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fore, to minimize these problem, cerebral protection devices  
have been designed and applied to the prevention of distal em-
bolization. 

Periprocedural neurologic complication during CAS are as-
sociated with the size of embolus, and embolic incident during 
CAS are associated with the plaque vulnerability, such as lipid 
pool and intra-plaque hemorrhage12-14,16).

Up to recently, the vulnerability of carotid atherosclerotic plaque 
has been mostly focused about non-invasive imaging assess-
ment, such as magnetic resonance image and ultrasound. In-
versely, the conventional angiographic assessment of plaque 

INTRODUCTION

Carotid artery stenting (CAS) is recognized as a feasible alter-
native to carotid endarterectomy (CEA) for the management of 
carotid stenosis, because it is less invasive, less traumatic, and 
sometimes safer treatment modality in the patients with high 
risk of CEA10,20). 

Although many advantages of CAS have been reported, one of 
its major concern is the occurrence of distal embolization dur-
ing the procedure. Cerebral embolization during stenting proce-
dure, which have potential risk of symptomatic stroke. There-
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determine the degree of stenosis, rule 
out coexistent proximal or distal disease, 
and assess the lesion calcification, 
thrombus, and ulceration. All finding 
were subsequently confirmed by digital 
subtraction angiography. Baseline and 
preprocedural angiography was per-
formed with the use of the automated 
analysis system coordinated with the an-
giographic equipment. Angiographic ca-
rotid atherosclerotic plaque surface was 
classified as smooth, irregular, ulcerated, 
and intraluminal free thrombus with 
underlying carotid stenosis (Fig. 1). 

Plaques were classified as ulcerated if it fulfilled radiographic cri-
teria of ulcer niche, seen in profile as a crater penetrating into a 
stenotic plaque and (when visible) double density on “en face” 
view. Plaques were classified as irregular if the plaque showed 
surface irregularity or multiple small possible craters or when 
there was difficulty distinguishing a real crater from normal wall 
between two plaque. Stenotic lesion length was classified as long 
lesion and short lesion, according to the basis of 1 cm. All ste-
notic lesions were limited to the cervical segment of internal ca-
rotid artery. Location of stenotic lesion was classified as carotid 
bulb involved lesion and restricted ascending cervical segment 
lesion without bulb involvement. 

Carotid artery stenting procedure 
Patients were either given aspirin 100 mg and clopidogrel 300 

mg 12 hours prior to CAS or were treated with aspirin 100 mg 
and clopidogrel 75 mg daily before at least 3 days. All CAS pro-
cedure were performed from femoral approach using local an-
esthesia and intravenous sedation. A 6 Fr Shuttle sheath (Cook 
Inc., Bloomington, IN, USA) was placed into the descending 
thoracic aorta via the common femoral artery and then all pa-
tients were heparinized to maintain an activated clotting time  
with a target of at least 300 seconds. The target common carotid 
artery was cannulated using a hydrophilic guide wire over 6.5 
Cook selective catheter (JBI, H1, Vitek) and the Shuttle sheath 
was advanced into the target common carotid artery. The side-
arm of the guiding catheter was continuously flushed with pres-
surized heparinized normal saline. A filter-type protection de-
vice was carefully navigated across the stenotic lesion and 
deployed distally (at the entrance of carotid canal). Pre-stent 
deployment balloon angioplasty (predilatation) was performed 
and then a self-expanding stent was deployed in the stenotic ar-
tery. Postdilataion was selectively performed if residual stenosis 
after stent placement was over than 30%. Completion angio-
grams, including cervical and cerebral view, and 20-min post-
stent angiogram for screening of acute in-stent thrombosis 
were routinely obtained. 

We evaluated filling defect in the protection devices which sus-
pected thromboembolic materials captured by the filter-type pro-

vulnerability has been relatively neglected, because non-inva-
sive imaging modalities are better examinations to evaluate the 
plaque composition that is associated with plaque vulnerability. 
However, conventional angiography is essential study prior to 
CAS, and it is gold standard modality to evaluate about carotid 
stenosis. The goal of this study is to determine if certain angio-
graphic charaterisitics of carotid plaque were predictive of the 
vulnerable carotid atherosclerotic plaque, which was presented 
as filling defect in the cerebral protection filter during CAS. 

MATERIALS AND METHODS

Patients
During 4 years (between January 2008 and December 2011), 

107 patients (92 men and 11 women, 49 to 82 years old) under-
went CAS in our institution. Indications for CAS included the pa-
tients with 1) symptomatic carotid stenosis ≥70%, or 2) asymp-
tomatic carotid stenosis ≥80%, determined with duplex ultra-
sound scan and confirmed with digital subtraction angiography. 
Measurement of angiographic carotid stenosis (percentage by di-
ameter) were performed according to North American Symp-
tomatic Carotid Endarterectomy methodology2). 

The evaluation of carotid atherosclerotic plaque
All patients underwent preoperative duplex ultrasound scan-

ning and magnetic resonance angiography with complete neu-
rologic examination by a neurologist. These tests were used to 

Fig. 1. Angiographic carotid atherosclerotic plaque surface classification. A : Plaque with a crater 
penetrating into a stenotic plaque was classified ulcerative plaque. B : Plaque with just surface ir-
regularity or multiple small possible crater was classified irregular surface plaque. C : Plaque with 
intraluminal free thrombus.

A B C

Fig. 2. A : Digital subtraction angiography of post-stent assisted angio-
plasty shows filling defect in the filter device. B : Thromboembolic mate-
rial captured by the filter device. 

BA
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ward elimination method, and the probability was set at 0.10 
for removal. ORs were also adjusted for factors affecting the re-
sponse variable. p values lower than 0.05 were considered statis-
tically significant. All statistical analysis were carried out using 
SAS version 9.1 statistical software.

RESULTS

The patient characteristics, angiographic characteristics, and 

tection devices and flow stagnation at the filter level was seen im-
mediately after balloon angioplasty or stent deployment (Fig. 2). 

Equipment
Only self-expanding stents were used. The types of stent de-

ployed were open cell type in 96 cases (89.7%) and closed cell 
type in 11 cases (10.3%). Three different commercially available 
filter devices were used during CAS; Spider FX (ev3), 49 cases 
(45.8%); FilterWire EZ (Boston Scientific), 23 cases (21.5%); 
and Angioguard RX (Cordis), 35 cases 
(32.7%).

Statistical analysis
To determine the predictable factors of 

filling defect in the protection filters, 11 
variables were retrospectively analyzed 
because it was believed that they might 
influence filling defect in the protection 
filters during CAS. The variables were 
classified as patient characteristics, angi-
ographic characteristics, and equipment 
types. Each of three variable groups in-
cluded sex, age, ulcer, irregularity, ste-
nosis degree (categorical variable and 
continuous variable), stenosis length, 
stenosis location, coexistent thrombus, 
filter type, and stent type.

Patient characteristics, angiographic 
characteristics, and equipment types 
were summarized as a whole, as well as 
described specifically for subgroups by 
descriptive statistics. After descriptive 
analysis were performed, a Fisher’s ex-
act chi square test was used to compare 
categorical variables between groups, 
while a Student t-test was used to com-
pare continuous variables (age, stenosis 
degree) between groups. Continuous 
variables appeared as mean values with 
SDs and categorical variables as fre-
quencies with percentages.

Significant predictors for filling defect 
in the filter devices during CAS were 
identified by using univariate analysis. 
Significant predictors were included in 
a multivariate analysis to determine the 
most significant risk factors for filling 
defect in the filter devices during CAS.

Odds ratio (OR) for comparison of 
two groups was summarized with its 
95% confidence interval (CI) and p val-
ue using logistic regression. The multi-
variate model was created using a back-

Table 1. Baseline characteristics of the study populations (filling defect in the cerebral protection 
devices) 

Variables Total
Filling defect

p value
Yes No

All cases 107 (100.0) 33 (30.8) 74 (69.2)
Sex 0.496 
    Female 11 (10.7)   2 (18.2)   9 (81.8)
    Male 92 (89.3) 30 (32.6) 62 (67.4)
Age 0.097 
    Mean±SD 68.0±7.7 67.2±7.5 69.9±7.8
    Median (range) 68.0 (49-82) 66.0 (49-82) 71.5 (49-81)
Ulcer 0.002 
    No 79 (73.8) 18 (22.8) 61 (77.2)
    Yes 28 (26.2) 15 (53.6) 13 (46.4)
Irregularity 0.042 
    No 61 (57.0) 14 (23.0) 47 (77.0)
    Yes 46 (43.0) 19 (41.3) 27 (58.7)
Thrombus 0.001 
    No 95 (88.8) 24 (25.3) 71 (74.7)
    Yes 12 (11.2)   9 (75.0)   3 (25.0)
Stenosis location 0.783 
    Cervical 86 (80.4) 26 (30.2) 60 (69.8)
    Bulbar involved 21 (19.6)   7 (33.3) 14 (66.7)
Flow stagnation <0.001
    No 92 (86.0) 18 (19.6) 74 (80.4)
    Yes 15 (14.0)   15 (100.0)
Filter type 0.412 
    SPIDER 49 (45.8) 18 (36.7) 31 (63.3)
    Angioguard 35 (32.7) 10 (28.6) 25 (71.4)
    EZ 23 (21.5)   5 (21.7) 18 (78.3)
Stent type 0.735 
    Open cell 96 (89.7) 29 (30.2) 67 (69.8)
    Closed cell 11 (10.3)   4 (36.4)   7 (63.6)
Degree* 0.207 
    Near occlusion 13 (12.1)   7 (53.8)   6 (46.2)
    Severe 81 (75.7) 23 (28.4) 58 (71.6)
    Moderate 13 (12.1)   3 (23.1) 10 (76.9)
Degree 0.017 
    Mean±SD 79.2±10.3 77.7±10.1 82.7±9.8
    Median (range) 80.0 (53-99) 79.0 (53-99) 83.0 (59-99)
Length 0.594 
    Short 33 (30.8)   9 (27.3) 24 (72.7)
    Long 74 (69.2) 24 (32.4) 50 (67.6)

*Near occlusion : ≥95%; Severe : ≥70-<95%; Moderate : ≥30-<70%
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of 107 cases, 11.2%) had filling defect in 
the filter devices significantly more fre-
quently than did patients without 
thrombus (OR, 7.58; 95% CI : 1.69, 
34.05; p=0.08).

The relationship between patients and 
angiographic characteristics and flow 
stagnation during CAS were also ana-
lyzed on the uni- and multivariate analy-
sis (Table 4). Among several variables, 
angiographic surface ulceration was the 
only significant factor associated with 
flow stagnation during CAS. In multivar-
iate analysis, the patients with ulcerated 
plaque showed 4 times higher rate of 
flow stagnation during CAS (Table 5, 6). 

DISCUSSION

Although CEA has been the primary 
treatment option for carotid stenosis, 

CAS has now been highlighted as an alternative treatment be-
cause it is less invasive and it has larger capability for high risk 
patients than CEA. More recently, the Carotid Revasculariza-
tion Endarterectomy versus Stenting trial, did not reveal any 
significant difference between CAS and CEA among standard-
risk patients. However, cerebral embolization has remained ma-
jor drawback in CAS, which potentially can result in symptom 
of stroke8). 

The objective of this study was to identify angiographic char-
acteristics of carotid plaque that may affect plaque vulnerability, 
which was represented as filling defect in the cerebral protec-
tion filter during CAS, and we have shown that plaque surface 
morphology on angiography is strongly associated with plaque 
vulnerability. On the basis of univariate analysis, ulcer, stenosis 
degree (continuous variable), surface irregularity and coexistent 
thrombus were found to be statistically significant risk factors 
for filling defect in the filter devices during CAS. Multivariate 
analysis demonstrated that all of these variables were indepen-
dent risk factors except surface irregularity. 

Stenosis degree
We observed that increasing stenosis degree was associated 

with increased chance of filling defect in the protection filter. 
Previous experimental study has demonstrated a direct rela-
tionship between the risk macroembolization and degree of ste-
nosis in a carotid plaque model12). 

It showed that the severity of stenosis correlated with the num-
ber of embolic particles recovered after balloon angioplasty and 
stenting. Balloon angioplasty and stenting involve radial com-
pression and fracture of plaque to increase luminal diameter. 
Higher compression pressures are required to displace plaque 
within lesions with greater stenosis. It can be expected that a high 

equipment types were shown in Table 1. In all 107 protected 
CAS procedures, the filter device could be placed and at the 
end of the procedure retrieved successfully, and there was no 
procedure-related neurologic complication. 

During CAS, 33 cases showed filling defect in the protection 
filters (30.8%). The frequency of filling defect in the protection 
filters for each variable was shown in Table 1. Among several 
variables, only the degrees of carotid artery stenosis were ana-
lyzed by categorical and continuous variables. It was to evaluate 
a correlation between filling defect in the protection filters and 
continuous increase of stenosis (per one percentage).

Patient characteristics and angiographic characteristics were 
analyzed on the univariate analysis, except for stenosis degree 
by categorical variables and equipment types. In univariate anal-
ysis, ulcer, stenosis degree [continuous variable (%)], surface ir-
regularity and coexistent thrombus were found to be significant 
factors affecting filling defect in the filter devices (p<0.05) (Ta-
ble 2). Odds of causing filling defect was about 9 times higher 
among patients with thrombus than among patients without 
thrombus (OR=8.88, p=0.002). Age, stenosis length, and steno-
sis location were not significantly associated with the filling de-
fects in the protection filters.

In multivariate analysis, as shown in Table 3, ulcer, stenosis 
degree, and thrombus were selected as statistically significant 
factors associated with the filling defect in the filter devices. Pa-
tients with ulcerated carotid plaque (28 of 107 cases, 26.2%) had 
filling defect in the protection filters significantly more frequent-
ly than did patients without ulcerated plaque (OR, 6.60; 95% CI : 
2.24, 19.4; p=0.001). Patients with higher stenosis degree had 
filling defect in the protection filters significantly more frequent-
ly than did patients with lower stenosis degree (OR, 1.06; 95% 
CI : 1.00, 1.12; p=0.039). Patients with coexistent thrombus (12 

Table 2. Univariate analysis between variables and angiographic filling defect in the distal filter de-
vices during carotid artery stenting 

Variable OR 95% CI p value
Sex (male vs. female) 2.18   (0.44-10.71) 0.338 
Age (≥68* vs. <68) 1.92 (0.82-4.51) 0.135 
Ulcer (yes vs. no) 3.91 (1.57-9.71) 0.003 
Irregularity (yes vs. no) 2.36 (1.02-5.46) 0.044 
Thrombus (yes vs. no) 8.88   (2.22-35.50) 0.002 
Stenosis location (bulbar involved vs. cervical) 0.87 (0.31-2.40) 0.783 
Degree [continuous variable, (%)] 1.06 (1.01-1.10) 0.020 
Length (long vs. short) 0.78 (0.32-1.94) 0.594 

*Age was considered as categorical variable dichotomized by its median. OR : odds ratio, CI : confidence interval

Table 3. Multivariate analysis between variables and angiographic filling defect in the distal filter 
devices during carotid artery stenting 

Variable OR 95% CI p value
Ulcer (yes vs. no) 6.60   (2.24-19.44) 0.001 
Thrombus (yes vs. no) 7.58   (1.69-34.05) 0.008 
Degree (continuous variable) 1.06 (1.00-1.12) 0.039 

Multivariate analysis (probability modeled is group=‘Yes’), OR : odds ratio, CI : confidence interval
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compression pressure applied to severely 
stenosed plaque contributed to an in-
creased incidence of embolic particles. 
In addition, high blood flow velocity on 
stenotic plaque that is associated with a 
high proportion of hemorrhagic 
plaques1). High flow velocity induce 
shear stresses in the arterial wall as a re-
sult of the Bernoulli effect which lead to 
hemorrhage in the wall1,4,11). Therefore, a 
stenotic plaque may be a vulnerable. 

In our data, uni- and multivariate anal-
ysis the degree of carotid stenosis (con-
tinuous variables) was significant factor 
of showing filling defect during CAS. 

Thrombus
Coexistent thrombus of carotid plaque 

is associated with rupture or erosion of 
the lesion, and it is one feature of vul-
nerable plaque7,11). Any form of endo-
thelial denudation leads to activation of 
the coagulation system due to exposition 
of highly thrombogenic plaque consti-
tutents (lipids, tissue factor, collagens) 
to the blood stream7,11,18). 

This thrombus is prone to dislodge 
from plaque, and present as filling defect 
in the filter device because of guide wire 
passage, balloon and stent expansion. 
Clinically, carotid stenosis with intralu-
minal thrombus is also associated with a 
poor prognosis. In the North American 
Symptomatic Carotid Endarterectomy 
Trial, the 30-day risk of stroke or death 
for medically treated patients with clot 
was 10.7% versus 2.2% for patients with-
out clot19). Also, the risk of surgical or 
endovascular treatment has been con-
sidered higher than patients without in-
traluminal thrombus.

In our study, the presence of intralu-
minal thrombus showed the highest OR 
for filling defect in the filter device dur-
ing CAS. In the multivariate analysis the 
patients with intraluminal thrombus 
showed about 7.5 times higher rate of 
distal embolic events than the patients 
without intraluminal thrombus. 

Plaque ulceration 
Plaque ulceration on angiography was 

well-known powerful predictor of sub-

Table 4. Baseline characteristics of the study populations (flow stagnation)

Variables Total
Flow stagnation

p value
Yes No

All cases 107 (100.0) 15 (14.0) 92 (86.0)
Sex 1.000 
    Female 11 (10.7) 1 (9.1) 10 (90.9)
    Male 92 (89.3) 14 (15.2) 78 (84.8)
Age 0.548 
    Mean±SD 68.04±7.65 68.23±7.57 66.93±8.30
    Median (range) 68.0 (49-82) 68.0 (49-82) 66.0 (49-80)
Ulcer 0.022 
    No 79 (73.8) 7 (8.9) 72 (91.1)
    Yes 28 (26.2)   8 (28.6) 20 (71.4)
Irregularity 0.383 
    No 61 (57.0)   7 (11.5) 54 (88.5)
    Yes 46 (43.0)   8 (17.4) 38 (82.6)
Thrombus 0.675 
    No 95 (88.8) 13 (13.7) 82 (86.3)
    Yes 12 (11.2)   2 (16.7) 10 (83.3)
Stenosis location 0.488 
    Cervical 86 (80.4) 11 (12.8) 75 (87.2)
    Bulbar involved 21 (19.6)   4 (19.0) 17 (81.0)
Filter type 0.037 
    SPIDER 49 (45.8) 3 (6.1) 46 (93.9)
    Angioguard 35 (32.7)   9 (25.7) 26 (74.3)
    EZ 23 (21.5)   3 (13.0) 20 (87.0)
Stent type 0.157 
    Open cell 96 (89.7) 15 (15.6) 81 (84.4)
    Closed cell 11 (10.3)   11 (100.0)
Degree* 0.902 
    Near occlusion 13 (12.1)   2 (15.4) 11 (84.6)
    Severe 81 (75.7) 12 (14.8) 69 (85.2)
    Moderate 13 (12.1) 1 (7.7) 12 (92.3)
Degree 0.652 
    Mean±SD 79.22±10.26 79.04±10.38 80.33±9.75
    Median (range) 80.0 (53-99) 80.0 (53-99) 80.0 (59-97)
Length 0.773 
    Short 33 (30.8)   5 (15.2) 28 (84.8)
    Long 74 (69.2) 10 (13.5) 64 (86.5)

*Near occlusion : ≥95%; Severe : ≥70-<95%; Moderate : ≥30-<70%

Table 5. Univariate analysis between variables and angiographic flow stagnation during carotid 
artery stenting 

Variable OR 95% CI p value
Sex (male vs. female) 1.80   (0.21-15.15) 0.591 
Age (≥68* vs. <68) 0.58 (0.19-1.77) 0.341 
Ulcer (yes vs. no) 4.11   (1.33-12.72) 0.014 
Irregularity (yes vs. no) 1.62 (0.54-4.86) 0.386 
Thrombus (yes vs. no) 1.26 (0.25-6.42) 0.780 
Stenosis location (bulbar involved vs. cervical) 0.62 (0.18-2.20) 0.462 
Degree [continuous variable, (%)] 1.01 (0.96-1.07) 0.649 
Length (long vs. short) 1.14 (0.36-3.65) 0.822 

*Age was considered as categorical variable dichotomized by its median. OR : odds ratio, CI : confidence interval
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ysis, we have analyzed 11 variables to 
evaluate predictable factors for the vul-
nerable carotid atherosclerotic plaque, 
which was filling defect in the cerebral 
protection filters during CAS. The in-
dependent risk factors for filling defect 

in the filter devices during CAS were plaque ulceration, stenosis 
degree, and coexistent thrombus. 
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sequent stroke3,17). 
Lovett et al.6) described ulcerated plaque had higher OR for 

definite plaque rupture, large lipid core, less fibrous tissue and 
intraplaque hemorrhage than smooth plaque in their histologi-
cal evaluation of carotid plaque surface morphology on angiog-
raphy. And plaque ulceration had strongest association with 
overall plaque instability.

In our study, the presence of ulceration of stenotic lesion on 
angiography has shown to be a strong independent predictor of 
distal embolic event. Furthermore, in uni- and multivariate anal-
ysis, ulceration was unique independent factor which made 
flow stagnation during CAS. In the multivariate analysis, the 
patients with plaque ulceration showed 4 times higher rate of 
flow stagnation during CAS than the patients without plaque 
ulceration. It means plaque ulceration is not only simply associ-
ated with distal embolic event but also associated with large 
amount of emboli which can make flow stagnation during CAS. 
This result shows the patients with carotid plaque ulceration 
have higher risk of macroembolic complication and once more 
explain why the plaque ulceration is such a powerful predictor 
of ipsilateral stroke in the patients suffer from carotid stenosis. 

In the previous studies, some authors reported longer lesions 
and the stenosis involved carotid bulb were risk factors for 
thromboembolic complications during CAS5,9,15). Longer lesions 
have a larger atherosclerotic “plaque burden” and carry a risk of 
dislodging embolic particles during the procedure. The reason 
for the increased thromboembolic complications with carotid 
bulb lesions are possible that carotid bulb lesions simply more 
difficult to initially engage with a guide wire compared with more 
distal lesions, and as a result have an increased risk of triggering 
embolic event. In our study, stenosis length and location were 
not statistically significant factors of filling defect in the protec-
tion filter. 

This study had some limitation. First, the applicability of this 
result to standard-risk patients is not definitive because the event 
of distal embolization may vary not only according to carotid 
plaque characteristics but also patient’s medical and anatomic 
risk. A second potential limitation of this study is that all the ca-
rotid plaques included in our study were from selected patients 
were only limited CAS cases. Therefore, although it seems likely 
that the associations between angiographic surface morphology 
and plaque instability exists, our result are directly applicable 
only to the patients of CAS. 

CONCLUSION

In conclusion, with the use of univariate and multivariate anal-

Table 6. Multivariate analysis between variables and angiographic flow stagnation during carotid 
artery stenting

Variable OR 95% CI p value
Ulcer (yes vs. no) 4.11 (1.33-12.72) 0.014 

OR : odds ratio, CI : confidence interval
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