n (%).

RESULTS 

Twenty-five patients all of who underwent success-
fully carotid stent implantation using distal embol-
ic protection device were included. Mean age was 
69.3±15.7 years. Basal characteristics are summa-
rized in Table1. Two (8%) of the patients were as-
ymptomatic, 12 (48%) had transient ischemic at-
tack (TIA) and 11 (44%) had a stroke history within 
6 months.The angiographic findings can be found 
in Table 2. In three (12%) patients, pre-dilatation was 
performed and in 14 (56%) patients, post-dilatation 
was performed due to insufficient expansion of the 
stent. A total number of 5 (20%) complication was  
observed. Air embolization in one patient, embol-
ic event in 2 patients, symptomatic nodal rhythm in 
one patient and hyper-perfusion syndrome in one 
patient was seen. The neurologic symptoms and 
signs of the patient with air embolism totally re-
solved after two hours. One of the 2 embolic events 
was observed as a transient ischemic attack (TIA) 
and resolved in 12 hours. Other was a large embo-
lism to middle cerebral artery half an hour after the 
procedure. Thrombus aspiration was emergently 
performed with neurology unit and the signs of the 
patient resolved in two days. In the fourth patient 
with symptomatic nodal rhythm temporary pace-
maker was used but the nodal rhythm did not re-
solve in 48 hours and a permanent DDDR pacemak-
er was implanted thereafter. In the last patient with 
hyper-perfusion syndrome, symptoms resolved at 
the 7th day of hospitalization and the patient was 
discharged without an additional neurologic deficit.

Figure 2. Carotid angiography of the same patient after stent 
implantation
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Table 1. Basal Characteristics of Patients (n=25)

Age  (years) 69,3 ± 15,7

Sex  (male) 17 (%68,0)

Hypertension 23 (%92,0)

Diabetes  mellitus 14 (%56,0)

Hyperlipidemia 13 (%52,0)

Smoking 15 (%60,0)

Coronary  artery  disease 9 (%36,0)

Serum  creatinine (mg/dl) 0,9 ± 0,2

LVEF (%) 56,4 ± 7,8

Asymptomatic  patient 2 (%8,0)

Symptomatic  Patient

     Transient  ischemic  attack

      Stroke 23 (%92,0)

12 (%48,0)

11 (%44,0)

Hemoglobin (g/dl) 13,0 ± 1,7

Total  cholesterol (mg/dl) 200,4 ± 35,6

LDL  cholesterol (mg/dl) 126,7 ± 26,3

HDL  cholesterol (mg/dl) 41,9 ± 11,0

Continuous  variables  were  defined  as  mean±SD  and  parametric  variables  were  defined  as  n (%).  LVEF:  Left  ventricular  
ejection  fraction,  LDL:  Low  density  cholesterol,  HDL:  High  density  cholesterol

Stenosis degree (%) 75,2 ± 13,4

Localization  of  carotid  stenosis  (right/left) 14 (%56,0) / 11 (%44,0)

Pre-dilatation  of  stenosis 3 (%12,0)

Post-dilatation  after  stenting 14 (%56,0)

Distal  protection  device 25 (%100)

Mean  stent  length, mm 35,8 ± 4,9

Proximal  stent  size, mm 8,4 ± 0,7

Distal  stent  size,  mm 6,6 ± 0,8

Complication 5 (%20,0)

Table 2.  Procedural characteristics of the patients (n=25)

DISCUSSION 

In this study, we investigated our patients who 
were underwent CAS procedure. Most of the pa-
tients were symptomatic (92%) i.e. recent TİA or 
stroke history. Ischemic stroke, one of the most 
common disease causing disability and mortality 
in older ages, is usually caused by the atheroscle-
rotic process in the carotid arteries. Increasing the 
severity of the stenosis in carotid arteries, risk of 
ischemic stroke also increases [10].  
The incidence of carotid artery stenosis is 0.5% 
in 6th decade and 10% in the 8th decade [11]. 

Treatment of this disease surgically by CEA de-
creased the risk of ischemic stroke by  65% and 
83% respectively compared to medical therapy in 
NASCET and ECST studies [12,13].  CEA is still the first 
choice of therapy in these patients [14]. However, 
patients with severe carotid artery stenosis are usu-
ally old, have several comorbidities like diabetes 
mellitus, hypertension, chronic obstructive pulmo-
nary disease and coronary artery disease.
Due to these comorbidities, the surgical risk is 
also high in patients with carotid artery stenosis. 
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Similarly, in our study, patients were old with a mean 
age of 69,3 ± 15,7 years and most of them had co-
morbidities like coronary artery disease, hyperten-
sion and diabetes mellitus.
Percutaneous treatment for carotid artery steno-
sis was firstly performed with balloon angioplas-
ty in 1980 [15]. Then, stent implantation was start-
ed but some negative results were obtained in 
studies comparing CAS with CEA [16,17,18]. Recently 
with the development of new medical therapies 
like clopidogrel and with the development of the 
stent technology, CAS has been shown to decrease 
mortality and recurrent ischemic attacks. The clin-
ical results of CAS have also shown similar results 
like CEA in recent trials [19,20,21,22]. Wholey et al. 
found 98.8% success of the CAS by collecting data 
from several centers in 3129 procedures [23]. Shawl 
et al have also shown 99% success rate in 192 proce-
dures and one major and two minor strokes (2.9%) 
[24]. EVA-3S trial demonstrated that carotid endar-
terectomy is better than carotid stenting in terms 
of death and mortality outcomes at first and sixth 
months. It is   revealed that carotid endarterecto-
my is related with more pulmonary complications 
and cranial nerve injury while carotid stenting was 
related with more frequent local complications[25]. 
SPACE trial showed that although recurrent ipsilat-
eral stroke rates were similar at 2 years between ca-
rotid stenting and endarterectomy groups; the in-
cidence of carotid restenosis was higher in patients 
with carotid stenting [26]. In our study, success rate 
was 100% and one minor stroke was observed.
The most important complication of CAS is the cra-
nial embolic events which may occur during or after 
the procedure. These may develop during the pas-
sage of the guidewire, pre-dilatation, stent implan-
tation and most commonly during post-dilatation 
[27]. Distal and proximal embolic protection devices 
have been developed to prevent these events. Risk 
of embolization have decreased from 8% to 2% with 

these devices [11,28,29]. Herein, we have also used 
distal embolic protection devices to prevent em-
bolic events. Besides these embolic complications, 
some minor complications in the sheath introduc-
tion sites like hematoma and pseudoaneursym may 
be observed commonly. Two interesting complica-
tions occurred during our CAS procedures. One of 
them was air embolism symptoms of which was re-
solved completely in two hours and the other was 
symptomatic nodal rhythm which was treated with 
permanent pacemaker implantation. 
In this study, before post-dilatation of the stents, 1 
mg atropin iv was applied routinely in all patients to 
prevent asystole and severe bradycardia. Similarly 
in some studies, routine administration of atropine 
was found beneficial to prevent asystole and brady-
cardia [30]. Therefore, we may recommend routine 
use of atropine before post-dilatation.

CONCLUSION

CAS with distal embolic protection device is being 
performed successfully in experienced centers with 
acceptable complication rates as a good alterna-
tive to CEA. Herein, we have presented our patients 
who underwent successful CAS with two interest-
ing complications.

LIMITATIONS

The most important limitation of this single center 
retrospective study is the low number of patient en-
rollment. Besides this  no data was present compar-
ing CAS and CEA.
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