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netic resonance diffusion-weighted images (DWI) between the 
two groups were not significantly different. Furthermore, com-
plications of EPD use such as difficult retrieval, vasospasm, and 
vessel dissection have called into question the efficacy of pro-
tecting devices13). Therefore, it seems necessary to identify wheth-
er the EPD use during CAS is valid or not. In this study, we dig-
itized size and number of emboli captured by EPD during CAS, 
predict the risk factors for developing large emboli that may 
cause ischemic stroke. 

MATERIALS AND METHODS

Patient population
A retrospective single-center review of 35 consecutive pa-

tients who underwent CAS under the protection of an EPD be-
tween January 2009 and March 2012 was conducted. The inclu-

INTRODUCTION

Carotid occlusive disease is one of the most frequently identi-
fied and treatable causes of ischemic stroke. Currently, carotid 
endarterectomy (CEA) and carotid artery stenting (CAS) are 
recognized as the two leading treatments of carotid atheroscle-
rotic stenosis13). Although CEA is the gold standard for treat-
ment of carotid artery stenosis, CAS has evolved as a potential 
alternative to CEA due to its minimal invasiveness6). 

The introduction of the embolic protecting device (EPD) has 
resulted in a decreased rate of ischemic stroke after CAS5). Re-
cently, however, several reports failed to show a benefit of using 
an EPD during CAS for reducing ischemic stroke. Wu et al.20) 
assigned 76 patients with carotid artery stenosis to undergo 
CAS procedures with or without an EPD. Their results showed 
that the incidence of newly detected ischemic lesions on mag-
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heparin. An intermittent bolus of 1000 U heparin was given at 
1-hour intervals thereafter.

A 6 F Shuttle (Cordis, Miami, FL, USA) was placed in the 
common carotid artery. Activated coagulation time was not 
routinely monitored. Under roadmap guidance, the stenotic le-
sion was crossed using a 0.014 inch guidewire. An Angioguard 
(Cordis, Miami, FL, USA) as a EPD was subsequently posi-
tioned distal to the stenotic lesion. The EPD was advanced 
without the aid of pre-dilatation in all lesions. Pre-stenting dila-
tation with a balloon was subsequently performed within the 
stenotic lesion after placement of the EPD. The size of the bal-
loon was chosen to be approximately 80% of the normal diam-
eter of the distal internal carotid artery. We positioned the bal-
loon covering the stenotic segment in a monorailed type and 
inflated the balloon gradually once in most cases while moni-
toring vital signs. We used Precise (Cordis, Miami, FL, USA) 
stents in each case. The size of stent was chosen as the diameter 
of just proximal to stenotic segment. Post-stenting balloon an-
gioplasty was not routinely performed unless significant residu-
al stenosis (>40%) was found on immediate post-stenting angi-
ography. DWI was performed 1 day after stent placement in 
most patients.

Evaluation of angiogram
Digital subtraction angiographic images were collected and 

analyzed retrospectively. Angiographic lesion characteristics 
were recorded and defined as follows :

- Rates of stenosis were measured using the North American 
Symptom Carotid Endarterectomy Trial criteria, with the distal 
internal carotid serving as the reference segment.

- Lesion length was defined as the distance between the start 
and end of the stenotic segment. Only portions with >50% ste-
nosis were quantified.

- Ulceration of plaques was defined as a crater extending from 
the lumen into the stenotic plaque15).

- Calcification was noted as radiologic densities readily seen 
within the apparent vascular wall of the artery.

- Lateral carotid angle was measured as the angle between the 
distal common carotid artery and the proximal ICA (Fig. 1).

Data collection
We used an EPD in all CAS procedures and digitized the cap-

tured emboli. The size and number of emboli were classified 
using four grades (1=no clots, 2=1 or 2 small clots, 3=more 
than 3 small clots, 4=large clots) by observation of the EPD af-
ter CAS using operating microscope (Möller 20-1000, Made in 
Germany) (Fig. 2). Large clots were defined as >2 mm in size. 
All patients were divided into two groups including patients with 
small emboli (group A) and patients with large emboli (group 
B). General characteristics, medical comorbidities including his-
tory of smoking, alcohol use, hypertension, diabetes, atrial fibril-
lation, other cardiac problems, and angiographic findings in-
cluding rate of stenosis, lesion length, lateral carotid angle, 

sion criteria for patients who underwent CAS were symptomatic 
carotid artery stenosis >50% or asymptomatic stenosis >70%. 
Patients who suffered acute cerebral infarction typically under-
went CAS 3 weeks after the initial event. We reviewed patient 
characteristics, medical records, angiographic findings, postop-
erative DWI, and size and number of emboli captured by the 
EPD during the procedure.

Technical procedure
Patients received oral aspirin (100 mg) and clopidogrel (75 

mg) daily for a minimum of 7 days prior to the procedure. Stent 
placement was performed under local anesthesia by a neurora-
diologist and a neurosurgeon. At the beginning of the proce-
dure, patients received an intravenous bolus injection of 3000 U 

Fig. 1. Lateral carotid angle is measured by angle between A and B.

Fig. 2. Microscopic findings of the embolic protection devices after pro-
cedure. Arrows indicate the emboli captured. A : Grade 1. No emboli are 
visible. B : Grade 2. One small embolus is seen. C : Grade 3. Many clots 
not exceeding 3 mm are seen. D : Grade 4. Large clots over 3 mm are 
captured by the embolic protection device.
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was successfully deployed with no EPD related complications. 
Emboli were detected in 17 of 35 patients.

Captured emboli were digitized and classified using 4 grades 
(group A : grades 1 and 2, group B : grades 3 and 4). A total of 
23 patients were included in group A (grade 1 : 16 cases, grade 
2 : 7 cases), and 12 patients were included in group B (grade 3 : 
5 cases, grade 4 : 7 cases). Univariate logistic regression analysis 
of risk factors for large emboli during CAS in both groups are 
summarized in Table 1. Patients in groups A and B were similar 
with respect to mean age, sex, and pre-existing comorbidities. 
The mean ages at the time of intervention were 67.74 (group A) 
and 71.25 (group B) years. The majority of patients (78.3% of 
group A, 91.7% of group B) in both groups were male. Incidenc-
es of pre-morbid hypertension (69.6% versus 50%), diabetes 
(43.5% versus 58.3%), and atrial fibrillation (4.4% versus 8.3%) 

ulceration, and calcification were compared between groups.

Statistical analysis
Data were analyzed using SAS (version 9.2, SAS Institute, 

Inc.). Continuous variables were analyzed using Wilcoxon rank-
sum tests and categorical variables analyses were done using 
chi-squared tests and Fisher’s exact tests. All p-values <0.05 
were considered to be statistically significant.

RESULTS

During the study period, 35 patients were hospitalized for ca-
rotid artery occlusion, all of whom underwent CAS. Among 
them, 30 patients underwent post-operative DWI. During the 
CAS procedure, an EPD was used in all cases, each of which 

Table 1. Univariate logistic regression analysis of risk factors for large emboli during CAS

Variable Group A (n=23) Group B (n=12) OR 95% CI p-value
Age (mean, years) 67.74±6.52 71.25±4.90 1.11 0.97-1.27 0.1185
Sex 3.24   0.33-31.54 0.3122
    Male     18 (78.3%)    11 (91.7%)
    Female       5 (21.7%)    1 (8.3%)
Hypertension     16 (69.6%)       6 (50.0%) 0.47 0.11-1.98 0.3010
Diabetes     10 (43.5%)       7 (58.3%) 1.68 0.41-6.96 0.4745
Atrial fibrillation     1 (4.4%)     1 (8.3%) 1.91   0.11-33.54 0.6584
Smoking       3 (13.0%)       7 (58.3%) 8.87   1.66-47.25 0.0106
Alcohol     11 (47.8%)       7 (58.3%) 1.68 0.41-6.96 0.4745
Other medical history 1.44 0.35-5.95 0.6106
    Previous stroke       4 (18.2%)       3 (25.0%)
    Previous MI       4 (18.2%)     1 (8.3%)
    Hypercholesterolemia     1 (4.4%)       2 (16.7%)
    None     12 (52.8%)       6 (50.0%)
    Combined     1 (4.4%) 0 (0%)
Pre-operative cardiac morbidity 0.43 0.07-2.50 0.3463
    None     16 (69.6%)    10 (83.3%)
    MI     1 (4.4%)    1 (8.3%)
    Angina pectoris       6 (26.1%) 0 (0%)
    Arrhythmia 0 (0%)    1 (8.3%)
    Heart failure 0 (0%) 0 (0%)
Stenotic region 2.0 0.46-8.63 0.3530
    Right    12 (52.2%)       8 (66.7%)
    Left    11 (47.8%)       4 (33.3%)
Rate of stenosis (%) 78.96±9.83     76.08±11.56 0.97 0.91-1.04 0.4336
Lesion length (mm) 13.93±6.44   19.23±8.81 1.10 0.99-1.22 0.0672
Lateral carotid angle ( ˚) 144.48±16.72 148.25±19.0 1.01 0.97-1.06 0.5379
Calcification    11 (47.8%)       9 (75.0%) 3.60   0.76-17.01 0.1059
Ulceration       5 (21.7%)       8 (66.7%) 6.80   1.43-32.37 0.0160
Post-operative DWI signal change
    Yes       9 (39.2%)       9 (75.0%)
    No     11 (47.8%)     1 (8.3%)
    Not checked       3 (13.0%)       2 (16.7%)

CAS : carotid artery stenting, MI : myocardial infarction, OR : odds ratio, CI : confidence interval, DWI : diffusion-weighted images
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and popularity of minimally invasive procedures8,10,21). One limi-
tation of CAS is the potential for embolic stroke caused by athe-
roembolic material released from the carotid plaque during the 
procedure. In several studies which were largely performed 
without the use of any cerebral protection, stroke occurred in 
over 10% of patients7,14,18). Recently, EPDs have been more rou-
tinely used during CAS, and thromboembolic complications 
have been significantly reduced5,11). The clinical efficacy and safe-
ty of EPDs are still controversial, however, due to an increased 
risk of arterial vasospasm, thrombosis, and dissection4). More-
over, some studies have reported that CAS alone without cere-
bral protection is enough to treat patients who have symptom-
atic or asymptomatic carotid artery stenosis, and that the rate of 
ischemia is not significantly different from patients in which an 
EPD was used3,20).

While many researchers suggest that cerebral protection is 
necessary for preventing ischemic stroke based on DWI find-
ings, no one has yet studied the risk factors for ischemia by ex-
amining the actual emboli captured by EPDs. We observed em-
boli microscopically after CAS and categorized patients into 
two groups based on the number and size of the emboli. The 
proximal middle cerebral artery (MCA) has a mean internal di-
ameter of approximately 2.5 mm, and the distal MCA narrows 
to <2 mm16). Thus, emboli >2 mm in size could feasibly induce 
major cerebral infarction. Additionally, more than 3 small em-
boli (<2 mm in size) may be sufficient to cause obstruction of 
the distal MCA.

We identified advanced age and smoking as two risk factors 
significantly associated with the formation of emboli during ca-
rotid stenting. This study expanded on the existing knowledge 
of CAS-associated emboli and highlighted a unique opportuni-
ty for quality improvement in treatment of patients with carotid 
stenosis.

We hypothesized that patients with a history of smoking were 
more likely to have unstable plaques that were prone to distal 
embolization. Multiple studies have previously evaluated CAS-
associated risk factors for peri-operative stroke. Maureen et al. 
evaluated 34 patients that underwent CAS found that new le-
sions were detected on DWI in 71% of patients. They also dem-
onstrated that a history of coronary artery disease (CAD) was 
the only significant predictor of lesions seen on DWI. Smoking 
and personal history of hypertension, diabetes, or hyperlipid-
emia had no effect on the incidence of post-procedural stroke17). 
Conversely, a study at our institution showed smoking history 
as an independent risk factor for large emboli. CAD including 

myocardial ischemia and angina pecto-
ris did not significantly contribute to 
the formation of emboli.

Some studies have reported that ad-
vanced age (>80 years) affects the inci-
dence of post-procedural stroke. Grös-
chel et al.9) retrospectively reviewed 
records from 176 patients with carotid 

were similar in groups A and B, respectively. Pre-morbid medi-
cal conditions such as previous stroke (18.2% versus 25%), pre-
vious myocardial infarction (MI, 18.2% versus 8.3%), and hy-
percholesterolemia (4.4% versus 16.7%), as well as pre-operative 
cardiac morbidity such as MI (4.4% versus 8.3%), angina pecto-
ris (26.1% versus 0%), arrhythmia (0% versus 8.3%), and heart 
failure (0% versus 0%) were not significantly different between 
groups A and B, respectively.

Patients in group B were more likely to smoke (13% versus 
58.3%) than patients in group A (p=0.0106). Alcohol use (47.8% 
versus 58.3%) was not different between the two groups.

Twelve patients (52.2%) in group A and 8 patients (66.7%) in 
group B underwent intervention on the right ICA. Mean rates 
of stenosis were 78.96% for group A and 76.08% for group B. 
Measured lesion length was longer in group B (19.23±8.81 mm) 
than group A (13.93±6.44 mm), but this difference was not sta-
tistically significant. The lateral carotid angle (144.48±16.72° 
versus 148.25±19.0°) and presence of calcification (47.8% ver-
sus 75%) were not significantly different in groups A and B, re-
spectively, but ulcerations (21.7% versus 66.7%) were a highly 
meaningful risk factor for large emboli (p=0.0160). Postopera-
tive DWI signal change was seen in 9 patients (39.13%) in group 
A and 9 patients (75.0%) in group B.

Univariate analysis showed that smoking and plaque ulcer-
ations were associated with an increased risk of forming large 
emboli during CAS. Although the length of the lesions in group 
B were much longer than that of group A, this difference was 
not statistically significant (Table 1). In addition to these three 
factors, age which seemed to be relatively associated was also 
included in the multivariate analysis (Table 2).

Multivariate analysis showed that age (p=0.0448) and smoking 
(p=0.0066) were independent predictors of the development of 
large emboli during the stenting procedure, whereas lesion 
length did not fulfill the statistical significance. Furthermore, 
while plaque ulceration was a significant factor on univariate 
analysis, it lost the significance on multivariate analysis.

DISCUSSION

Strokes most frequently result from acute cerebral ischemia, 
20% of which are due to atherosclerotic occlusive disease of the 
carotid artery19). While CEA is considered to be the gold standard 
surgical treatment of carotid occlusive disease22), CAS is a valid 
alternative to CEA for experienced physicians treating patients 
with carotid artery stenosis due to the relative ease of placement 

Table 2. Multivariate logistic regression analysis of risk factors for large emboli during CAS

Variable OR 95% CI p-value
Age   1.24 1.01-1.52 0.0448 
Smoking 42.06     2.83-625.65 0.0066
Lesion length   1.12 0.95-1.31 0.1817
Ulceration   5.00   0.63-39.72 0.1281

CAS : carotid artery stenting, OR : odds ratio, CI : confidence interval
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the development of emboli are currently being studied, and were 
not included in our analysis. 

It is impossible to measure the degree of trauma that takes 
place during CAS objectively. It seems to be imperfect study as 
far as several anatomical variables are considered to the only 
factors that represent the degree of trauma. Furthermore, dif-
ference of proportion between rates of stenosis and balloon or 
stent size does influence the degree of trauma. As previously 
mentioned, however, the size of the balloon was chosen to be 
approximately 80% of the normal diameter of the distal internal 
carotid artery, and the stent was chosen as diameter of proximal 
part of stenotic segment, the rates of stenosis appeared to reflect 
the difference of proportion, instead. 

Future studies in a large population are needed to identify peri-
procedural risk factors including pre-operative symptoms, pres-
ence of contralateral stenosis, and other anatomical factors that 
were not analyzed in our study. In addition, analyzing whether 
new lesions detected on DWI are ipsilateral or contralateral to 
lesion would be useful. 

CONCLUSION
 
CAS carries a known risk of post-procedure ischemic stroke. 

Our retrospective analysis of 35 patients showed that advanced 
age and smoking increased the number and size of emboli that 
developed during CAS. Although the use of EPDs is controver-
sial, our results suggest that they may help to reduce the inci-
dence of ischemic stroke after CAS in patients with risk factors 
for large emboli.
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