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Asymptomatic Cerebral Emboli Following
Carotid Artery Stenting: A Diffusion-Weighted
MRI Study

ABSTRACT

Background: Silent cranial embolism due to carotid artery stenting has been demon-
strated to cause dementia, cognitive decline, and even ischemic stroke. The purpose of
this study was to compare the periprocedural asymptomatic cranial embolism rates of
different stent designs used for extracranial carotid stenosis with diffusion-weighted
magnetic resonance imaging.

Methods: A total of 507 consecutive patients who underwent carotid artery stenting at
our center from December 2010 to June 2020 (mean age, 66.4 + 9.5) were analyzed ret-
rospectively. The patients were divided into 3 groups as open-cell stent (334 patients),
closed-cell stent (102 patients), and hybrid-cell stent (71 patients) groups. Diffusion-
weighted magnetic resonance imaging was performed for the patients before and after
carotid artery stenting and compared. The diffusion limitations of 3 stent groups on cra-
nial diffusion-weighted magnetic resonance imaging were compared with one another.

Results: Periprocedural asymptomatic same-side microembolism, which was the primary
endpoint of our study, was detected in 58 (17.4%) patients in the open-cell stent group,
6 (5.9%) patients in the closed-cell group, and 8 (11.3%) patients in the hybrid cell group,
and overall in 72 (14.2%) patients. On diffusion-weighted magnetic resonance imaging,
periprocedural asymptomatic same-side cranial embolism was found to be statistically
significantly higher in the open-cell group compared to the other two groups (P=.011).

Conclusions: The result of this study showed us that the rate of same-side cranial embo-
lism detected on cranial diffusion-weighted magnetic resonance imaging after carotid
artery stenting performed with open-cell stent was higher than those of the carotid
artery stenting procedure performed with closed-cell and hybrid-cell stents.
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INTRODUCTION

Carotid artery stenting (CAS), which is a less invasive method, is an alternative
treatment method to carotid artery endarterectomy (CEA)." The most important
complications ofcarotid artery stenting include new ischemic cerebral lesions
associated with distal embolization and neurological symptoms.? In CAS proce-
dures, the use of embolism protection devices (EPD) decreases the incidence of
new cranial ischemic lesions caused by the procedure as detected on diffusion-
weighted magnetic resonance imaging (DW-MRI).* Therefore, cerebral EPD is
absolutely recommended to be used during CAS procedures.*

New ischemic cerebral lesions due to distal emboli that occur during CAS per-
formed under the guidance of EPD may develop due to several factors. These
factors include clinical status of patients, their vasculature, type of aortic arch,
devices used (balloon, stent, catheter, etc.), experience of operators, plaque
morphology, etc.® Therefore, the selection of patients, lesions, and appropri-
ate materials play an important role to decrease the incidence of distal emboli
associated with CAS. Periprocedural cranial embolisms associated with CAS are
often asymptomatic. Itis critical to assess patients who are at high risk of cerebral
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embolism due to CAS with cranial DW-MRI, which is a sensi-
tive method for the diagnosis of embolism.*

Studies on CAS devices investigated different stent designs.
Stent designs are categorized according to strutinterconnec-
tions: larger free cell area with fewer interconnections (open
cell) versus smaller free cell area with more interconnections
(closed cell). Open-cell stents have a more flexible design,
while better plaque coverage can be achieved with closed-
cellstents. Hybrid stents merge both designs and theoretically
combine the benefits of each in one design. Guidelines, how-
ever, do not provide conclusive recommendations.” Clinical
outcomes, the occurrence of new MR-DW!I lesions, or reste-
nosis associated with carotid stent design are still contro-
versial.® The purpose of this study was to retrospectively
compare the periprocedural asymptomatic cranial embolism
rates of different stent designs used to treat symptomatic or
asymptomatic extracranial carotid stenosis through DW-MRI.

METHODS

We obtained the approval of the Ethics Board of our facil-
ity for this study (no. 2020-183). We included the data of
507 consecutive patients (mean age, 66.4 + 9.5) who were
admitted to our center from December 2010 to June 2020
and for whom CAS was decided after consulting the mul-
tidisciplinary carotid committee consisting of neurology,
cardiology, cardiovascular surgery, and radiology clinics.
Symptomatic patient was defined as having a history of
ischemic cerebrovascular disease with or without any
sequelae, transient ischemic attack (TIA), and amauro-
sis fugax within the last 6 months. The evaluation included
patients who were symptomatic with more than 50% ste-
nosis in digital subtraction angiography (DSA) according to
North American Symptomatic Carotid Endarterectomy Trial
(NASCET) formula and those who were asymptomatic with
more than 80% stenosis. All patients who had a glomeru-
lar filtration rate greater than 60 mL/min/1.73 m” under-
went computed tomography angiography for the carotid
after Doppler ultrasonography. The multidisciplinary team
decided on medical follow-up, CAS, or CEA depending on
the clinical features, comorbidities, and characteristics
of carotid artery lesions of the patients. Table 1 shows the
inclusion and exclusion criteriain our study.

Preparation of Patients for Carotid Artery Stenting
Patients were informed about the details of CAS and
signed informed consent forms. Antihypertensive,

HIGHLIGHTS

¢ Silent cranial embolism due to carotid artery stenting
(CAS) has been demonstrated to cause dementia and
even ischemic stroke.

e The rate of same-side cranial embolism detected on
cranial diffusion-weighted magnetic resonance imag-
ing after CAS performed with open-cell stent was
higher than those of the CAS procedure performed with
closed-cell and hybrid-cell stents.
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Table 1. Inclusion and Exclusion Criteria

Inclusion criteria

e Symptomatic ICA stenosis >50% on DSA;

e Asymptomatic ICA stenosis >80% on DSA;

e The ipsilateral external carotid artery is not totally
occluded;

e Patentcontralateral ICA;

e A complete circle of Willis (assessed by CTA);

e Filter able to pass through the lesion without the need
for predilation (assessed by CTA);

e Presence of adequate landing zone for the filter (4 cm)
(assessed by CTA);

e Informed consent form for the procedure signed by
patients.

Exclusion criteria

e Patients who are symptomatic after CAS (21 patients);

e Periproceduralhaemodynamicinstability (>10 minutes)
(16 patients);

e DistalICA spasm (12 patients);

e >30%residual stenosis (11 patients);

e Procedure time >45 minutes (10 patients);

e Diffusion limitation in the watershed area of the col-
lateral carotid artery on cranial DW-MRI after CAS,
bilateral diffusion limitation, and watershed diffusion
limitation (24 patients);

e Need forrepeated pre/postdilation (9 patients);

e Balloon dilation under an atmosphere pressure 20%
greater than the nominal balloon pressure (5 patients);

e CEA restenosis, history of radiotherapy, routine use of
anticoagulants (34 patients);

e Tiplllaortic arch (84 patients);

e Ischemic stroke inthe past 48 hours (14 patients);

e Poorimage quality of cranial DWMRI, contraindication
for DWMRI (pacemaker, claustrophobia) (21 patients.)

CAS, carotid artery stenting; CEA, carotid endarterectomy; CTA, com-
puted tomography angiography; DSA, digital subtraction angiography;
ICA, internal carotid artery; DWMRI, diffusion-weighted magnetic res-
onance imaging.

antihyperlipidemic, and antiplatelet medications that the
patients had been taking were regulated. The procedure
was initiated after blood pressure was regulated below
135/80 mm Hg. It was ensured that patients had been receiv-
ing dual antiplatelet treatments composed of 100 mg of
acetylsalicylic acid (ASA) and 75 mg of clopidogrel for at
least 7 days. Otherwise, additional loading (ASA 300 mg and
clopidogrel 600 mg) and maintenance antiplatelet treat-
ments were planned. On the morning of the procedure,
platelet aggregation test was performed on all patients.
Venous blood resistance tests were performed for both anti-
platelet agents. We used the PFA-100 test to evaluate plate-
let aggregation in our patients. Off-label, if there was only
resistance to clopidogrel, CAS was performed with a 90-mg
loading dose of 2 tablets and a two-by-one maintenance
dose of ticagrelor. However, if there was resistance to both
antiplatelet agents, CAS was not performed, and CEA was
recommended for these patients.
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Carotid Artery Stenting Procedure

All procedures were performed by 2 specialists, one an
invasive cardiologist and the other an interventional vas-
cular neurologist. They were performed under local anes-
thesia via percutaneous transfemoral route. Throughout
the procedure, oxygen saturation, electrocardiographic, and
blood pressure of the patients were monitored. The proce-
dure was initiated using a femoral 8 french (F) sheath. A 9F
sheath was used if proximal protection was preferred as an
embolism protection method. After inserting the sheath,
all patients received 75 IU/kg unfractionated heparin. 5F
hydrophilic head hunter or Simson 1,2 diagnostic catheter
was preferred according to the type of aortic arch of the
patients evaluated by the committee. Carotid artery stent-
ing was performed with the anchor method in most of the
patients. The telescopic method was used in only a very few
patients. Following bilateral carotid and cererbral DSAs, it
was decided as to which embolism protection method to be
used, balloon and stent diameters, and whether to perform
pre or postdilation. The stent design was not selected due to
the lesion or vascular structure. The stent design that was
available and actively used was then inserted into the ste-
notic carotid artery. For predilation, 3.0-5.0 Xx 20 mm balloons
(Invader; Alvimedica, Simpass; Simeks) were used. For post-
dilation, 5.0-5.5 x 20 mm balloons (Viatrac; Guidant) were
preferred. The balloon diameter for predilation was calcu-
lated as around 1 mm smaller than the diameter of the distal
intact ICA. It was decided not to perform postdilation if the
residual stenosis was <30% after stenting. Tapered stents
were used for all patients. Self-expandable stent diameter
was planned to be 20% larger than the digitally measured
diameter of the carotid artery. The stent designs used at
our clinic to date are closed-cell stent; XAct carotid stent
(Abbott), open-cell stents; Sinnus-carotid-conical RX stent
(Optimed), RX Acculink stent (Abbott), protege RX stent;
(Ev3), hybrid-cell stent; Cristallo ideale SE stent (Invatec).
Proximal blockage system was preferred as EPD (Mo.MA®)
if the carotid artery stenosis was symptomatic and >90%, if
the collateral carotid artery was not totally occluded, if the
cranial collateral circulation is not sufficient, ICAs was tor-
tuous after bulbous, if the lesion was ulcerated, and if the
carotid artery was thrombosed. For the other lesions, dis-
tal protection method [filter (Emboshield, Filterwire, Spider
FX)] was used. An intravenous dose of 1 mg atropine was
administered in patients with heart rates <60/min before
carotid ballooning, and in other patients if their heart rate
went below <60/min after ballooning or stenting. Bilateral
cerebral DSA images were taken and compared to pre-CAS
images to ensure whether there was post-CAS distal embo-
lization due to the procedure, and patients who did not have
coronary artery angiography (CAG) had CAG after CAS.

Post-Carotid Artery Stenting Follow-up

The hemodynamic and clinical parameters of all patients
were followed up after the CAS procedure at the coronary
intensive care unit for 24 hours. Cranial DW-MRI was per-
formed to observe possible asymptomatic cranial microem-
bolisms in patients 3-7 days before and 12-24 hours after the
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cranial

Figure 1. Postinterventional
magnetic resonance imaging (A) shows an anterior cerebral
artery territory with a high signal intensity lesion (arrow). On
apparent diffusion coefficient (ADC) map (B), the lesion
shows low signal intensity (arrow) indicating its acute nature.

diffusion-weighted

CAS procedure (Figure 1). Routine cardiac enzyme testing
was not performed. Patients were followed up for 24 hours
after the procedure by a vascular neurologist for minor and
major neurological complications. On discharge, dual anti-
platelet and statin therapy was prescribed for all patients
[if low-density lipoprotein (LDL) was >70 mg/dL]. Dual
antiplatelet therapy was continued for 6-12 months if the
patients did not have other specific conditions.

DW-MRI

Cerebral DW-MRI images were obtained using a 1.5 or a 3.0
Tesla Magnetom Sonata (Siemens, Erlangen, Germany). The
pre and post-CAS cranial DW-MRI images were analyzed
by an independent neurologist (E.S.G). Echo-planar imag-
ing was performed and the following parameters were used:
repetition time 3000 ms, echo time 84 ms, 19 slices with a
slice thickness of 6 mm, field of view 230 mm, diffusion val-
ues b=0, 500, 1000 s/mm?, fat-saturation, time of acquisi-
tion 71 seconds. Additionally, apparent diffusion coefficient
maps were obtained. A new lesion was defined as a focal
hyperintense area detected by the fluid-attenuated inver-
sion recovery sequence, corresponding to a restricted dif-
fusion signal in the diffusion-weighted imaging sequence,
confirmed by apparent diffusion coefficient mapping to rule
out ashine-through artifact.

Statistical Analyses

All statistical analyses (sensitivity, specificity, negative pre-
dictive value, and positive predictive value) were performed
on MedCalc Statistical Software version v19.4.1 (MedCalc
Software, Ostend, Belgium) and Statistical Package for the
Social Sciences 25.0 (Armonk, NY: IBM Corp.). Patients' data
were expressed as mean + standard deviation for distributed
data and percentage for categorical variables. Shapiro—
Wilk test was used for the normally distributed continuous
variables. To compare continuous measurements between
the groups, one-way analysis of variance (with Bonferroni
correction) was used for the normally distributed param-
eters and Kruskal—Wallis test (with Dunn'’s posthoc test post
hoc analysis) was used for those that were not normally dis-
tributed. To analyze the categorical variables, Pearson’s chi-
square test was used if <20% of cells had expected values of
<5. Fisher's exact test or Monte Carlo exact test was used if
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>20% of cells had expected values of <5. P < .05 was consid-
ered to be statistically significant.

RESULTS

The baseline and procedural characteristics of all groups
were similar (Table 2). The percentage of the patients
in the open-cell group who took statins was higher
than those of the other groups. The rate of statin use
was 93.7% in the open-cell stent group and 90.2% in the
closed-cell stent group, while it was 80.3% in the hybrid-
cell group. This difference between the groups was sta-
tistically significant (P=.001). However, there was no
statistically significant difference between the LDL levels of
the patients.

Periprocedural asymptomatic same-side cranial micro-
embolism was detected in 58 (17.4%) patients in the open-
cell group, 6 (59%) patients in the closed-cell group,
and 8 (11.3%) in the hybrid-cell group, while overall in 72
(14.2%) patients across all groups. On cranial DWI-MRI,
periprocedural asymptomatic same-side cranial embo-
lism was detected more in the open-cell group than in
the other 2 groups, which was statistically significant
(P=.011) (Table 3).

Ko&kll et al. Periprocedural Asymptomatic Cranial Embolism Rates Vary Carotid Stents

DISCUSSION

In this study, periprocedural same-side cranial microembo-
lism rates of different stent designs after the CAS procedure
performed for symptomatic or asymptomatic severe carotid
artery stenosis were compared retrospectively with cranial
DW-MRI findings. The findings of this study demonstrated
that open-cell stent design led to a higher rate of periproce-
dural asymptomatic same-side microembolism compared to
the closed-cell and hybrid-cell stent designs.

Despite large-scale randomized trials, the safety of CAS
is still controversial.’ Post-CAS stroke and TIA are rare
complications observed at high-volume and experienced
centers.” Symptomatic or asymptomatic periprocedural
cranial embolism is one of the most important limitations
of CAS."2 Silent cranial embolism due to CAS was demon-
strated to cause dementia, cognitive decline,™ and even
ischemic stroke in the subsequent years.™

Diffusion-weighted magnetic resonance imaging is a very
sensitive method to detect cranial lesions that develop dur-
ing CAS.%" The rate of silent cranial embolism due to CAS
detected on DW-MRI was reported to be up to 70% in some

Table 2. Clinical and Procedural Characteristics of Open-Cell, Closed-Cell, and Hybrid-Cell Groups

Open-Cell Group

Closed-Cell Group Hybrid-Cell Group

Variable (n=334) (n=102) (n=71) P
Age, years +SD 66.26 +9.7 671+9.0 66.3+91 728
Male, n (%) 265 (79.3) 72(70.6) 52(73.2) 141
Hypertension, n (%) 250 (74.9) 72(70.6) 50(70.4) .579
Diabetes mellitus, n (%) 141(42.2) 40 (39.2) 23(32.4) .301
Coronary artery disease, n(%) 242 (73.3) 73(71.6) 46 (64.8) .430
Peripheral artery disease, n (%) 14 (4.2) 8(7.8) 3(4.2) .315
Smoking, n (%) 125 (37.4) 34 (33.3) 19 (26.8) 212
Chronic renal failure, n (%)* 9(2.7) 3(2.9) 1(1.4) .516
Symptomatic ICA stenosis, n (%) 168 (50.2) 50 (49.0) 36 (50.7) 786
LDL, mg/dL 106.0 (77.7-136.0) 109.0 (87.5-134.0) 117.0 (89.0-140.0) .21
Statin, n (%) 313(93.7) 92(90.2) 57 (80.3) .001
Drug Resistance, n (%)** 299 (89.5) 94 (92.2) 65 (91.5) 170
Absent 7(27) 0.0 (0.0) 0.0 (0.0)

ASA 28(7.8) 8(7.8) 6(8.5)

Clopidogrel

Stentlength, n (%) 150 (44.9) 56 (54.9) 31(43.7) 178
30 mm 184 (55.) 46 (457) 40 (56.3)

40 mm

Filter / MoMA, n (%) 22 (6.6) 4(3.9) 4 (5.6) .806
Unprotected 130 (38.9) 38(37.3) 30 (42.3)

MOMA 182 (54.5) 60 (58.8) 37(521)

Filter

Predilation, n (%) 215 (64.4) 62(60.8) 52(73.2) 227
Plaque, n (%) 132 (39.5) 40 (39.2) 26 (36.6) 771
Soft 145 (43.4) 48 (471) 30 (42.3)

Mix 29 (8.7) 7(6.9) 10 (14.)

Calcified 28(8.4) 7(6.9) 5(7.0)

Ulcerated

*Fisher exact test; **Monte Carlo exact test. ASA, acetylsalicylic acid; DSA, digital subtraction angiography; ICA, internal carotid artery; LDL, low-

density lipoprotein; SD, standard deviation.
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Table 3. Periprocedural Same-Side Cranial Microembolism Results of All Groups Detected on Cranial DWI-MRI

Closed-Cell Group, Hybrid-Cell Group, Total, P
Open-Cell Group, n (%) n (%) n (%) n (%)
Microemboli absent 276 (82.6) 96 (94.) 63(88.7) 435 (85.8) .0n
Microemboli present 58 (17.4) 6(5.9) 8 (11.3) 72(14.2)
Total 334 102 71 507 (100)

DW-MRI, diffusion-weighted magnetic resonance imaging.

series and™ 30% of these embolic events are observed in the
contralateral hemisphere.” Unless an embolism protection
methodis used (unprotected), the rate of cranial embolism is
45%, which can be reduced to 33% using an embolism protec-
tion method.?®

There is a need to find the cause of silent cranial embolism,
which is still common and clinically significant in protected
CAS procedures, and reduce the prevalence of embolism. A
study using DW-MRI showed that age, hypertension, lesion
eccentricity, and type lll aortic arch caused cerebral ischemic
lesion due to the CAS.> Xu et al® demonstrated in a study
they conducted in 2020 that diabetes mellitus, ipsilateral
calcified plaque, ulcerated plaque, predilation, and use of
open-cell stent were independent risk factors for silent cra-
nial lesions during CAS.™®

Some variables in CAS may increase the risk of embolism in
the brain tissue fed by the stented carotid artery and some
others may increase the risk of bilateral cranial embolism.
Long-term periprocedural hemodynamic instability may
lead to bilateral cranial embolism, especially watershed
infarcts. Type Ill aortic arch, severely atherosclerotic and
calcified aortic arch, inappropriate catheter use prolong
the procedure time and increase the risk of bilateral embo-
lism."” Severely tortuous carotid artery, severe ICA spasm,
complex carotid plaques (long, ulcerated, thrombotic
plaques), and use of inappropriate antiplateletsincrease the
risk of embolism on the same side with the stent. In our study,
in order to clearly determine the risk of stent designs that
cause cranial embolism, we determined several exclusion
criteria such as hemodynamic instability during the proce-
dure, difficult and risky aortic arch, severely tortuous carotid
arteries, severely ulcerated, thrombosed, and severely calci-
fied circular carotid artery plaques, watershed infarcts, and
history of repeated ballooning. The goal was to detect the
emboliinthe brainfed by thestented arteryinamoreisolated
way and find more significant associations between these
emboli and the stent designs. Our study is different from
others as statin was initiated for most of the patients before
CAS and dual antiplatelet therapy was adjusted according
to the antiplatelet resistance test results. Multidisciplinary
committeeiscrucialtoselecttherightpatients, rightlesions,
and right procedure. All CAS procedures decided by the mul-
tidisciplinary committee were performed by the same spe-
cialists with the same method using similar materials, which
is considered to have kept the procedure-associated cranial
embolism rate at a very low level (14.2%) and increased the
reliability of our results.

s 302

The most important step in CAS to decrease cranial embo-
lism is to use an embolism protection device. Most of the
studies investigating cranial embolism with DW-MRI used
the distal protection method. Contrary to other stud-
ies, we used the proximal blockage method for embolism
protection in 39% of the study group. Before the proximal
blockage system was preferred, intracranial blood circula-
tion was evaluated and balloon intolerance test was per-
formed. Prevention of Cerebral Embolization by Proximal
Balloon Occlusion Compared to Filter Protection During
Carotid Artery Stenting (PROFI) trial demonstrated that
proximal blockage system was more advantageous than
the distal protection method to reduce cranial embolism in
CAS." If filters are smaller than the diameter of the vessel,
distal particle embolization may occur between the ves-
sel wall and filter. If it is larger than the vessel diameter, it
may lead to spasm in the distal carotid artery. Filters cannot
hold particles that are smaller than the pore sizes. Besides,
they may also pour back their content if the technique is not
applied properly while retracting the filters. All the above-
mentioned factors may lead to diffusion limitation in the
brain tissue on the distal side of the stented artery. Such
a filter-related risk can be minimized at high-volume and
experienced centers.

As the self-expandable carotid stent design is modified, its
mechanical features also change.?® Anideal stent should be
able to cross tortuous and hard plaques, have good cover-
age of plaques, and have fewer embolic and restenosis com-
plications. A self-expandable carotid stent with all these
properties has not been developed yet, though. There are
sequential aligned annular rings interconnected by bridges
in stents. According to the density of the bridges between
different rings, nitinol stents can be classified into stents
with a closed-cell or an open-cell configuration.? Hybrid-
cell design is another one that has open-cell design at
the proximal and distal ends of the stent and closed-cell
design at the middle. All available stent designs have vary-
ing degrees of stiffness, radial force, flexibility, adaptabil-
ity, conformity to the vessel wall, and scaffolding effect
to reduce plaque prolapse and embolization.?? Carotid
stents’ strut structure and connections between struts
influence their rates of periprocedural cerebral emboliza-
tion rates.”™ Studies demonstrated that closed-cell stents
were apparently more advantageous than open-cell stents
in plague coverage and consecutively cerebral emboliza-
tion, whereas the lack of flexibility in tortuous vessel anat-
omy is their main disadvantage.?® No matter which stent
designis used, similar results are obtained in 75% of patients
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undergoing CAS. The problems observed in the remaining
25% are estimated to be solved through a careful preopera-
tive assessment.”

In a study conducted by Park et al** in 2013, the rate of new
ischemic lesions detected by cranial DW-MRI after CAS per-
formed with open-cell stent design was found to be signifi-
cantly higher than thatin those procedures performed with
closed-cell stent design. Observational studies comparing
the open-cell and closed-cell stent designs found fewer
neurological complications in the closed-cell groups (3.4%
vs. 1.3%). As the space between stent struts increases, the
risk of late neurologic events also rises. The risk of late neu-
rologic events in those with free cell areas of <2.5 mm? and
thosewithfreecellareasof >7.5mm?is1.2%and 3.4%, respec-
tively (P < .05). Moreover, the risk of stroke/mortality/TIA
within 30 days after CAS with open-cell design was found
to be 4 times higher than in closed-cell design (odds ratio,
41;95% Cl, 1.4-12; P=.0136).% In a study conducted by G. De
Donato et al? on carotid stent designs using optical coher-
ence tomography reported that stent malapposition was
higher in closed-cell stents than in both open and hybrid
cell designs, while plaque prolapse was higher in open-cell
design than in the closed and hybrid cell designs.?” One of
the most common complications of closed-cell stents is
vasospasm at the distal side of the carotid artery, leading to
slow flow.28

The only statistically significant difference between the
study groups was that the rate of statin use was higherin the
open-cell stent group than in the other groups. We do not
think, however, that this difference between the groupshad a
negative effect on the result of the study as the use of statins
does not prevent plaque stabilization and embolic outcomes.

Limitations of Study

Our study had certain limitations. It was a non-randomized,
retrospective, single-center study. In this study, 3 different
open-cellstents were used, ratherthanone type, inthe open-
cell group and the only difference between these stents was
the diameter of the space between the struts. Patients who
hadpost-CASspasmintheircarotidarterieswerenotincluded
in the study. As aresult, the negative effect of the closed-cell
group that causes vasospasm might be excluded from the
assessment and thus the results might be influenced in favor
of the closed-cell stent design. Periprocedural > 10 minutes
hemodynamic instability was an exclusion criterion in our
study. Due to this criterion, hypotension, bradycardia, and
cerebral hypoperfusion effect of the closed-cell stent due
to the carotid baroreceptor pressure could not be assessed.
However, hypotension due to baroreceptor pressure usually
leads to bilateral cranial hypoperfusion.

CONCLUSIONS

Open-cell carotid stents used to treat symptomatic or
asymptomatic carotid stenosis cause more periprocedural
asymptomatic ipsilateral cranial embolism than closed-
cell or hybrid cell carotid stents. There is a need for further
prospective, multi-center studies with a higher number of
patients on this matter.
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