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ABSTRACT 

 
Background: Carotid artery stenosis accounts for 10% of all ischemic strokes. Carotid 

 endarterectomy (CEA) and carotid artery stenting (CAS) are currently the treatment for 

 stroke prevention.  

 

Methods:  We sought to compare the efficacy and safety of each treatment in patients with carotid 

 artery stenosis. After treatment, the patients were evaluated regarding their outcomes during 

 the 1st and 6th postprocedural months.  

 

Result: Sixty-nine patients (45 male [65.2%] and 24 female [24.8%]) at a mean age of 63.85 ± 

 14.17 years were enrolled. In 12 (17.4%) patients, both left and right carotid arteries were 

 stenotic. Neither CEA nor CAS had in-hospital and procedural complications. However, in 

 longer-term follow-up, transient ischemic attack occurred in 2 (2.9%) patients in the CEA 

 group, while significant in-stent restenosis occurred in 2 (2.9%) patients after CAS. 

 Multivariate analysis showed no association between smoking, coronary artery disease, 

 dyslipidemia, hypertension, diabetes mellitus, and age and stent stenosis (P = 0.9, P = 0.9,  

 P = 0.5, P = 0.6, P = 0.8, and P = 0.1, correspondingly).  
 

Conclusions: Both CEA and CAS are approved therapeutic strategies for the treatment of carotid 

 artery stenosis. Low complications and good results can be expected if case selection is done 

 according to the current guidelines. (Iranian Heart Journal 2017; 18(1):37-43) 
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or the treatment of extracranial carotid 

artery disease in patients at high risk 

for adverse events, in 2004, the United 

States’ Food and Drug Administration (FDA) 

approved the 1st endovascular device system, 

carotid endarterectomy (CEA), for practice in 

the country. Meanwhile, carotid artery 

stenting (CAS) has been performed with 

increasing numbers in different hospital 

settings. After the 1st adoption phase in CAS, 
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there was a noticeable decrease in the rates of 

adverse outcomes, conceivably related to 

improved patient selection and increased 

operator experience. 
1
 Owing to this 

accumulating CAS experience, a better 

understanding of the factors related to the 

increased risk of adverse outcomes has been 

possible. During the past 5 years, it has been 

confirmed that patient-related factors such as 

age, 
2–5

 symptom status, 
2, 3

 timing of 

symptoms before CAS, 
3–5

 patient 

comorbidities, 
4, 6, 7

 concurrent medications, 
2
 

and smoking history 
4
 all might influence the 

outcome. CAS outcomes are also impacted by 

physician-related factors, including training 

and experience, as well as hospital volume. 
2
 

Furthermore, these factors are not yet well 

characterized, while the progression in our 

understanding of risk predictors and the 

improvement of outcomes for CAS seem to 

mirror the experience previously 

demonstrated for CEA. 
8
 In the North 

American Symptomatic Carotid 

Endarterectomy Trial (NASCET), 

contralateral occlusion was not excluded, but 

it resulted in a 30-day risk of stroke and death 

of 14.3%. Additionally, in the Asymptomatic 

Carotid Atherosclerosis Study (ACAS), it led 

to a 2% increase in stroke and death compared 

with medical therapy. Since the publication of 

these 2 trials, there has been a broad use of 

CEA, including in patients with high surgical 

risks, as a result of the extrapolation of the 

outcomes of these studies. 
9
 CEA has been 

revealed effective as the preventive treatment 

for symptomatic and asymptomatic diseases. 
1–3

 CAS was introduced in 1994 and provides 

another choice of treatment. There are 

different results of randomized trials 

comparing CAS with CEA for symptomatic 

patients. 
4–6

 The Carotid Revascularization 

Endarterectomy Versus Stenting Trial 

(CREST) compared CAS with CEA in both 

symptomatic and asymptomatic patients. 
7 

The aim of the present study was to analyze 

the outcomes of CEA for physician- or site-

related variables associated with differential 

outcomes for CAS. 

 

METHODS 

 

In this case series, 69 patients who underwent 

angioplasty between Jun 2013 and June 2015 

in our tertiary care center were enrolled. Two 

methods of treatment are performed for 

carotid stenosis (CS), namely CEA with 

surgery or stenting through the femoral artery 

access. 
10

 All the patients who underwent 

carotid stenting were enrolled, and those with 

intra-arterial coiling and angiography without 

angioplasty were excluded. A large number of 

studies have compared these 2 methods. 
10

 In 

the present study, all the data on the patients 

who underwent carotid angioplasty were 

recorded regarding the presence of 

neurological and clinical symptoms—whether 

bilateral or ipsilateral—via Doppler 

sonography. The success of treatment was 

evaluated in terms of the patients’ recovery 

and absence of symptoms as well as follow-

up outcomes by Doppler sonography. The 

patients underwent carotid angiography and 

carotid stenting 1 day after hospitalization, 

and primary care and laboratory examination 

were performed. In this study, the patients 

who were diagnosed with CS via Doppler 

sonography but did not show considerable 

stenosis on angiography and had no need for 

stenting were entirely excluded.     

 

Statistical Analysis  

The Mann–Whitney U-test was used to 

measure the relationship between the ordinal 

and categorical variables. SPSS 18.0 

(Chicago, USA) was used for all the statistical 

analyses. The continuous and categorical 

variables are presented as means ± standard 

deviations (SDs) and percentages. The 

Student t-test was utilized to compare the 

quantitative variables, and the χ
2
 test was 

applied to compare the categorical variables. 

The 2 groups were compared using the 

Pearson χ
2 

or the Fisher exact test for the 
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categorical variables. A nonparametric test 

(Kruskal–Wallis test) was employed to 

remove the effect of the confounding factors 

of the variables.  

 

RESULTS 

 

In this study, 69 patients (45 [65.2%] male 

and 24 [24.8%] female) at a mean age of 

63.85 ± 14.17 years were enrolled. The 

patients were divided into 3 groups: 11 

(15.9%) patients who showed occlusion 

during the accidental assessment of their 

carotid arteries, 50 (72.2%) patients who were 

hospitalized due to cerebrovascular 

accident/transient ischemic attack (CVA/TIA) 

and were referred due to carotid occlusion, 

and 8 (11.6%) cases with neurological 

disorders who were hospitalized due to CS. 

All the patients’ demographic and clinical 

data are depicted in Table 1. The patients 

were evaluated regarding their outcomes 

during the 1st and 6th postprocedural months 

via Doppler sonography and were 

administered ASA (80 mg/d) and Plavix (75 

mg/d) and then continued on ASA (80 mg/d). 

Twenty-four (34.8%) cases had single right 

CS, 23 (33.2%) had left CS, and 12 (17.4%) 

had left and right stenoses. Two patients had 

left or right CS concomitant with vertebral, 

basilar, or subclavian stenosis. Six cases had 

complete left or right CS without any flow in 

addition to the severe stenosis of the other 

side and 2 (2.9%) cases were hospitalized 

owing to carotid dissection. The prevalence of 

the patients according the location of their CS 

is illustrated in Table 2. None of the patients 

showed periprocedural complications such as 

stroke, TIA, myocardial infarction, and 

bleeding. Apropos delayed postoperative 

complications, 2 (2.9%) cases suffered TIA, 

but their stent was open; therefore, it does not 

seem that it was related to the stent. With the 

exception of 1 case with a pacemaker, all the 

patients presented with sinus rhythm. As 

regards stent stenosis, 4 (5.4%) cases had 

mild stenosis (< 39%), 1 (1.4%) patient had 

moderate stenosis (40%–69%), 2 (2.9%) cases 

had severe stenosis (> 70%), and 1 (1.4%) 

patient had dissection. The stenoses were 

categorized as moderate to severe. Totally, 3 

(4.5%) cases had moderate-to-severe stenosis 

and 1 (1.4%) case had dissection; 

nevertheless, none of the cases had CVA or 

TIA. Typically, the stenosis was unilateral. In 

3 (4.3%) patients who underwent angioplasty, 

new stenosis was seen on the other side.  

The patients with severe stent stenosis had a 

history of CVA, and a significant relation 

between stent restenosis and previous 

CVA/TIA was found (P = 0.3). There was no 

association between stent stenosis and the 

side of stenting (P = 0.4). Stenting was 

performed in the common carotid to the 

eternal carotid in some of the patients; no 

significant difference was seen between 

restenosis and the length of the stent (P = 

0.3). No significant relationship was also 

found between hypertension (P > 0.05), 

coronary artery disease (P = 0.6), diabetes 

mellitus (P = 0.9), dyslipidemia (P > 0.05), 

and smoking (P = 0.9). The result of the 

multivariate analysis showed no association 

between coronary artery disease, 

dyslipidemia, hypertension, diabetes mellitus, 

and age and CS (P = 0.9, P = 0.9, P = 0.5, P = 

0.6, P = 0.8, and P = 0.1, respectively). The 

relationships between the clinical data and 

stent stenosis are shown in Table 3.  
 

Table 1. Demographic and baseline clinical data 

Variables N(%) 

Male 54(65.2%) 

Female 24(34.8%) 

No symptoms 11(15.9%) 

CVA/TIA 50(72.5%) 

Neurological disorder 8(11.6%) 

Right side 24(34.8%) 

Left side 23(33.3%) 

Right and left 12(17.4%) 

R/L and vertebral or basilar 2(2.9%) 

HTN 18(26.1%) 

CAD 10(14.5%) 

CS 3(4.3%) 

R, Right; L, left; CVA, Cerebrovascular accident; TIA, 

Transient ischemic attack; HTN, Hypertension; CAD, 

Coronary artery disease; CS, Carotid stenosis 
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Table 2. Complications and clinical data during and 

after surgery or at follow-up 

 N (%) 

Stent stenosis  Mild  
  Moderate 
  Severe 
  Dissection 

4(5.8%) 
1(1.4%) 
2(2.9%) 
1(1.4%) 

Bilateral stent stenosis 1(1.4%) 

Unilateral stent stenosis 7(10.1%) 

No side 61(88.4%) 

stenosis on contralateral side 3(4.3%) 

Complications 1(1.4%) 
 

 
Table 3. The relationship between the clinical and demographic data and stent stenosis 

 No 
Stenosis 

Mild 
Stenosis 

Moderate 
Stenosis 

Severe 
Stenosis 

P  

Male  39 3 1 1 0.8 

Female 22 1 0 1 0.8 

CVA/TIA 45 3 1 0 0.03 

Neurological disorder 6 0 0 2 0.03 

No symptoms 10 1 0 0 0.03 

Side before stenting       

 Right 22 1(1.4%) 0 0 0.4 

 Left 22 0 0 1(1.4%)  

 R+L 9 2(2.9%) 0 1(1.4%)  

 R/L+ vertebral of basilar 2(2.9%) 0 0 0  

Stent stenosis, total occlusion 4 0 0 0  

Dissection  61 4 1(1.4%)   

CVA, Cerebrovascular accident; TIA, Transient ischemic attack; R, Right; L, Left 
A P value < 0.05 was considered the level of significance. 

 

 

DISCUSSION 

 

The CREST study showed that out of 2000 

patients who underwent angioplasty or 

endarterectomy, 120 cases developed 

restenosis during 2 years of follow-up. In 

these patients, hyperlipidemia and diabetes 

mellitus were the causes of restenosis. The 

stenosis was mostly seen in the 1st year of 

follow-up. Another study defined the time 

interval between the incidence of CVA and 

the performance of clinical treatment as a 

variable and suggested that angioplasty be 

avoided during the acute phase of the disease. 

Elsewhere, the rate of restenosis in patients 

with diabetes mellitus and TIA was in line 

with that in our study. We found no 

significant relationships between age, diabetes 

mellitus, and hyperlipidemia, which may be 

due to our small sample size. 
10

   

Previous investigations demonstrated that 

CAS and CEA had comparable outcomes in 

symptomatic and asymptomatic male and 

female patients, although there was a lower 

incidence rate of myocardial infarction 

directly after CAS and a lower incidence of 

stroke immediately after CEA. 
11,  12

 One 

study reported that its older patients had a 

better outcome after CEA, while its younger 

patients had a slightly better outcome 

following CAS. 
13

 Consequently, patients’ 

preferences and their age may be important 

considerations in the choice of treatment for 

CS. The relationship between advancing age 

and increasing adverse events after CAS has 

been highlighted previously 
14, 5, 15 

and the 

effect of advancing age on treatment 

differences, CAS versus CEA, was revealed 

in the Stent-Protected Angioplasty versus 

Carotid Endarterectomy (SPACE) trial.  

The periprocedural safety outcomes for CAS 

and CEA are the best stated to date for 

patients with pre- and postprocedural medical, 

neurological, ECG, and enzyme evaluations. 
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An effective credentialing process for the 

surgeon, rigorous training and credentialing 

process for the interventionist, and increasing 

integration of endovascular expertise might be 

the reflection of these brilliant CREST 

outcomes. 
14

 Advanced and supplementary 

medical therapies that are commonly used 

may also be an explanation for the favorable 

outcomes observed after CEA in the CREST 

study compared with outcomes in previous 

randomized clinical trials of CEA. 
9, 16 –19

  

Two analyses 
16, 17

 have confirmed the need 

for prospective neurological evaluations 

before and after CEA to best estimate the 

outcome, with a 3-fold increase in events via 

neurological assessment compared with 

outcomes that were otherwise self-reported; 

this is especially applicable since the 

NASCET and ACAS trials used such 

evaluations and constitute the basis for the 

guidelines of the American Heart Association 

(AHA). Likewise, it is remarkable that in the 

original CAPTURE study, 
20 

CEA 

adjudication led to the identification of 50% 

more 30-day adverse outcome events 

compared with the site-reporting of events 

alone; thereby approving the importance of 

both prospective data gathering and the 

adjudication process in providing full 

reporting of the outcomes. 
9
 In the present 

study, no significant relationship was found 

between neurological disorders and stent 

stenosis (P > 0.05).  

While there continues to be disagreement in 

some circles regarding the actual definition of 

high surgical risk, 
21,  22

 recent randomized 

data have confirmed the perception vis-à-vis 

the increase in stroke and death outcomes in a 

predefined surgical population with both 

physiological and anatomical surgical risks. 
23

 

Nonetheless, in the 10 years since the 

publication of the AHA’s guidelines, there 

has not been a similarly rough demonstration 

of the fulfillment of the guidelines in the 

high-surgical-risk population undergoing 

CEA. 
9
 

CAS, when performed by experienced and 

skilled interventionists, has patient outcomes 

comparable to those of CEA performed by 

experienced and skilled surgeons. During the 

perioperative period, more incidences of 

stroke arise after CAS. Younger patients have 

a considerably better outcome with CAS and 

older patients have a better outcome with 

CEA. For the future, both CEA and CAS 

appear to be suitable tools for preventing 

stroke. In the present study, the rate of stent 

stenosis in the patients with CS who were 

hospitalized with CVA was higher than the 

other outcome (P < 0.05). The results of our 

study chime in with another investigation that 

showed that the most significant cause of CS 

was CVA/TIA. The rate of total occlusion in 

our study was 5%–7%. Additionally, the rate 

of postoperative complications was not 

considerable. It has been suggested that 

follow-up of the stenosis be continued on the 

other side of the carotid artery. Six months’ or 

yearly follow-up of the stented side has been 

recommended.  

In the current study, successful flow was 

achieved by opening the occlusion in the 

patients with severe stenosis. Nevertheless, 

complete occlusion and concomitant absence 

of flow was detected on the other side. No 

treatment was performed while the other side 

was reopened, and there was no complication 

during surgery. Among our study population, 

the most significant complications were CVA 

and TIA; however, no myocardial infarction 

and major and minor bleeding occurred. Our 

results were in accordance with the outcomes 

of other studies, although the procedures were 

different. With regard to the patients’ 

recovery after surgery, almost 97% of the 

cases recovered well. The remaining few 

experienced delayed TIA after surgery. 

Regarding the patients suffering mild and 

severe stent stenosis, dissection was seen in 1 

(1.4%) of the cases. One (1.4%) patient had 

Takayasu’s arteritis and had a different 

clinical outcome and showed bilateral 

stenosis. Stent stenosis was mostly seen in the 

patients who underwent stent implantation 

due to CVA (P = 0.03). Thirteen of the cases 

with CS had diabetes mellitus; no significant 
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relationship was, however, found between 

stent stenosis and diabetes mellitus (P > 0.05). 

These results are not concordant with those 

previously reported. Two (2.9%) cases were 

assessed regarding dissection with no 

significant stenosis.  

In the CREST study, smoking was introduced 

as the main risk factor in patients undergoing 

endarterectomy. In contrast, in our study, no 

significant relationship was found between 

smoking and CS (P > 0.05). There was only a 

significant relationship between the patients 

with CVA/TIA and restenosis; this finding is 

consistent with the results of the studies 

reporting the occurrence of stenosis during 

the 1st month of evaluation (P < 0.05). 
10

 

Among the perioperative complications in our 

study, there was 1 (1.4%) patient with TIA. In 

the present study, all the implanted stents 

were particularly bare-metal ones and the 

results are similar to those of the previous 

studies, although the latter investigations had 

larger populations. 

 

Limitations 

The major limitation of the present study is 

our small sample size, which underscores the 

essential need for further research with a 

greater sample size. 
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