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Two-year results of carotid artery stenting
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ABSTRACT

Objectives: The effectiveness of carotid artery stenting (CAS)
for primary and secondary prevention of ischemic stroke has
been demonstrated. The aim of our study was the clinical and
radiological evaluation of the reliability of the CAS procedure
over a two-year follow-up period.

Study design: This study included 120 patients (mean age,
68 (48-86) years) admitted to our hospital between December
2010 and March 2013 for whom CAS was decided in the neu-
rology, cardiovascular surgery and cardiology council. Symp-
tomatic cases with more than 50% stenosis by angiography
and asymptomatic patients with stenosis of more than 70%
were included in the study. 80% of the asymptomatic patients
were those detected during the screening before the coronary
bypass surgery.

Results: The success rate of the procedure was found as
97.5%. No mortality or myocardial infarction was observed in
any of the patients in whom CAS was applied successfully.
In 1 symptomatic patient (0.8%), ischemic cerebrovascular
event with sequelae was observed 24 hours after the pro-
cedure. In total, transient ischemic attack was observed in 2
patients (1.7%) 6 and 11 months after the procedure. Asymp-
tomatic restenosis was detected in 3 patients (2.5% of the
total, with 2 in the asymptomatic and 1 in the symptomatic
group). Symptomatic restenosis was not observed. None of
the patients experienced hyperperfusion syndrome.
Conclusion: We believe the CAS procedure can be per-
formed safely in symptomatic and asymptomatic patients with
low complication and high success rates.

OZET

Amac: Iskemik inmeden primer ve sekonder korunmada
karotis artere stent yerlestiriimesinin (KASY) etkinligi goste-
rilmistir. Bizim bu ¢alismadaki amacimiz, KASY islemininin
guvenirligi ve iki yillik sonuglarini klinik ve radyolojik olarak
degerlendirmektir.

Calisma plani: Aralik 2010 ile Mart 2013 tarihleri arasinda
hastanemize bagvuran, noroloji, kalp damar cerrahisi, kardi-
yoloji konseyinde KASY karari verilmis 120 hasta (ortalama
yas 68 [48-86]) calismaya alindi. Calismaya semptomiu olup
karotis arterde anjiyografik olarak %50’nin Uzerinde darlik
olanlarla, semptomsuz olup karotis arterde %70’in Uzerinde
darlik olan hastalar alindi. Semptomsuz hastalarin %80’ini ko-
roner baypas cerrahisi dncesi taramada tespit edilen hastalar
olusturuyordu.

Bulgular: 1slem basarisi %97.5 bulundu. Basarili sekilde
KASY islemi uyguladigimiz hastalardan higbirisinde 6lum, mi-
yokart enfarktusu gorulmedi. Bir hastada (%0.8) islemden 24
saat sonra sekelli iskemik serebrovaskuler olay gelisti. Top-
lam iki hastada (%1.7) islemden alti ve 11 ay sonra gecici
iskemik atak (GIA) godzlendi. Toplam u¢ (%2.5) hastada (iki
hasta semptomsuz, bir hasta semptomlu grupta idi) semp-
tomsuz restenoz goruldu. Semptomlu restenoz saptanmadi.
Higbir hastada hiperperfuzyon sendromu yasanmadi.
Sonuc: Karotis artere stent yerlestiriimesi isleminin semp-
tomlu veya semptomsuz hastalarda dusuk komplikasyon ve
yuksek basar oranlar ile guvenli bir sekilde yapilabilecegi
kanaatindeyiz.
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schemic cerebrovascular events are cited as the

most common cause among patients confined
to bed, and are the third leading cause of mortality.
(I Atherosclerosis is responsible for about one-third
of all strokes and 90% of cerebral thromboembolic
events. Ninety percent of atherosclerotic events with-
in the carotid artery system are observed in the 2 cm
segment including the beginning of the internal ca-
rotid artery (ICA). Carotid artery stenting (CAS) is
an alternative to carotid endarterectomy (CEA).”* The
effectiveness of CAS for primary and secondary pre-
vention of ischemic stroke has been demonstrated.*

The aim of our study was the clinical and radiolog-
ical evaluation of the reliability of the CAS procedure
during a two-year follow-up.

PATIENTS AND METHODS

One hundred and twenty patients, aged 48-86 years
(mean, 68 years), who were admitted to our hospi-
tal between December 2010 and March 2013 and ap-
proved by the neurology, cardiovascular surgery and
cardiology council for CAS procedure, were included
in the study. Symptomatic cases with more than 50%
stenosis by angiography and asymptomatic patients
with more than 70% stenosis were included in the
study. CAS was calculated according to the NASCET
criteria. Symptomatic patients were defined as those
who had experienced a cerebrovascular event within
the last six months with or without sequelae, transient
ischemic attack (TIA), and a history of amaurosis
fugax. Eighty percent of the asymptomatic patients
were those detected during the screening before the
coronary bypass surgery.

Seventy-five percent of our subjects were symp-
tomatic, 92% were patients with coronary artery dis-
ease, 81% were hypertensive, and 44% were diabetic.
Eighty-one percent of our study group consisted of
male patients, and the smoking rate was 40% (Table 1).
The patients were followed for a period ranging from 2
to 21 months (average, 21 months). All patients had ca-
rotid Doppler ultrasound examinations before the pro-
cedure, and computed tomography (CT) angiography
was performed on the patients when necessary.

Following the decision to perform CAS, all pa-
tients and their relatives were informed in detail by
the neurology and cardiology clinics about the neces-
sity of the process, probable risks and follow-ups af-

ter the procedure, and  pppreviations:
their consents were ..
obtained. Approval of  cus
the Study was obtained CEA Carotid endarterectomy
f th th CREST Carotid Revascularization
I'(-)Il'l ¢ cthics C(.)m_ Endarterectomy and Stent Trial
mittee of our hospital. cr
All the patients were £PDs
luat d in th ICA Internal carotid artery
cvaluate 1.1’1 € Com- PAF Paroxysmal atrial fibrillation
mon committee that in- 714
cluded cardiovascular USG
surgery after the evalu-
ation by the neurology clinic.

Activated coagulation time
Carotid artery stenting

Computed tomography

Embolic protection devices

Transient ischemic attack
Ultrasound

The patients were included in the process after
blood pressure regulation was maintained as less than
135/80 mmHg. The antihypertensive treatments of
patients were changed if required.

All patients had been receiving acetylsalicylic acid
while under follow-up by a neurology clinic. Clopi-
dogrel 75 mg 1x1 was added to the treatment of those
who were approved for CAS. Most patients were giv-
en clopidogrel and acetylsalicylic acid 4 to 10 days
before the CAS procedure. A small number of patients
who did not receive clopidogrel were given 300 mg
orally 24 hours before the CAS procedure. Treatment
with 100 mg of acetylsalicylic acid was continued in

Table 1. Characteristic of patients

Characteristic feature %
Mean age (Year) 68 (48-86)
Male gender 81
Symptomatic 75
Asymptomatic 25
Coronary artery disease 92
Hypertension 81
Diabetes 44
Smoking 40
Blood pressures before
the procedure (mmHg)

Systolic 134.2

Diastolic 72.8
Bilateral ICA stenosis (>70%) 15
Opposite side ICA 100% occluded 7
Proximal blockade system 62
Distal embolus prevention 38
Acetyl salicylic acid + clopidogrel 100

ICA: Internal carotid artery.
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all patients unless a contraindication was observed.
Clopidogrel (75 mg) was continued for one year.

Procedure

The procedures were performed through the transfem-
oral route with local anesthesia in all patients. Oxygen
saturations and arterial blood pressure values of the
patients were monitored during the procedure. All the
patients were given 75 mg/kg unfractionated heparin
as the procedure was initiated. When the duration of
the procedure exceeded 30 minutes in some patients,
activated coagulation time (ACT) was checked, and
additional heparin boluses were given to obtain ACT
between 200-250 seconds. The procedures were initi-
ated with arch aortography in order to visualize the
initiating points of the extracranial carotid vertebral
vascular system. Two-sided cerebral angiography was
performed before and after the procedure in order to
visualize intracranial segments.

The cerebral protection system selection was de-
cided by looking at the suitability of the cerebral cir-
culation and plaque burden, and stent selection was
made by evaluating the features of the plaque causing
the stenosis. During the CAS procedure, a proximal
blockage system (Mo.Ma®) was used for 62% of the
patients, and distal embolic protection devices (EPDs,
Anjioguard® and Emboshield) were used for 38% of
the patients. Self-expandable hybrid stent (Cristallo
Ideale SE Stent [Invatec]) was used in 85% of the pa-
tients and open-cell stent (sinus-Carotid-Conical-RX
Stent [OptiMed]) in 15% of patients, and post-dila-
tation was performed after the stent implantation. In
15% of the patients (18 patients), CAS was bilateral.
The opposite carotid arteries of 9 patients (7%) were
100% blocked. In these patients, distal EPD was pre-
ferred. Of the patients with asymptomatic bilateral ste-
nosis, interventions in the patients in whom coronary
bypass surgery was planned were scheduled at a one-
week interval. They then underwent bypass surgery
without terminating the anti-thrombocyte treatment.
In the other patients, intervention was performed on
the symptomatic side or for the asymptomatic more
severe stenosis first, and then intervention on the op-
posite side was performed one month later.

Follow-up

The patients were monitored clinically by the neurol-
ogy clinic during the hospital stay immediately after
the CAS procedure.

All patients were monitored prospectively for an
average period of 21 months for restenosis develop-
ment with carotid Doppler ultrasonography (USG) for
major clinic events (mortality, myocardial infarction
(MD), stroke, TIA). The patients were evaluated by the
neurology and cardiology clinics in the first week, at
the end of the first month and then at six-month peri-
ods. In the follow—ups, Doppler ultrasound was per-
formed at the 1st and 12th months, and CT angiogram
was performed in patients when restenosis was sus-
pected. Restenosis was perceived when the peak flow
velocity in the stent was measured to be greater than
224 cm/s on ultrasound and when stenosis of more
than 50% was observed.

RESULTS

The procedure could not be performed in four pa-
tients in whom CAS was decided. The success rate
of the procedure was found to be 97.5%. A guided
catheter could not be placed in two patients because
of the aortic arch anatomy. In one of the two patients,
the guide wire could not be advanced through the le-
sion due to the highly tortuous lesion. In the other
patient, the procedure was unsuccessful through the
brachial artery entry since the femoral arteries were
occluded. The procedure was terminated without any
complication. CEA was performed in these patients.
No mortality or MI was observed in any of the CAS
patients. In one symptomatic patient (0.8%), ischemic
cerebrovascular event with sequelae was observed 24
hours after the procedure. This led to the suspicion
of acute carotid artery thrombosis, and the CT angi-
ography showed that the stent lumen in the left ca-
rotid artery was blocked entirely with thrombocytes.
Because of the patient’s resistance to acetylsalicylic
acid and clopidogrel, the reason for the acute carotid
artery thrombosis was thought to be a dual resistance
to antiplatelet drugs. Based on the above observations
and the recommendation from the Neurology Depart-
ment, the patient was followed medically. With physi-
cal therapy, the patient’s speech improved, and 2/5 pa-
resis in the right extremities continued. Overall, TTA
was observed in two symptomatic patients (1.7% of
the total) 6 and 11 months after the procedure. Even
though the carotid stent was open in the carotid Dop-
pler USG of one of the patients who had TIA, the
Holter monitoring prompted by the visualization of
bilateral infracts in the brain magnetic resonance im-
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Table 2. Results of the procedures and complications

n %
Asymptomatic restenosis 3 2.5
Symptomatic restenosis 0 0
Stroke on the same side as CAS implanted ICA 1 0.8
Transient ischemic attack 2 1.7
Mortality 0 0
Myocardial infarction 0 0
Gastrointestinal system bleeding 1 0.8
Hyperperfusion syndrome 0 0

CAS: Carotid artery stenting; ICA: Internal carotid artery.

aging (MRI) revealed paroxysmal atrial fibrillation
(PAF). As a consequence, warfarin therapy was initi-
ated. No symptoms were observed in the 12th month
follow-up. The other patient’s carotid stents were open
in the carotid Doppler USG, but a medical follow-up
was decided since atherosclerosis was present in the
intracranial segments in the CT and diagnostic angi-
ography. In another patient, gastrointestinal bleeding
not requiring transfusion developed. In this patient,
acetylsalicylic acid was terminated and replaced with
clopidogrel. Overall, asymptomatic restenosis was
detected in three patients (2.5% of the total, with 2
in the asymptomatic and 1 in the symptomatic group)
in the 12th month Doppler ultrasound screening, with
additional confirmation in the CT angiography. The
carotid artery intra-stent restenosis was 60% in one
of the two restenosis patients and 80% in the other.
CEA procedure was implemented, and the stent was
removed in the patient with 80% restenosis, which we
considered to be hemodynamically significant. In the
Doppler USG during the 3rd month follow-up after
CEA, upon detecting a severe flow velocity increase
at the distal region from which the stent had been re-
moved earlier, CT angiography was performed. After
determining a severe stenosis with CT angiography,
a stent was re-placed in this region. Symptomatic re-
stenosis was not observed. Hyperperfusion syndrome
was not observed in any of the patients (Table 2).

The 24 patients who had successful CAS proce-
dures underwent coronary surgery no later than one
week after the CAS procedure or no earlier than four
weeks after the CAS procedure. No ischemic cerebro-
vascular events occurred. In patients taking acetylsali-
cylic acid and clopidogrel, treatment was continued

before and after the operation. No bleeding complica-
tions were observed in any of the patients.

DISCUSSION

Seventy-five percent of ischemic strokes originate
from the anterior system and one-third of these are
due to extracranial artery stenosis. In strokes due to
symptomatic carotid artery, the rate of recurrence in
the first year increases to 26% in cases treated with
medications after the first event.*! Annual stroke in-
cidence of asymptomatic patients with greater than
60% stenosis in the carotid artery is around 2.5%
despite the patients being under medical treatment.”!
Percentage of the stenosis (greater than 95) and char-
acteristics of the lesion (ulcerated lesion) prominently
increase the risk of stroke.’) Development of endo-
vascular treatment methods began in the 1990s and
accelerated recently with the production of balloons
and stents and have become an important alternative
treatment method to CAS technique and CEA, since
they are less invasive yet as effective as surgery.[®”
CAS, which was applied to risk groups previously,
has become an alternative treatment method to CEA
for all patient groups with the recent advances, and it
has appeared in the guidelines with class 1 indication
in the treatment of extracranial CAS.

The late expansion rates of the carotid stents and
the larger diameter of the carotid artery lumen com-
pared to the coronary artery maintain the lower re-
stenosis rates. Self-expandable stents reach their larg-
est diameter between six months and one year.*] The
restenosis rate after carotid stent placement is less
than 5%. Generally, the restenosis rates over a period
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of five years are very low for procedures that were
performed with appropriate technique, appropriate
stent diameter selection, sufficient post dilatation, and
avoidance of stent tips being left in the atheromatous
plaques.1%

Many randomized studies performed about CAS
are deficient in some aspects. Although it was men-
tioned in the SAPPHIRE study that experienced in-
terventionists and distal EPDs are important, 70% of
the patients were asymptomatic. EPD was not used in
the Carotid and Vertebral Artery Transluminal Angio-
plasty Study (CAVATAS) study, low rates of stent ap-
plication and very low usage of EPD were present in
the Stent-Protected Angioplasty versus Carotid End-
arterectomy (SPACE) study, and only 39% of the in-
terventionists were experienced in the EVA-3S; thus,
the success of EPD has been obscured. The CREST
(Carotid Revascularization Endarterectomy and Stent
Trial) study was a multicenter randomized controlled
trial performed in order to determine which between
CAS and CEA is a better treatment choice in symp-
tomatic and asymptomatic patients; it considered pa-
tient selection, procedural experiences of the physi-
cians and the patients’ risk profiles.l>'!

In the CREST study, which until recently had the
lowest risk among the randomized controlled trials,
no significant difference was detected between the
CAS and CEA groups regarding the primary end-
points (mortality, stroke, and MI development within
the first 30 days and stroke on the same side as the
intervention) at the end of four years (7.2% and 6.8%,
respectively). Neither symptomatic or asymptom-
atic status nor patient gender was determined to be a
distinguishing factor in terms of primary endpoints.
Four-year stroke/mortality rates for all patients were
6.4% for CAS and 4.7% for CEA (p=0.03). After the
intervention period, the incidence of stroke at the
same time was found low in both treatment branch-
es (2% and 2.4%). Interestingly, in the CREST trial,
while the patients younger than 70 years of age ben-
efited from CAS, CEA was found more beneficial in
patients older than 70 years. These findings suggested
that the increased vascular tortuosity and calcification
made the CAS process riskier.

The ratio of symptomatic patients was 52% in the
CREST study, and 42% of the patients had previous
cardiovascular disease history. In our study, these ra-
tios were 75% and 92%, respectively. Eighty percent

of the asymptomatic group consisted of the patients
who were approved for coronary bypass surgery.
Again, while the rate of patients with opposite-side
carotid artery total occlusion was 2.7% in the CREST
study, the same rate was 7% in our study. As can be
seen, there was greater risk in our study with respect
to the patients undergoing CAS and the characteristics
of the lesions when compared to the previous studies.

Stroke, which is the most important and most
feared complication of carotid stenting, was seen in
only one patient after the procedure, which is a low
rate when looking at the literature. Usage mainly of
the proximal prevention method in our cases might
have contributed to the lower rates of stroke due to the
procedure and TIA complications.

When the two patients who developed TIA were
evaluated in the follow-up, PAF was detected in one
case, while in the other case, atherosclerotic lesions
were determined as increased in distal segments of the
internal carotid artery on the same side. No thrombus
was visualized in the transthoracic and transesopha-
geal echocardiographs of the patient with atrial fibril-
lation. Both patients had TIA before the CAS and had
greater than 70% stenosis in the internal carotid arter-
ies. Although the origin of the TIA was not detected
clearly in the patients with visually open stents in the
follow-up carotid angiographs, the fact that TIA did
not develop after the warfarin treatment of the patient
with PAF suggested that the symptoms may have
been due to PAF.

Overall, three asymptomatic restenoses were seen
in our study. When the initial lesions of the patients
developing restenosis were evaluated, all three drew
attention as being long and prominently calcific. With
the approach to asymptomatic restenosis already a
controversial subject, 60% of restenosis patients were
followed medically, and CEA was performed in 80%
of the restenosis patients.

Hyperperfusion syndrome, which can be the most
serious complication of the CAS procedure, some-
times ending with mortality, was not observed in any
of our cases. The most important causes of hyperper-
fusion syndrome are hypertension history of the pa-
tient and poor preparation for the procedure in terms of
hemodynamics. Mean systolic blood pressure values
of the patients in the CREST study were 141.6+20.2
mmHg. The same mean value was 134.2 mmHg in
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our study. We believe the absence of hyperperfusion
syndrome among our patients can be attributed to our
following the blood pressures of all patients before
the procedure and preparing the patients for the pro-
cedure with standard follow-up in the cardiology and
neurology clinics.

The use of an EPD was not 100% in any of the
previous studies, including CREST. We believe that
one of the most important reasons for our lower com-
plication rate due to the procedure was the thorough
and persistent use of either proximal or distal EPDs
in all procedures. Another distinguishing aspect of
our study was the preference for the proximal block-
ade method rather than distal protection method. In a
previous study, it was demonstrated that compared to
distal protection, proximal protection is related more
frequently to non-clinical brain infarcts.!' If we con-
sider that our patients were evaluated by a neurologist
before and after the procedure and that cranial imag-
ing methods were used, we believe that our complica-
tion rates due to the procedure are reliable.

In our study, CAS and CEA were not compared;
rather, the effectiveness and reliability of carotid
stenting and midterm results were evaluated. The rea-
son for this is that initially, only 10% of all patients
were approved for CEA.

In conclusion, the success rate and complication
ratio of the CAS method, which has been accepted as
an alternative to CEA in light of the recent guidelines,
are closely related to patient selection and preparation
of the patient for the procedure in terms of medical
and hemodynamic aspects. Patient selection for revas-
cularization should be made according to the charac-
teristics of the patient and lesion and experience of the
center. Consideration of surgical treatment primarily
for long and calcific lesions and reexamination of the
non-carotid causes in patients with TIA after stenting
will be beneficial.

One of the most important results of our study is
that it presents evidence for the CAS procedure be-
ing effectively and reliably applicable to patients with
asymptomatic carotid lesions before coronary bypass
surgery. Consequently, we believe that the CAS pro-
cedure can be performed safely in symptomatic and
asymptomatic patients with low complication and
high success rates.
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