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BACKGROUND AND PURPOSE: The use of cerebral protection during CAS is an extended practice.
Paradoxically it is open to question because it can lead to potential embolic complications. The aim of
this study was to evaluate the safety and efficacy of CASWPD in patients with severe symptomatic
carotid artery stenosis.

MATERIALS AND METHODS: A prospective study was performed including 210 consecutive patients
(201 symptomatic and 9 asymptomatic) with carotid artery stenosis �70%. All patients were treated
by CASWPD. Angiographic results and neurologic complications were recorded during the procedure
and within 30 days after it. All patients underwent clinical evaluation and Doppler sonography follow-up
at 3, 6, and 12 months after the procedure.

RESULTS: Two hundred twenty carotid arteries were treated. The average degree of stenosis was
88.9%. The procedure was successfully completed in 212 (96.4%) arteries. After stent placement,
98.6% of arteries showed no residual stenosis or �30%. Balloon angioplasty dilation before stent
placement was performed in 16% of cases. During the 30-day periprocedural period, there were 3
major complications (1.4%), including 1 disabling ischemic stroke, 1 acute stent thrombosis, and 1 MI.
The last 2 patients died from these complications. At 1-year follow-up 24 (12.8%) restenoses, 2 new
ipsilateral strokes, 1 contralateral stroke, and 5 deaths (2.7%) had occurred. None of these deaths
were related to the initial stroke.

CONCLUSIONS: In our study, unprotected stent placement in symptomatic patients with severe
carotid artery stenosis has demonstrated a low incidence of complications. We believe that this is due
to the reduction of maneuvering and manipulation through the stenosis and to the protective effect of
the stent placement before angioplasty balloon dilation.

ABBREVIATIONS: CAS � carotid artery stent placement; CEA � carotid endarterectomy; CASWPD
� carotid artery stent placement without distal protection device; CAVATAS � Carotid and
Vertebral Artery Transluminal Angioplasty Study; MI � myocardial infarction; SPACE � Stent
Protected Angioplasty versus Carotid Endarterectomy study

In the early 1990s, the NASCET and European Carotid Sur-
gery Trials established CEA as the first-choice treatment for

symptomatic carotid artery stenosis �70%.1,2 Ten years later,
the first randomized trial comparing surgical-versus-endovas-
cular treatment, CAVATAS, was published.3 The results of this
study showed no significant difference between procedures,
though in the endovascular therapy group, 80% of patients
were treated by angioplasty and only 20%, by stent placement.
Since then, several randomized trials have unsuccessfully as-
sessed the noninferiority of CAS versus CEA.4-7 Despite this
outcome, CAS has been established as an alternative to CEA.

The most feared complication of the stent placement tech-
nique is embolism caused by atherosclerotic plaque dislodg-
ment during the procedure. Several cerebral protection de-
vices have been developed to avoid or reduce the risk of
periprocedural complications. Nowadays, the use of these sys-

tems has widely increased, and it is recommended as a good
practice. Many reviews and meta-analyses have shown that the
combined rate of stroke and death is lower in patients treated
by CAS and protection devices than those treated by
CASWPD.8,9 However, in past years, a discussion has emerged
regarding the use of distal protection devices during CAS. A
subanalysis of data from the SPACE trial has shown other
results that did not support the need for protection devices.10

On the other hand, several uncontrolled reports have shown
excellent results in patients treated by unprotected stent place-
ment techniques.11-15

We performed a study to assess the safety and efficacy of
unprotected CAS. The aim of this study was to establish the
cumulative incidence of stroke, death, or myocardial infarc-
tion within 30 days after the procedure and at 1-year
follow-up.

Materials and Methods
All patients with symptomatic severe carotid artery stenosis treated at

our center between January 2002 and January 2011 were prospectively

included in our study.

Inclusion criteria were the following: age �18 years, with no up-

per limit; symptomatic patients with a �70% atherosclerotic stenosis
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diología, Servicio de Radiodiagnóstico, Hospital Universitario Reina Sofía, Menéndez Pidal
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demonstrated by angiography, according to NASCET criteria; symp-

tomatic patients with a 50%–70% stenosis despite antiplatelet ther-

apy; and asymptomatic patients with progressive �70% stenosis and

contralateral carotid occlusion.

Exclusion criteria were the following: intracranial hemorrhage or

major surgery within 30 days before the procedure, uncontrolled ar-

terial hypertension, uncontrolled coagulopathy, contraindications to

heparin or antiplatelet therapy, lack of percutaneous vascular access,

and stenosis secondary to radiation therapy.

A baseline CT scan was performed in all patients. If an acute isch-

emic infarction was detected on CT, stent placement was delayed at

least 21 days after the clinical event to avoid bleeding complications.

Carotid artery stenosis was initially diagnosed by Doppler sonog-

raphy. MR angiography, including 3D gradient-echo and contrast-

enhanced T1 sequences, was performed whenever possible. Doppler

criterion for �70% stenosis was a peak systolic velocity of �230

cm/s.16,17 Stenosis degree was confirmed by angiography in all cases.

Stenosis degree was established by the NASCET criteria in both an-

giography and MR angiography.

Preparation
All patients agreed and signed the informed consent according to our

protocol. Patients received antiplatelet therapy with clopidogrel (75

mg per day) and aspirin (100 mg per day) at least 4 days before the

procedure. When this was not possible, they received a loading dose of

clopidogrel (300 mg) and aspirin (300 mg) the day of the procedure.

Procedure
Angiography was performed with the patient under local anesthesia

through a femoral or brachial approach by using a 5F diagnosis cath-

eter. Location, length, and degree of stenosis; plaque characteristic;

flow compensation through the circle of Willis or pial branches; and

the presence of anastomoses between the internal and external carotid

arteries were evaluated. After the intravenous heparin bolus admin-

istration of 5000 IU, a 90-cm 6F introducer sheath (Super Arrow-Flex

percutaneous sheath; Arrow International, Cleveland, Ohio) was ad-

vanced into the distal common carotid artery over an exchange guide-

wire placed in the external carotid artery. A 0.014-in guidewire (Plat-

inum EX Transend; Boston Scientific, Natick, Massachusetts) was

used to cross the stenosis until the guidewire reached the carotid

cavernous artery; then, the stent-delivery system (carotid Wallstent;

Schneider Boston Scientific, Galway, Ireland, as first choice) was

smoothly advanced through the stenosis over the guidewire. Finally,

the stent was deployed, and the residual stenosis degree was evaluated.

When it was not possible to get through the stenosis with the stent-

delivery system, a predilation was performed by using a 2- to 4-mm

angioplasty balloon (Gateway PTA balloon catheter; Boston Scien-

tific, Fremont, California) at 6 atm. When residual stenosis was

�30%, a postprocedural dilation was performed by using a 4-mm

balloon (Viatrac; Guidant, St. Paul, Minnesota). A low-pressure dila-

tion at 8 atm was performed to achieve a residual stenosis �30%.

All procedures were performed by 2 neuroradiologists with expe-

rience in endovascular techniques (F.D. and R.O. with 20 and 6 years

of experience, respectively). Patients were monitored by a critical care

physician. Atropine was administered only if asystolia (absence of

complex waves in 3 sweeps of the electrocardiogram display) or ex-

treme bradycardia (�30 systoles per minute) occurred during the

procedure.

After the procedure, all patients remained for 24 – 48 hours at the

neurology unit. A neurologic evaluation was performed by a neurol-

ogist within 24 hours. Dual antiplatelet therapy was prescribed during

the first month poststenting; then, a single antiplatelet agent was con-

tinued indefinitely. Follow-up was performed by neurologic evalua-

tion and Doppler sonography examination at 3, 6, and 12 months

after the procedure. All data were included on an Access data base

(Microsoft, Bothell, Washington) created for this purpose.

We performed a descriptive observational study. Continuous val-

ues were expressed as mean and nominal variables as counts and

percentages. The primary end point was to determine the cumulative

incidence of death, stroke, or myocardial infarction within 30 days

after intervention. The secondary end point was to establish the inci-

dence of ipsilateral stroke and/or death between 31 days and 1 year

after the procedure.

Results
Two hundred ten patients, 178 men and 32 women, with a
mean age of 66.2 years (range, 20 – 84 years) were included in
the study (Table 1). All patients were symptomatic except 9; 4
presented with �70% stenosis and 5 had a stenosis between
90% and 99%. In these 9 patients, stent placement was con-
sidered because of repeated syncope in 5, bilateral progressive
stenosis (�70%) in 2, and contralateral carotid occlusion in 2.

A Doppler sonography examination was performed in all
cases, and MR angiography, in 114 patients (51.8%). The de-
gree of stenosis was always confirmed by angiography. From
the 220 carotid arteries treated, 163 (74.1%) had �80% steno-
sis, 140 (63.6%) had �90% stenosis, 18 (8.2%) showed pseu-
do-occlusions, and 1 was totally occluded (0.5%). There were
also 6 patients with �70% stenosis: Three presented with pro-
gressive stenosis and contralateral carotid artery occlusion,
and 3 presented with TIAs, despite dual antiplatelet therapy.
The average degree of stenosis was 88.9%. On the basis of
angiography, complex stenoses were categorized into unfa-
vorable geometry, excessive angulation, kinking or extreme
carotid artery tortuosity (41.8%), ulceration (15.9%), and hy-
pertrophic calcification (15.9%).

Other Findings
Eighty-two patients presented with severe aortoiliac athero-
sclerosis, 32 showed contralateral carotid artery stenosis

Table 1: Baseline characteristics of patients and stenoses

Characteristics No. %
Patients 210 100

Men 178 85
Women 32 15
Mean age (yr) 66.2 (�9.6)

Vascular risk factors
Hypertension 145 69.4
Diabetes mellitus 86 41.1
Dyslipidemia 84 40.2
Coronary artery disease 38 18.2
Peripheral artery disease 36 17.2
Smoker 41 19.6

Carotid arteries
Stenosis 220 100
�70 % 6 2.7
70%–79% 51 23.2
80%–89% 23 10.5
90%–99% 121 55.0
Pseudo-occlusion 18 8.2
Occlusion 1 0.5
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�70%, 20 showed vertebral artery stenosis, 18 had stenosis at
the origin of the great vessels from the aortic arch, and 8 had
stenosis in the intracranial internal carotid arteries. Thirty-
nine patients had flow compensation through anterior and
posterior communicating arteries, and 87, only through 1 of
these. Ninety-four patients showed no flow compensation
through the circle of Willis. Two patients showed compensa-
tion through pial collateral vessels, and 3, through the oph-
thalmic artery, which had reversed flow. Two vertebral artery
steal syndromes due to subclavian artery occlusion were de-
tected. Three other patients had abdominal aorta aneurysms.

Immediate Results
Technical success was achieved in 212 of the 220 arteries
(96.4%) treated. In 8 patients, it was not possible to pass the
wire through the stenosis because of irregularity and high-
grade stenosis �90% (n � 4) or the presence of pseudo-
occlusion (n � 4). Of the 212 arteries successfully treated, 169
(79.7%) showed no residual stenosis, 40 (18.9%) had residual
stenosis �30%, 2 (0.94%) had 30%– 40% residual stenosis,
and 1 (0.47%) had 50% residual stenosis. A single stent was
placed in 198 arteries (Fig 1), 2 stents were placed in 12 arteries
(Fig 2), and 3 stents were placed in 2 cases. We treated bilateral
stenoses (10 patients) in 2 different sessions, waiting at least 1
month between.

Predilation was necessary in 34/212 arteries (16%), postdi-
lation, in 152 cases (71.6%), and both, in 17 cases (8%). We
deployed 228 stents: 198 Carotid Wallstents (Boston Scien-
tific), 21 Precise (Cordis, Miami Lakes, Florida), 3 Express
(Boston Scientific), 2 Wingspan (Boston Scientific), 1 Enter-
prise (Cordis), 1 Herculink (Abbott Vascular, Abbott Park,
Illinois), 1 Multi-Link (Guidant), and 1 Prokinetic. (Biotro-
nic, Ann Arbor, Michigan).

Thirty-Day Results
There were 3 major complications (1.36%) within 30 days
after the procedure: 1 ischemic disabling stroke, 1 death re-
lated to acute stent thrombosis, and another death due to
myocardial infarction. In addition, there were 2 nondisabling
strokes and 4 TIAs. The combined end point including any
stroke, death, or MI was reached in 7 patients (3.18%). Other
reported events are presented in Table 2.

One-Year Follow-Up
At the end of the study, 33 of 210 patients were lost to fol-
low-up (censored cases), so patients with 187 of 212 arteries
treated completed 1-year follow-up (88.2%). There were 2
new strokes and 1 TIA from the ipsilateral carotid artery, 1
contralateral stroke, and 5 deaths. One patient died of a verte-
brobasilar stroke 33 days after the procedure. The other deaths

Fig 1. Left common carotid artery angiography showing pseudo-occlusion of internal carotid artery. Oblique view (A) and lateral view (B). The internal carotid artery filling was delayed
regarding to the external carotid artery. C, Immediate control after stent deployment (7 � 40 mm Carotid Wallstent) and postdilatation with a 4 � 20 mm balloon. No predilation was
performed.
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were related to different causes (1 MI, 1 metastatic disease, 1
heart failure, and 1 urologic septic shock). All deaths occurred
between 8 and 11 months after the intervention. Twenty-four
patients (12.8%) had in-stent restenosis on Doppler sonogra-
phy follow-up, 6 at the 3-month control, 9 at the 6-month
control, and 9 at the 1-year control. In 4 of the restenoses, the
immediate results after stent placement were a �30% residual
stenoses, 1 patient had a residual stenosis of 50%, and the 19
remaining patients had no residual stenosis in the immediate
control. All restenoses were asymptomatic except for 3.

Discussion
The results of this study show a relatively low incidence of
complications within 30 days after the procedure: 1.36% with
disabling stroke, death, or MI; and 3.18% with any stroke,
death, or MI. In randomized trials, complications ranged from
5.2% to 9.6% in patients treated with CAS and 3.4%–5.7% in
patients treated with CEA.4-7 However, these trials are heter-
ogeneous regarding patient selection criteria, degree of steno-
sis, type of stents deployed, and the use of cerebral protection
devices. A large meta-analysis including 54 713 patients
treated with CAS estimated that the 30-day combined rate of
stroke or death was 4.7%.18 Most CAS trials used cerebral pro-
tection devices. On the other hand, the subanalysis of the

SPACE trial showed a lower complication rate in the
CASWPD group (6.5%) than the CAS with the protection
device group (8.3%).10

Nonrandomized reports by using CASWPD have shown
that 30-day complication rates ranged from 1.2% to 4.2%.
These reports included symptomatic and asymptomatic pa-
tients, with an average degree of stenosis ranging from 80% to
82%.12-15 In our series, all cases were symptomatic except 9,
and the mean degree of stenosis was 89%. In addition, our
report included the largest number of symptomatic patients
and the highest degree of stenosis.

Two hemorrhagic complications were reported. One pa-
tient had a pseudo-occlusion, contralateral carotid artery ste-
nosis (�70%), and vertebral artery stenosis. The patient
presented with headache, vomiting, decreased level of con-
sciousness, and hemiparesis 5 days after stent placement. CT
revealed a basal ganglia hematoma extending into the ventric-
ular system and subarachnoid space. The patient was admitted
to the intensive care unit. His symptoms regressed, and he was
discharged with residual hemiparesis. The clinical findings
and favorable evolution suggest that the hemorrhage was
probably related to hyperperfusion syndrome, associated with
loss of vascular autoregulation mechanisms in a chronically
hypoperfused area.19

Fig 2. A, selective angiogram that shows a high-grade stenosis of �90% in the left internal carotid artery due to a great atheromatous plaque with calcification. B, After sent deployment
(7 � 40 mm Carotid Wallstent), a significant residual stenosis is revealed despite performing a postdilation with a 4 � 20 mm balloon. C, Final result after a second overlapped stent
placement with no residual stenosis.
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The other patient presented with a �90% stenosis. Imme-
diately after the procedure, in the angiography room, he de-
veloped progressive aphasia. An urgent CT scan was per-
formed, revealing a putaminal hematoma on a previously
infarcted area. Protamine was administered, and he was trans-
ferred to the intensive care unit. The patient showed progres-
sive favorable evolution in the following days. We proposed 2
possible mechanisms for early bleeding: embolism during the
procedure, and secondary hemorrhagic transformation due to
reperfusion on a cerebral infarct area. However, in our case the
exact cause of hemorrhage could not be clarified.20,21

Two patients developed stent thrombosis. One occurred 9
days after the procedure, causing a complete middle cerebral
artery infarct. This patient had a previous stenosis of �90%.
The other thrombosis occurred 6 days after the procedure.
The patient was readmitted after discharge, with acute hemi-
plegia and aphasia. An urgent CT scan demonstrated a cere-
bral infarction, and a carotid Doppler sonography showed
stent thrombosis. A rescue revascularization was unsuccess-
fully attempted, but the patient died of a malignant infarction
24 hours later. Stent thrombosis can be a fatal complication.22

It has been associated with insufficient antiplatelet therapy
and antiplatelet agent resistance.23 The first patient received
previous treatment with aspirin (100 mg per day) and clopi-
dogrel (75 mg per day) for 5 days before the procedure, but the
antiplatelet response in this patient was unknown because
there was no aggregometry analysis method at that time. More
recently, in the second patient, an aggregometry test showed
clopidogrel resistance, so the aspirin dose was increased em-
pirically to 300 mg per day. However, stent thrombosis
occurred.

One patient presented with hemicranial and neck pain,
ptosis, and enophthalmos during angioplasty before stent
placement. Despite this event, the stent was deployed and the
procedure was concluded. An urgent CT scan was performed
showing gyral enhancement. A second scan 24 hours later
showed no abnormalities. This episode was probably due to
arterial dissection provoked during the predilation with the
angioplasty balloon.

Two TIAs occurred in the first 24 hours after the procedure
and the other 2 cases, within 30 days. Except for these 2 peri-
interventional TIAs, we think complications would not have
avoided with the use of cerebral protection devices.

The main mechanism of stroke in patients with atheroscle-
rosis of the large arteries is thromboembolism from unstable
plaques. The plaque rupture causes platelet aggregation, local
thrombosis, or plaque material embolism.24 Although other
mechanisms such as low-flow hemodynamic stroke are un-
common, they can have a synergic effect added to embolism.25

The goal of treatment should be the protection of the embolic
source, whereas the correction of the hemodynamic problem
has less relevance. Although a residual stenosis �30% after
stent placemen has usually been regarded as adequate, the de-
gree of stenosis correction necessary to reduce the risk of fur-
ther embolic events is still unclear.26

Embolism can occur both in CEA and in CAS.27,28 Embo-
lism related to the procedure can be assessed by transcranial
Doppler sonography and cerebral MR imaging with DWI.
However, there is no consensus regarding the true incidence
and relevance of these events. Correlation between the num-
ber of microembolism signals registered by transcranial
Doppler and the appearance of new ischemic lesions in DWI is
unclear.29 In addition, most of these ischemic foci are clini-
cally silent. Some authors have found a higher rate of micro-
embolism by transcranial Doppler in CAS with protective de-
vices than in CASWPD.30 A higher rate of cerebral ischemic
lesions on DWI associated with the use of protection devices
has also been found.31,32 Finally, it has been estimated that
cerebral protection devices prevent only 25% of clinical em-
bolisms.33 Therefore, it is reasonable to question their
usefulness.

Embolism is related to the instrumentation and manipula-
tion of the plaque and may occur during all of the procedural
phases of CAS, including cerebral protection device introduc-
tion, placement, and removal.34 Therefore, it is very important
to reduce the maneuvers as much as possible. Less manipula-
tion with the guidewire or the catheter and the minimizing of
balloon dilation reduces the number of emboli detected on
transcranial Doppler.35 The passing of the protection device
through the stenosis is really an unprotected maneuver and
sometimes requires predilation, which may increase the risk of
embolism or may cause other complications such as vaso-
spasm or dissection. In addition, device withdrawal involves
more manipulation, which increases the embolism risk.

CASWPD is a simple procedure that minimizes the manip-
ulation over the plaque. We believe that the use of low-profile
stent-device systems allows advancing through the stenosis
with minimal risk of embolism. The placement of a closed
stent cell represents a protection system against periproce-
dural embolism, especially during the dilation with a balloon
after stent deployment.

When stent placement in 1 step is not possible from the
beginning, a predilation with an angioplasty balloon repre-
sents the most critical point of the technique. The need for
predilation is variable according to reports (2%– 46%),11-13

suggesting that it depends heavily on the experience and meth-
odology of the operator. According to our experience, it is
possible to navigate with the stent device system without pre-
dilation in most cases. Predilation was only performed in 26/
140 (18.7%) stenoses of �90%. In contrast to other authors,14

we have observed that the degree of residual stenosis after stent
placement requires further dilation in most cases. This is prob-
ably because of a higher initial average stenosis degree in our

Table 2: Peri-interventional and 30-day complications

Peri-
Interventional

24 hours–
30 days Total %

Medical complications
Hypertension 7 7 3.18
Asystolia (atropine) 8 8 3.64
Bradycardia �30 bpm (atropine) 18 18 8.18
Bradycardia 30–40 bpm 7 7 3.18
Groin or brachial hematoma 3 1 4 1.82

Neurologic complications
TIA 2 2 4 1.82
Ischemic nondisabling stroke 2 2 0.91
Ischemic disabling stroke 1 1 0.45
Intracranial hemorrhage 1 1 2 0.91

Deaths
Stroke 1 1 0.45
MI 1 1 0.45
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series. However, postdilation was not associated with compli-
cation increase. We believe that closed-cell stents have a pro-
tective effect during postdilation.

In all cases, dilation maneuvers were minimized, not only
to avoid embolic complications but also to prevent vagal reac-
tions.36 These events are usually treated with atropine even in
a prophylactic mode.37 We do not support the indiscriminate
use of atropine, to avoid its adverse effects (tachycardia, gas-
trointestinal disturbances, bronchoconstriction, blurred vi-
sion, dizziness, and photophobia). In an empirical way, we
controlled the arterial pressure and cardiac rate during the
procedure and treated with urapidil and beta blockers only
when it was necessary. In our series, we administered atropine
in only 2.7% of the procedures.

According to the literature, in long-term follow-up, there
are no significant differences between CAS and CEA.38 The
results should probably be independent of the use of cerebral
protective devices. In our series, the 1-year mortality rate was
2.7%. Only 1 death was related to a new stroke but involved a
different vascular territory from the treated carotid artery. The
other deaths were due to comorbidity and showed no tempo-
ral relation with the procedure.

Restenosis was observed in 12.8% of cases; most were
asymptomatic. This finding is not comparable with that in
other groups because the diagnosis depends on the criteria
used in Doppler sonography. In this report, because the study
was long, data were reanalyzed, establishing a peak systolic
velocity of �300 cm/s or an end-diastolic velocity �90 cm/s,
as in-stent restenosis �70%.39 Restenosis is related to intimal
hyperplasia, the progression of atherosclerosis, the control of
cardiovascular risk factors, and the appropriate treatment
with antiplatelet therapy. The antiplatelet therapy effect and
its resistance could not be evaluated from the beginning of the
study because the impedance aggregometry (Verify Now sys-
tem; Accumetrics, San Diego, California) was not available
until September 2009. Since then, all candidates for carotid
stent placement are subjected to aggregometry by using this
device. Sixty-eight patients were evaluated. Clopidogrel resis-
tance was observed in 33%, and aspirin resistance, in 13%.
Only 1 patient (1.5%) was resistant to both drugs. Because
antiplatelet resistance was not evaluated from the beginning, a
new study is being performed to assess the influence of the
aggregometry test and the appropriate long-term treatment
regimen in these patients.

Limitations
Results obtained in this study have been compared with the
ones in the literature. The study period was long due to such
restrictive inclusion criteria. Despite being so long, the stent
placement technique has always been the same.

Inclusion of patients with symptomatic stenosis �50%
would have increased the number of patients and would have
shortened the study period. However, we believed that it was
necessary to achieve the results proposed in the reference
guides.40 The maximum complications rate in this report was
�6% recommended for symptomatic patients.

Asymptomatic patients were also excluded, because the
benefit of CAS in this group is still unclear.41,42 Concerning
stent placement in these patients, one should consider other
risk criteria and not only the stenosis degree.43

Conclusions
In this series, unprotected CAS in patients with symptomatic
high-grade stenosis was a safe technique with low risk of
periprocedural complications. Adequate clinical indications,
the use of closed-cell stents, and minimizing of maneuvers
through the stenosis are needed to obtain optimal results.
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