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Abstract:  

Background: Carotid endarterectomy (CEA) has shown a valuable role in 

preventing stroke in symptomatic patients. However, it is limited by the presence 

of high-risk medical conditions. Alternatively, carotid artery stenting (CAS) has 

evolved as a less invasive therapeutic method.  

Objective: This study aimed to compare between outcomes of artery stenting 

and carotid endarterectomy in asymptomatic carotid artery stenosis patients.  

Methods: This retrospective cohort included 37 adult patients with symptomatic 

carotid artery stenosis. Patients were scheduled for either CAS (N=20) or CEA 

(N=17). The records were reviewed, and the patients’ demographics, 

comorbidities, and clinical data were recorded. Carotid artery assessment via 

carotid duplex ultrasonography was also recorded. The primary endpoint of the 

study was the incidence of myocardial infarction or stroke within 30-days, and 

the incidence of death, stroke, or myocardial infarction at 1-year. The secondary 

endpoints included cranial nerve injury, restenosis, vessel maturation, 

intracranial haemorrhage, and any complications at the surgical site within one 

month after the procedures.  

Results: Within 30 days of the procedures, the incidence of stroke or transient 

ischemic attack was 20.0% in the CAS group compared with 17.6% in the CEA 

group with no significant difference (p>0.999). Myocardial infarction did not 

ensue in either group. No patients in the CAS group developed cranial nerve 

injury compared to two patients (11.8%) in the CEA group, with no significant 

difference (p=0.204). The occurrence of local hematoma was lower in the CAS 

group (5.0%) than in the CEA group (29.4%), but it did not reach a significant 

level (p=0.075). A 1-year follow-up, equal death, and stroke rates in the CAS 

and CEA groups were 10.0% versus 11.8% (p>0.999). 

Conclusions: Data from our present study indicate comparable death, stroke, or 

myocardial infarction rates within one month and at 1-year follow-up among 

patients who underwent CAS or CEA. Furthermore, there were no significant 

differences between CEA and CAS procedures regarding incidence rates of 

cranial nerve injury, local neck hematoma, or restenosis within one month of the 

procedures. 

Keywords: carotid stenosis, endarterectomy, stenting, death, stroke, myocardial 

infarction. 
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Introduction 

Carotid artery stenosis denotes narrowing of one or both carotid arteries. It is 

closely related to carotid atherosclerosis. The process of atherosclerosis involves 

plaque formation with narrowing of the vascular lumen. The plaque may also 

rupture and give rise to a thrombus formation (1). 

The progression of carotid atherosclerosis is slow, and carotid stenosis may 

remain asymptomatic in many cases (2). However, symptomatic patients may 

present with transient or permanent contralateral neurologic deficits such as 

weakness or numbness. Up to 20–30 % of ischemic strokes are attributed to 

carotid artery stenosis due to cerebral hypoperfusion or thromboembolism. Other 

ischemic manifestations in symptomatic patients include monocular visual loss, 

dysarthria, or vertigo (3). 

For symptomatic stenosis that caused narrowing of greater than 50% of the 

vascular lumen, both surgical and medical interventions are indicated. The 

surgical intervention includes carotid endarterectomy (CEA) or carotid artery 

stenting (CAS) within two weeks of the symptoms. Medical therapy may include 

antiplatelet agents and statins and is mainly effective in preventing stroke (4).   

Carotid endarterectomy showed a valuable role in preventing stroke in 

symptomatic patients, and it has been recommended as a standard treatment. 

However, it is limited by the presence of high-risk medical comorbidities that 

interfere with general anaesthesia. Alternatively, CAS has been evolved as a less 

invasive therapeutic modality (5).   

A meta-analysis of randomized clinical trials concluded that death rate is 

comparable in both CAS and CEA; however, CAS carries a higher risk of stroke, 

and the risk of myocardial infarction is higher in CEA (6). 

Considering the importance of reporting the outcomes of real-world practice of 

both CEA and CAS revascularization procedures, this study aimed to compare 

the outcomes of carotid artery stenting and carotid endarterectomy in 

symptomatic carotid artery stenosis patients.  

Methods 

Ethical considerations 

Approval from Research Ethics Committee, Faculty of Medicine, Tanta 

University, Egypt was taken. We maintained the patients’ confidentiality by 

keeping the records anonymous after assigning a code number to each patient 
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known only to the investigators. 

Study design, settings, and date 

This prospective randomized control study was conducted at the Neurosurgery 

Departments of Tanta University Hospitals, Elsalam General Hospital, and South 

Valley University Hospitals, Egypt, between March 2018 and September 2021.  

Inclusion criteria 

This study enrolled symptomatic carotid artery stenosis patients who were 

scheduled for either carotid artery stenting (CAS) or carotid endarterectomy 

(CEA).  

Exclusion criteria 

For carotid endarterectomy 

We excluded patients with serious medical condition, heavy concentric 

calcification (3 mm in width by at least 2 orthogonal views), vascular tortuosity 

(2 bend point that exceeded 90° within 5 cm of the lesion), high carotid 

bifurcation, intraluminal thrombus, large or immobile neck, previous neck 

irradiation, prior neck operation, and contralateral carotid occlusion. Patients 

presented with a major stroke or had a history of major devastating stroke with 

minimal recovery were excluded. Also, patients with significant disturbance of 

consciousness were also excluded. 

For carotid artery stenting 

We excluded patients with a fully collapsed internal carotid artery (ICA) distal to 

the near-occlusion.  

Data collection 

The records were reviewed and the data including age, gender, history of neck 

operation, congenital cervical deformity, previous angioplasty, associated 

comorbidities including diabetes mellitus, hypertension, renal insufficiency, 

coronary artery disease, hyperlipidaemia, besides smoking were collected. In 

addition, preoperative clinical manifestations such as stroke, transient ischemic 

attack, amaurosis fugax, vertigo, syncope were recorded. Neuroimaging using 

computed tomography (CT) scan, and carotid artery assessment via carotid 

duplex ultrasonography were also recorded. 
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Technique for carotid endarterectomy 

In supine position, the head is placed on a firm holder with extended neck and 

turned away from the side surgery, Incision was made alongside the medial 

aspect of the sternocleidomastoid muscle dissecting deeply to the carotid sheath.  

 

         Careful incision of the sheath, exposure of carotid arteries then clamping of 

internal carotid artery (ICA) followed by common carotid artery (CCA) and 

lastly external carotid artery (ECA). Longitudinal opening of internal carotid 

artery and proceeding beyond both ends of the plaque were done followed by 

carful removal of the plaque. We prefer closure of the arteriotomy with a patch 

graft to increase the caliber of the vessel and reduce the risk of restenosis. Lastly, 

we release the clamps starting with that of ECA followed by CCA and lastly the 

ICA. the importance of this order of de clamping is to force any embolus or 

thrombus if present into the ECA Satisfactory blood flow is to be confirmed with 

angiography or ultrasound Doppler. Fig (1) 
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 Fig 1: 69 years old male with left sided high grade carotid stenosis: 

A: carotid artery dissection. 

B: a vessel loop is placed around CCA and ICA for proximal control. 

C: Order of vessel occlusion as follows: first ICA followed by CCA and lastly 

ECA and the goal of 

this order is to force any embolus/thrombus if present into ECA. 

D: Removal of the plaque. 

E: Arteriotomy closure with patch graft to increase the caliber of the vessel 

and reduce the risk of restenosis 

Technique for carotid artery stenting 

Dual-antiplatelet therapy (DAPT) with aspirin (81-325 mg/day) plus clopidogrel 

(75 mg/day) should be started before the procedure and continued for at least one 

month. [17]  Ticlopidine (250 mg twice/day) was recommended for patients who 

cannot tolerate clopidogrel. Statin therapy before intervention may reduce 

procedural complications. [18]. Under conscious sedation and local anaesthesia 

,the intervention begins with diagnostic cervical carotid and cerebral angiograms 

to assess the carotid stenosis and vascular access route for any severe tortuosity 

and for tandem stenoses, whether extracranially or intracranially, then we 

calculate the diameter of the ICA at the intended landing zone of the embolic 

protection device and the diameters of the native ICA and distal CCA are also 

measured, these dimensions help us in  choosing the stent size , balloons, and 

embolic protection device.  

After completion of the angiography, the diagnostic catheter and groin sheath are 

exchanged over a stiff 0.035-inch wire for a 6 Fr, 90 cm long introducer. The 

exchange-length stiff wire is positioned in the distal external carotid artery 

branches to achieve stability during the exchange maneuver. The 6 Fr introducer 

is positioned in the distal part of the common carotid artery.  

 The patient is then given intravenous heparin (typically, 50–70 units/kg) in 

order to achieve an activated coagulation time (ACT) between 250 and 350 

seconds.  

 The embolic protection device (The Spider™ Embolic Protection Device) 

is advanced distally and deployed in a straight portion of distal cervical ICA. We 

about:blank
about:blank
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perform angioplasty with Sterling monorail balloon dilatation catheter followed 

by stent deployment using Carotid wall stent or Protégé  Self-expanding Carotid 

Stent. 

  

 Post stenting angioplasty was performed if still residual stenosis exists 

post stent insertion, it would appear as waist of an hourglass on fluoro- scopic 

images Fig (2). 
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Fig 2: 70 years old female patient with left sided high-grade carotid artery 

stenosis: 

A: 84% carotid artery stenosis according to NASCET criteria 

B: Balloon angioplasty with 4 by 40mm Aviator balloon after deployment of 

embolic protection device (6 mm Angio guard). 

C: Carotid stenting using 10 by 31 mm carotid wall stent. 

D: un subtracted AP image demonstrates: Embolic protection device, carotid 

stent and 

guiding catheter. 

Postoperative care and follow-up 

Patients were admitted with meticulous follow-up hourly for 24 hours and 

discharged 2 days later. Patients were followed-up with regular duplex 

ultrasonography as well as clinically for one year.  

 

Outcomes  

The primary endpoint of the study was the incidence of each of stroke or 

myocardial infarction within 30 days after the procedures, and the incidence of 

each of death, stroke, or myocardial infarction at 1-year following the 

procedures. The secondary endpoints included cranial-nerve injury, restenosis, 

vessel maturation, intracranial haemorrhage and any complications at the 

surgical site or the vascular access site within 30 days after the procedures.  

Stroke was assessed by using National Institutes of Health Stroke Scale (NIHSS) 

(7) and the Transient Ischemic Attack (TIA)–Stroke Questionnaire (8). 

Measuring cardiac enzyme levels and electrocardiography assess myocardial 

infarction during follow-up period. Regular assessment of carotid condition by 

ultrasonography was performed. 

Statistical analysis 

The information obtained was tabulated and analysed by using SPSS Ver 22 

(IBM Corp. USA). Data obtained were represented as frequencies and 

percentages and associations between categorical variables were analysed using 
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Pearson’s Chi-square and Fisher’s Exact tests as appropriate. Numerical 

variables were checked for distribution by the Shapiro Wilk test. Normally 

distributed variables were presented as mean ±SD, and differences between the 

studied groups were tested by Independent T-test. A p-value of <0.05 was 

considered statistically significant. 

Results 

This study included 37 adult symptomatic carotid artery stenosis patients who 

were scheduled for either CAS (N=20), or CEA (N=17). The mean age of the 

patients in both groups were 63±9.7 and 65±10.3 years, respectively with no 

significant difference (p=0.547). Males constituted 75% of the CAS group and 

82.4% of the CEA group with no significant difference (p=0.701). Both CAS 

and CEA groups showed comparable comorbidity characteristics with no 

significant differences (p>0.05) that included diabetes mellitus (60.0% versus 

64.7%), hypertension (85.0% versus 58.8%), renal insufficiency (0.0% versus 

11.8%), hyperlipidaemia (55.0% versus 82.4%), and smoking (40.0% versus 

70.6%) (Table 1). 

Table (1): Baseline demographic characteristics and comorbidities of the 

studied groups 

 

Carotid artery 

stenting 

N=20 

Carotid 

endarterectomy 

N=17 

P-value 

Age (year), Mean±SD 63±9.7 65±10.3 0.547 

Sex (Male) 15 75.0% 14 82.4% 0.701 

Diabetes mellitus 12 60.0% 11 64.7% 0.769 

Hypertension 17 85.0% 10 58.8% 0.136 

Renal insufficiency 0 0.0% 2 11.8% 0.204 

Coronary artery disease 14 70.0% 5 29.4% 0.014* 

Hyperlipidaemia 11 55.0% 14 82.4% 0.077 

Smoking 8 40.0% 12 70.6% 0.063 

*Significant at p<0.05 
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The severity of carotid stenosis in the CAS and CEA groups varied between 50% 

and 70% (25.0% versus 35.3%, respectively) or more than 70% (75.0% versus 

64.7%, respectively). There was a significant difference between CAS and CEA 

groups regarding the presence of coronary artery disease (70.0% versus 29.4%, 

respectively, p=0.014). Furthermore, history of stroke, TIA, amaurosis fugax, 

vertigo, syncope, neck operation, congenital cervical deformity, and previous 

angioplasty showed similar frequencies in both CAS and CEA groups with no 

significant differences (p>0.05) (Table 2). 

Table (2): Severity of the carotid stenosis and the preoperative clinical 

manifestations of the studied patients 

 

Carotid artery 

stenting 

N=20 

Carotid 

endarterectomy 

N=17 

P-value 

Stroke 7 35.0% 8 47.1% 0.457 

Transient ischemic attack 5 25.0% 6 35.3% 0.495 

Amaurosis fugax 3 15.0% 2 11.8% >0.999 

Vertigo 3 15.0% 5 29.4% 0.428 

Syncope 3 15.0% 4 23.5% 0.680 

Carotid stenosis 50-70% 5 25.0% 6 35.3% 0.495 

Carotid stenosis >70% 15 75.0% 11 64.7% 0.495 

History of neck operation 2 10.0% 0 0.0% 0.489 

Congenital cervical 

deformity 
1 5.0% 0 0.0% 

>0.999 

Previous angioplasty 3 15.0% 2 11.8% >0.999 

*Significant at p<0.05 
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Within 30-days of the procedures, the incidence of stroke or TIA was 20.0% in 

the CAS group compared with 17.6% in the CEA group with no significant 

difference (p>0.999). Myocardial infarction did not ensue in either group. None 

of the patients in the CAS group developed cranial nerve injury, while two 

patients (11.8%) in the CEA group developed it, with no significant difference 

(p=0.204). Occurrence of local hematoma was less in the CAS group (5.0%) 

than in the CEA group (29.4%), but it did not reach a significant level (p=0.075). 

One patient in the CAS group developed bradycardia and hypotension, but none 

of the patients in the CEA group showed them (p=>0.999). Restenosis was 

detected in four patients (20.0%) belonging to the CAS group and two patients 

(11.8%) in the CEA group, with no significant difference (p=0.667). The 

incidence of vessel maturation was 16 out of 20 patients in the CAS group 

(80%), and it was observed in all the 17 patients in the CEA group (100%), with 

no significant difference (p=0.109). Regarding intracranial haemorrhage, we did 

not observe it in either group (Table 3).  

Table (3): Outcomes of carotid artery stenting and carotid endarterectomy 

within 30 days of the procedures 

 

Carotid artery 

stenting 

N=20 

Carotid 

endarterectomy 

N=17 

 

N % N % P-value 

Stroke/transient ischemic attack 4 20.0% 3 17.6% >0.999 

Myocardial infarction 0 0.0% 0 0.0% NA 

Cranial nerve injury 0 0.0% 2 11.8% 0.204 

Local hematoma 1 5.0% 5 29.4% 0.075 

Bradycardia/hypotension 1 5.0% 0 0.0% >0.999 

Intracranial hemorrhage  0 0.0% 0 0.0% NA 

Restenosis 4 20.0% 2 11.8% 0.667 

Vessel maturation 16 80.0% 17 100.0% 0.109 

NA: not applicable 
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Comparison of the outcomes between both groups at 1-year follow-up revealed 

equal death rates as well as occurrence of stroke in the CAS and CEA groups 

(10.0% versus 11.8%, respectively; p>0.999). Though the incidence of 

myocardial infarction was more in the CAS than in the CEA groups (20.0% 

versus 0.0%), this difference had no statistical significance (p=0.109) (Table 4).  

Table (4): Outcomes of carotid artery stenting and carotid endarterectomy 

at 1-year following the procedures 

 

Carotid artery 

stenting 

N=20 

Carotid 

endarterectomy 

N=17 

 

N % N % P-value 

Death 2 10.0% 2 11.8% >0.999 

Stroke 2 10.0% 2 11.8% >0.999 

Myocardial infarction 4 20.0% 0 0.0% 0.109 

 

Discussion 

This study revealed a comparable within 30 days periprocedural stroke and 

myocardial infarction rates among the CAS and the CEA groups with no 

significant differences. Furthermore, analysis of death, stroke, and myocardial 

infarction rates at 1-year following both procedures indicated equal distribution 

among both groups. We also could not detect a significant difference between 

CAS and CEA regarding the risk of bradycardia and hypotension, intracranial 

haemorrhage, cranial nerve injury, or restenosis within 30 days of the 

procedures. Thus, in patients with moderate or severe symptomatic carotid 

stenosis, CAS could be considered an equivalent choice to CEA. 

In the present study, stroke or TIA incidence was 20% in CAS compared to 

17.6% in CEA during the 30-days periprocedural period, while it was 10% 

versus 11.8% at 1-year, with no significant differences. No patients in either 

group developed myocardial infarction during the 30-days periprocedural period, 

but at 1-year, the rate of myocardial infarction was higher in CAS than CEA 

(20% versus 0%, p=0.109) but it did not reach a significant level. Comparison of 

the death rate at 1-year revealed comparable findings of 10% and 11.8%, 

respectively with no significant differences. Our findings coincide with Tas et al 

(9) who reported a retrospective single centre experience of CAS and CEA. They 
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found non-significant differences in the 30-days and 1-year outcomes that 

included transient ischemic attacks, stroke, myocardial infarction, or all-cause 

mortality. Furthermore, long-term risk of fatal or disabling stroke at 1-year, 5-

years, or final follow-up were similar in CAS and CEA treatment modalities for 

symptomatic carotid stenosis with no significant differences (10). Furthermore, 

in asymptomatic low- risk surgical patients with severe carotid stenosis, 

comparison of stroke, death, and myocardial infarction rates within 30 days, at 1- 

and 5-years following CAS with emboli protection device or CEA revealed non-

significant differences (11). A recent meta-analysis of real-world practices of 

both CAS and SEA concluded non-significant differences of the 30-day 

neurologic events (CEA: 2.1% and CAS: 2.6%) (12). 

In comparison to our findings, earlier studies reported less favourable outcomes 

in patients managed with CAS. A randomized clinical trial that evaluated 

outcomes of CEA and angioplasty in patients with symptomatic carotid stenosis 

of at least 60% revealed significantly lower rates of 30-days incidence of stroke 

or death after CEA (1.5%) than after stenting 3.4% (13). As well, within 30 days, 

ischemic stroke rates were 6.84% with and 6.34% in a randomized clinical trial 

that evaluated the outcomes of stent protected angioplasty versus CEA, 

respectively in symptomatic patients with carotid stenosis (14). The observed 

poorer outcomes after CAS in the former studies might be attributed to the lower 

use of emboli protection devices by their investigators. It has been reported that 

the use a device to capture and remove emboli with CAS was associated with 

lower incidence of stroke (12%) compared to CAS alone (20.1%) (15). 

Another study compared outcomes of patients with symptomatic or 

asymptomatic carotid stenosis who were assigned into CAS or ECA. There was 

a significantly higher within 30 days incidence of stroke in the CAS group than 

the CEA group (4.1% versus 2.3%, p=0.01), while the 30-days periprocedural 

incidence of myocardial infarction was significantly higher in CEA than CAS 

(2.3% versus 1.1%, p=0.03). However, after the 30 days periprocedural period, 

the incidence of stroke was similar between stenting and endarterectomy with no 

significant differences (2.0% and 2.4%, respectively; p=0.85) (16).  

The comparable stroke, myocardial infarction, or death rates in the current study 

supports CAS as a treatment option for symptomatic carotid stenosis. Prior 

guidelines recommended CAS in high-risk surgical patients older 75 years (17, 

18). Though, Yoshida and Miyamoto (19) reported that each technique is 

associated with specific high-risk features. Patients with severe cardiac 

comorbidity are considered as high-risk for CEA, while plaque morphology and 
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complicated vessel anatomy can also influence the outcomes of CAS. Therefore, 

the strategy of an individualized treatment selection should be followed. 

The maximum benefit from revascularization procedures is obtained within 2 

weeks of the symptoms. Thereafter, the efficacy has a tendency to decline (20). 

Though, the study of Rantner et al. (21) has shown non-significant differences in 

the risk of recurrent stroke between early revascularization within 14 days, 

intermediate intervention within 14-30 days, or delayed revascularization after 

30 days on the onset of symptoms (22). In this context, analysis of the pooled 

data from four randomized clinical trials that compared stenting with CEA for 

symptomatic carotid artery stenosis concluded that when the procedures were 

done early during the first week after the onset of symptoms, CAS was 

associated with a substantially higher periprocedural death or stroke risk than 

CEA (8.3% versus 1.3%). 

The secondary endpoints in the current study involved cranial-nerve injury, 

restenosis, vessel maturation, intracranial haemorrhage, and local hematoma 

within 30 days after the procedures.   

Concerning the incidence of cranial nerve injury, none of the patients in the CAS 

group developed cranial nerve injury, while two patients (11.8%) in the CEA 

group developed cranial nerve injury, with no significant difference (p=0.204). 

In this regard, an earlier large randomized clinical trial enrolled 2502 patients 

with asymptomatic and symptomatic carotid stenosis revealed higher cranial 

nerve palsy during the periprocedural period after CEA than CAS (16). Furthe et 

al (23)    reported that 5.5% of the patients who underwent CEA developed 

cranial nerve injury, that was disabling in only one patient. A meta-analysis of 

randomized clinical trials reported that CAS was associated with lower rates of 

periprocedural cranial nerve palsy than CEA (24). 

In this study, the incidence of local hematoma within 30 days was lower in the 

CAS group (5.0%) than in the CEA group (29.4%), but it did not reach a 

significant level (p=0.075). Neck haematoma is a well-known complication after 

carotid endarterectomy. Tamaki and Morita (25) identified preoperative 

clopidogrel therapy and the lack of protamine sulfate using after heparin as risk 

factors for haematoma after CEA.  

Within 30 days restenosis was detected in four patients (20.0%) belonging to the 

CAS group and two patients (11.8%) in the CEA group, with no significant 

difference (p=0.667). This is in line with Bonati et al, Dobson (10) who reported 

a comparable 5-year risk of carotid restenosis in both CAS and CEA with no 
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significant difference.  

This study is limited by its retrospective design and the low number of enrolled 

patients, besides the relatively short follow-up period. However, it provides 

outcomes of real-world practices of both CAS and CEA among different centers 

in Egypt. 

Conclusions: Data of the present study indicate no significant difference in the 

incidence of death, stroke, or myocardial infarction rates within 30 days and at 1-

year follow-up among patients undergoing CAS or CEA.  Furthermore, there 

were no significant differences between CAS and CEA procedures regarding the 

incidence rates of cranial nerve injury, local neck hematoma, or restenosis within 

30 days of the procedures. Therefore, CAS could be considered an efficacious 

and safe alternative intervention for symptomatic carotid stenosis. 
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