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A BST R AC T   

 

Aim: To share the data of patients who underwent carotid artery stenting (CAS) with or without a distal filter-

type (DF) embolic protection device (EPD) in our clinic and our own experiences. 

Method: The files of patients who underwent CAS in our clinic between November 2019 and January 2021 

were reviewed retrospectively. Patients with >50% stenosis in symptomatic patients, >70% in asymptomatic 

patients, and those who had CAS at least 48 hours after the last symptom were included. Patients who 

underwent acute CAS and were treated for restenosis after carotid stent or endarterectomy were excluded from 

the study. Thirty-five patients who used DF in CAS procedure and 16 patients who did not use EPD were 

included in the study.   

Results: No significant difference was found between the two groups in terms of new neurological and cardiac 

vascular events (p=0.58). A new ischemic lesion was detected in diffusion MRI in 76.5% of the patients who 

underwent CAS using a DF type EPD and 81.8% of patients who underwent CAS without the use of an EPD. 

No significant difference was found between the detection rates of new ischemic lesions (p=0.73). 

Conclusions: Since we found no significant difference in neurological and cardiac vascular events between 

the patients who underwent CAS with and without use of DF type EPD, we suggest that CAS can be performed 

without the use of a DF type EPD in suitable patients to reduce the cost of the procedure. 
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Introduction 

Carotid artery stenting (CAS) is a long-

established treatment for symptomatic and 

asymptomatic carotid stenosis. Currently, 

guidelines recommend CAS as an alternative 

treatment to carotid endarterectomy (CEA) 

operation in centers with a complication rate of 

less than 6% in symptomatic carotid stenosis 

and less than 3% in asymptomatic carotid 

stenosis [1]. It is known that in CAS, compared 

to CEA operations, the frequency of minor 

stroke is increased while the risk of myocardial 

infarction risk is decreased. No significant 

difference was found in terms of major 

ischemic events [2-4]. The advantages of CAS 

treatment compared to CEA are that it does not 

involve surgical incisions, there is no need for 

general anesthesia, there is no risk of cranial 

nerve damage, and cerebral perfusion can 

continue during the procedure in patients with 

contralateral stenosis and insufficient collateral 

flow through the Willis polygon [5]. The most 
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prominent disadvantage is the risk of distal 

embolism at all stages of the procedure, such as 

crossing the stenosis with microwire, stent 

placement and angioplasty. Several embolic 

protection devices (EPD) have been produced 

and used to reduce the risk of distal embolism. 

Embolic protection devices are classified as 

distal occlusion balloons, distal filters (DF), 

and proximal occlusion devices (POD). 

Combined EPD applications are also available 

[5]. Many centers practice CAS procedure with 

EPDs. DF type embolic protection devices are 

the most widely used group in daily practice. 

While previous studies have reported that the 

risk of stroke is lower in patients with EPD; 

there are also publications reporting that there 

is no significant difference in risk of stroke, 

transient ischemic attack (TIA), and death 

between patients with and without EPD [6-9]. 

In this study, we wanted to share our experience 

and the data of our patients who underwent 

CAS with DF type EPD or without EPD in our 

center. 

 

Materials and Methods 

In this study, patient files who underwent CAS 

treatment between November 2019 and January 

2021 in the comprehensive stroke center clinic 

of Abant Izzet Baysal Training and Research 

Hospital were retrospectively reviewed from 

hospital archive. 

Patients included in this study were over 18 

years of age, underwent CAS procedure within 

48 hours of last symptom and had stenosis in 

carotid artery: according to North American 

Symptomatic Carotid Endarterectomy Trial 

(NASCET) criteria >50% stenosis in 

symptomatic patients and >70% stenosis in 

asymptomatic patients [10]. Patients who 

underwent acute CAS and were treated for old 

carotid stent or endarterectomy restenosis were 

excluded from this study. Out of 74 patients 

who underwent CAS in our clinic between the 

specified dates, 51 patients met our criteria and 

had their data analyzed (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Flow chart. 

CAS procedure 

Patients received at least 5 days of 

Acetylsalicylic acid (ASA) 100 mg/day and 

Clopidogrel 75 mg/day or ASA 100 mg/day and 

Ticagrelor 90mg 2x1 treatments before 

undergoing the procedure. A 6F guide catheter 

over an 8F femoral sheath was used in the 

procedure. Patients were heparinized at a dose 

of 50/U kg to obtain activated clotting time 

within the therapeutic range. After the 

diagnostic angiography, stenosis measurements 

were made and symptomatic patients with 

>50% stenosis and asymptomatic patients with 

>70% stenosis underwent CAS procedure. 
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Protege (Medtronic Corp.; Minneapolis, MN, 

USA) stent was used in all patients. During the 

procedure, pre-dilatation was performed in 

patients who did not have an opening through 

which the stent could pass, and post-dilatation 

was performed in patients with >30% residual 

stenosis at the end of the procedure. The use of 

an EPD is also left to the operator's decision. 

The data of 35 patients who underwent CAS 

with DF and 16 patients who underwent CAS 

without EPD were evaluated. Vascular risk 

factors of the patients, technical data related to 

the procedure, periprocedural complications, 

and cerebral and cardiac vascular events were 

noted. Imaging of 17 patients from the DF 

group and 11 patients from the group without 

EPD who had 1.5 T diffusion magnetic 

resonance imaging (MRI) (Signa Explorer, GE 

Healthcare, Chicago, IL, USA) before and in 

the first 24 hours after the procedure were 

evaluated. Newly developed ischemic lesions 

with a size of <1 cm are indicated numerically. 

Patients with an infarct larger than one cm are 

noted as well. All patients were seen at the first 

month and third month follow-ups, and any 

newly developed cardiac and cerebral vascular 

events were noted and were evaluated for 

restenosis with Doppler USG. Primary outcome 

was determined as stroke and myocardial 

infarction whereas secondary outcome was 

determined as detection of a new ischemic 

lesion in diffusion MRI and increased number 

of ischemic lesions.  

The study was approved by the Ethics 

Committee of Abant Izzet Baysal University. 

(02/03/2021, 79). After that, informed consent 

forms were obtained from the patients or their 

first-degree relatives, and then the data were 

evaluated. 

Statistical method 

Data were evaluated with SPSS 21.0 (IBM 

Corp.; Armonk, NY, USA) program. 

Qualitative variables were expressed as 

numbers and percentages whereas quantitative 

variables were expressed as mean ±SD. 

Quantitative variables with normal distribution 

between two independent groups were 

evaluated with the Independent Sample t test, 

and variables without normal distribution were 

evaluated with the Mann Whitney U test. Chi-

square test was used when comparing 

categorical variables. A P value of <0.05 was 

considered statistically significant. 

 

 

Results 

The mean age of the patients within the DF 

group was 69±8.8 (range; 50-90) years, and the 

mean age of the patients in the group without 

EPD was 70±8.6 (range; 54-83) years (p=0.48). 

There were 27 male (77.1%) and 8 female 

(22.9%) patients in the DF group and 12 male 

(75%) and 4 female (25%) patients in the group 

without EPD. There was no significant 

difference between the two groups in terms of 

age and gender (p 0.48, 0.86, respectively). 

Hypertension (HT) was significantly more 

common in patients who did not use an EPD 

(p=0.01). There was no significant difference 

between the two groups in terms of the 

frequency of diabetes mellitus (DM), 

hyperlipidemia (HL) and coronary artery 

disease (CAD) (Table 1). 

Out of 35 patients in the DF group, 31 (88.6%) 

received ASA 100 mg/day + Clopidogrel 75 mg 

treatment whereas the remaining 4 (%11.4) 

received ASA 100 mg/day + ticagrelor 

treatment. In the group without EPD, 

15(%93.8) patients received ASA 100 mg/day 

+ clopidogrel 75 mg treatment and 1 (%6.3) 

patient received ASA + ticagrelor treatment.  

In the DF group, 5 (14.3%) of the patients who 

underwent CAS had asymptomatic ICA 

stenosis compared to 3 (18.8%) in the group 
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without EPD. There was no significant 

difference between the ratios of symptomatic  

and asymptomatic patients between the two 

groups (p=0.69). In DF group, stents are placed 

to the right ICA of 16 patients and left ICA of 

19 patients. In the group without EPD, 7 

patients had their right ICA stented whereas 9 

patients had their left ICA stented.  

 

Table 1. Comparison of patients' demographic data 

and vascular risk factors. 

*Independent samples t test, ** Chi square test, DF: 

Distal filter, EPD: Embolic protection device, CAD: 

Coronary artery disease, DM : Diabetes mellitus, HL : 

Hyperlipidemia, SD: standard deviation 

 

Balloon angioplasty was performed in 22 

patients (%62.9) from the DF group. Only pre-

dilatation was applied to 7 patients (20%), only 

post-dilatation was applied to 8 patients 

(22.9%), and both were applied to 7 patients 

(20%). Balloon angioplasty was performed in 

13 patients (81.3%) from the group without an 

EPD. Two patients (12.5%) underwent pre-

dilatation whereas 11 (68.8%) patients 

underwent post-dilatation. There was no 

significant difference in balloon angioplasty 

application ratios between the two groups 

(p=0.18). The mean residual stenosis rates were 

detected as 13.4±10.5 (range, 0-32) in the DF 

group and 15.4±10.6 (range, 0-40) in the group 

without  EPD.    There    was    no     significant  

difference between residual stenosis rates 

(p=0.53), (Table 2). 

 

Table 2. Comparison of data on CAS. 

DF: Distal filter, EPD: Embolic protection device 

 
One patient in the DF group developed 

myocardial infarction 24 hours after the 

procedure and coronary stenting was performed 

by the cardiologist. Again, one patient in the DF 

group developed stent thrombosis during the 

procedure. The patient with total occlusion of 

the contralateral ICA was taken to acute 

endovascular recanalization and recanalization 

was achieved. However, the patient who 

developed a large bihemispheric infarct died on 

the 5th day of the procedure. In the group 

without EPD, TIA was detected in one patient 

and a minor stroke without disability was 

detected in another. There was no significant 

difference between the two groups in terms of 

new neurological and cardiovascular events 

(p=0.58). Three (8.6%) of the patients in DF 

group had vasospasm advanced enough to 

require vasodilator admission while the patients 

in EPD had no such problem (Table 3). 

Parameters 

DF Group  

n=35 

Group 

Without 

EPD n=16 

p 

Symptomatic/ 

Asymptomatic (n, %) 

30 (85,7) /  

5 (14,3) 

13(81,2) /  

3 (18,8) 

0,69  

Right/ Left (n, %) 16(45,7) / 

19(54,3) 

7 (43,8) /  

9 (56,3) 

0,89  

Stenosis rate (%) ±SD  

(min-max) 

77,2±10  

(57-95) 

67,7±10,6 

(55-95) 

0,11 

Contralateral ICA 

stenosis rate (%) ±SD 

(min-max) 

27,7±35,3  

(0-100) 

16,7±16,1 

(0-50) 

0,25 

Arcus type 1/2/3 (n, %) 8 (22,9) /  

24 (68,6) / 

 3 (8,6) 

3 (18,8) /  

7 (43,8) / 

6 (37,5) 

0,05 

Residual Stenosis (%) 

±SD (min-max) 

13,4±10,5  

(0-32) 

15,4±10,6 

(0-40) 

0,53  

Angioplasty rate (%) 62,9 81,3 0,18  

Parameters 

DF Group  

n=35 

Group 

Without 

EPD n=16 

p 

Age (year)±SD 69±8,8 70,9±8,6 0,48 * 

Gender (n, %), 

(Male/Female) 

27 (77.1) / 

8 (22.9) 

12 (75) / 4 

(25) 

0,86** 

HT (n, %) 23 (65.7) 16 (100) 0,01 ** 

DM (n, %) 18 (51.4) 8 (50) 0,92 ** 

HL (n, %) 25 (71.4) 11(68.8) 0,84** 

CAD (n, %) 13 (37.1) 9 (56,3) 0,20 ** 
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Table 3. Periprocedural vascular complications. 

Parameters  DF 

Group 

Group 

Without 

EPD 

p 

Vasospasm 

(require 

vasodilator) (n, %) 

3 (8,6) 0  

       TIA (n, %) 0 1 (6,3)  

Minor stroke (n, 

%) 

0 1 (6,3)  

Stroke (n, %) 1 (2,9) 0  

Myocardial 

infarction (n, %) 

1 (2,9) 0  

Stent thrombosis  

(n, %) 

1 (2,9) 0  

Mortality (n, %) 1 (2,9) 0  

Cardiac and 

cerebral vascular 

event (n, %) 

2 (5,7) 2 (12,5) 0,58  

DF: Distal filter, EPD: Embolic ptotection device, TIA: 

Transient ischemic attack 

 

Table 4. Diffusion MRI findings. 

Parameters 

DF 

Group  

n=17 

Group 

Without 

EPD  

n=11 

p 

New ischemic lesion (%) 76,5 81.8 0,73 

Number of new lesions 

±SD 

3,8±5,6 5,2±7,6 0,61  

Ipsilateral new lesion (%) 76,5 72,7  

Number of ipsilateral new 

lesions ±SD 

3,6±5,7 4,6±7,8 0,94  

Contralateral new lesion 

(%) 

17,6 18,2  

Number of contralateral 

new lesions ±SD 

0,1±0,5 0,2±0,6 0,82  

Posterior circulation new 

lesion (%) 

5,9 9,1  

Number of posterior 

circulation new lesions 

±SD 

0  0,3±0,9 0,45 

** 

MRI: Magnetic resonance imaging, DF: Distal filter, 

EPD: Embolic protection device,  

Seventeen patients in the DF group and 11 

patients in the group without EPD had diffusion 

MRI examinations before the procedure and 

within 24 hours after the procedure. When the 

imaging of these patients was evaluated, new 

ischemic lesions were detected in 13 patients 

(76.5%) from the DF group and 9 patients 

(81.8%) from the group without EPD. The 

mean number of new <1 cm ischemic lesions in 

diffusion MRI was 3.8±5.6 in the DF group and 

5.2±7.6 in the group without EPD. There was 

no significant difference in the number of new 

ischemic lesions observed in diffusion MRI and 

the rates of detection of new lesions between 

the two groups (p 0.61, 0.73, respectively) 

(Table 4). 

 

Discussion 

In clinical practice, embolic protection devices 

are used in many centers, and DF type devices 

are the most widely used ones. Although 

embolic protection devices are extensively 

used, there are still authors who are skeptical 

about their effectiveness. According to the 

European Society for Vascular Surgery (ESVS) 

guideline [10], the use of EPD should be 

considered in patients undergoing CAS with a 

recommendation of Class IIa, Level B [11].  

While there are publications in the literature 

reporting that the risk of stroke is lower in 

patients who use EPD during CAS procedure, 

there are also publications reporting that there 

is no significant difference between patients 

with and without EPD, and that new ischemic 

lesions are more common in patients who use 

EPD [7-9, 12-14]. 

In the randomized controlled study reported by 

Barbato et al. in which patients who underwent 

CAS with and without DF, diffusion MRI 

examination revealed that the new ischemic 

lesions were detected in 72% of the patients 

using DF and in 44% of the patients without 
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EPD. There was no significant difference 

between the two groups. [7]. In a randomized 

study conducted by Macdonald et al., new 

ischemic lesions were found 24 hours after the 

procedure in the diffusion MRI of 29% of the 

patients who used DF and in 18% of patients in 

the group without EPD. The number of 

microembolic signals detected by transcranial 

Doppler USG during the procedure was found 

to be significantly higher in patients with DF 

[13]. In our study, no significant difference was 

found between the rates of new ischemic 

lesions in diffusion MRI examinations between 

patients with and without DF. 

In the subgroup analysis of the Pro-CAS study 

reported by Theiss et al., no significant 

difference was found in mortality and stroke 

between 3543 patients with EPD and 1166 

patients without EPD [13]. In a subgroup 

analysis evaluating patients in the CAS leg of 

the Multicenter International Carotid Stenting 

Study (ICSS), reported by Doig et al., major 

cardiac and cerebrovascular events within the 

first month were found in 8.5% of patients with 

EPD while they were found in 4.6% of the 

group without EPD; however, in terms of major 

cardiac and cerebrovascular events no 

significant difference was observed between 

the two groups [8]. In a meta-analysis study by 

Garg et al., stroke risk was found to be 

significantly lower in patients using EPD 

compared to patients not using EPD [9]. In a 

study by Knappich et al., in which the data of 

13086 CAS cases were evaluated 

retrospectively, a significant reduction in the 

rate of stroke, mortality and duration of hospital 

stay was found with the use of EPD [12]. In a 

meta-analysis study, the number of new 

ischemic lesions detected was found to be 

significantly lower in patients who used EPD 

(33%) compared to the group that did not (45%) 

[14]. In our study, however, no significant 

difference was found between the two groups in 

terms of cardiac and cerebral vascular events. 

There was also no significant difference in 

terms of newly developed silent ischemic 

lesions.  

In a study by Binning et al., CAS was 

performed without EPD in 174 patients and 

none of the patients developed neurological 

complications. In this study, post-dilatation was 

avoided, considering that distal emboli most 

likely develop during this phase. Despite this, 

the rate of restenosis requiring intervention in 

the follow-up of patients (2.8%) remained low 

[16]. In our study, post-dilatation was 

performed when residual stenosis over 30% 

was detected in patients. The reason for the 

relatively high presence of silent infarcts we 

found in our patients may be that the rate of 

total angioplasty was 68% and the rate of post-

dilatation was 50%. While there are 

publications stating that PODs reduce the risk 

of embolism more than DF, there are also 

publications with a large number of cases 

reporting that there is no difference between 

them [17-19]. In the randomized study reported 

by Aytac et al. in which new ischemic lesions 

detected in post-procedure diffusion MRI 

examination were compared, new ischemic 

lesions were found at a rate of 65.4% in the DF 

group compared to 47.4% in those using POD, 

and no significant difference was observed 

[15]. In a meta-analysis comparing patients 

with POD or DF, Texakalidis et al. reported no 

significant difference in terms of mortality, 

TIA, and stroke risk [20]. In a randomized study 

reported by Montorsi et al., in which patients 

using randomized POD or DF, microembolic 

signals were evaluated with transcranial 

Doppler USG during the procedure and the 

number of MES was found to be significantly 

lower in those using POD [21]. POD was not 

used in our study. When the literature is 
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reviewed, it is noteworthy that they are 

generally more successful than DFs in 

preventing silent ischemic lesions. [17, 19-21] 

Although CAS treatment has been in use for a 

long time, it is not possible to give a clear 

answer as to whether the use of EPD is 

necessary. There are conflicting results in 

studies investigating microembolic signals with 

transcranial doppler and post-operative new 

ischemic lesions with diffusion MRI. When 

evaluated in terms of clinically manifesting 

major embolic events, no significant difference 

was found in general [6-9, 12-13]. In our 

patients too, no difference was found between 

the two groups in the number of neurological 

and cardiovascular events or new ischemic 

lesions in diffusion MRI. 

The advantages of our study are that silent 

infarcts were evaluated by imaging and the use 

of the same stent and DF in all patients. The 

disadvantages of our study are that the study 

was single-centered, the number of patients 

included in the study was small, diffusion MRI 

examination could not be performed in all 

patients, and the study was conducted in a 

retrospective nature. 

Conclusion 

While looking for an answer to the question of 

how to achieve embolic protection, it is 

necessary to evaluate many parameters such as 

collateral status, vascular tortuosity, stenosis 

rate, plaque morphology and make a choice 

according to the patient. We suggest that CAS 

can be performed without using DF, especially 

in patients who are thought to be unlikely to 

undergo pre-dilatation or post-dilatation 

considering pre-procedural radiological images 

and angiography imaging. While there is no 

change in the clinical outcome of the patients, 

the cost of the procedure can be reduced in this 

way. The answer to the questions of whether an 

EPD should be used and if so, what type should 

be used can only be possible with randomized 

controlled studies with a large number of cases 

comparing proximal protective devices, distal 

protective devices, combined method with each 

other. 
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