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Abstract. — AIM: To assess early outcome of
predilatation prior stenting of severe carotid artery
stenosis and to evaluate early major adverse car-
diovascular and cerebral events (MACCE).

PATIENTS AND METHODS: The study group
consisted of 265 consecutive patients (200
males, 65 female, mean age 66.7 + 8.6 years) in
whom 275 percutaneous transluminal angioplas-
ty (PTA) procedures of carotid arteries were per-
formed. Staged carotid stenting was performed
in patients with bilateral carotid stenosis. Neuro-
protection with a distal protection device was
used in all cases. The patients were divided into
two groups: direct carotid stent implantation
without previous pre-dilation was performed in
233 patients (direct stenting group) and predi-
latation was performed in 42 patients (predilata-
tion group). Early events were recorded and ana-
lyzed subsequently.

RESULTS: We treated 275 carotid stenoses and
the stent was implanted in all patients. Ten pa-
tients (3.7%) were treated by staged carotid
artery stenting (CAS) due to bilateral carotid
artery disease. The technical success rate was
97.1%. During 1-month follow-up, the prevalence
of primary endpoint was 2.18%. The prevalence
of MACCE at 30 days was higher in the predilata-
tion group (2.4% vs. 2.1%; p = 0.924). Also
periprocedural rate of hypotension was higher in
predilatation group (7.1% vs. 1.7%; p = 0.04).

CONCLUSIONS: Balloon predilatation prior to
stenting can be performed to treat severe carotid
artery stenosis with acceptable periprocedural
complication rate.
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Introduction

In developed countries, stroke is the common
cause of death!. Every year, 1.5 million people in
Europe and the United States suffer from stroke,
and 30-40% of all cases are caused by athero-

sclerotic carotid artery disease’. Severe stenoses
(= 80%) are probably associated with an in-
creased risk of stroke when compared to moder-
ate (60-79%) carotid artery stenosis and warrant
much more aggressive revascularization®. Carotid
artery stenting (CAS) has replaced surgical en-
darterectomy in many patients in recent years®.
But fearing the risk of stroke, endarterectomy
was generally preferred in severe carotid steno-
sis. However, the data are quite limited’ and the
safety of CAS with predilatation has not been in-
vestigated systematically in large series. There-
fore, we retrospectively analyzed the early out-
comes of CAS with and without predilatation.
The aim of this analysis was to evaluate the safe-
ty of CAS with predilatation in procedural and
short-term follow-up.

Patients and Methods

Between May 2009 and June 2012, a total of
273 consecutive patients and 283 atherosclerotic
carotid artery stenosis underwent CAS at the Kar-
tal Kosuyolu Yuksek Ihtisas Heart-Education and
Research Hospital Education. Patients were divid-
ed into 2 groups according to the method of stent-
ing. Predilatation was performed (predilatation
group) in forty-two patients and direct stenting
was performed in the remaining patients (n=233)
(direct stenting group). All the stenoses were
quantified angiographically according to the
NASCET (North American Symptomatic Carotid
Endarterectomy Trial) criteria®. The criteria to
qualify for invasive treatment included the pres-
ence of asymptomatic stenosis of carotid artery of
> 70% or stenosis of > 50% in patients with a his-
tory of cerebrovascular events and/or critical
stenosis of the contralateral carotid artery. Pa-
tients were excluded from the procedure only in
case of total occlusion of carotid artery or ab-
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solute contraindications for double anti-platelet
therapy (active gastrointestinal bleeding, recent
hemorrhagic stroke, allergy to aspirin), nonather-
osclerotic carotid artery stenosis such as Takaya-
su’s arteritis and fibromuscular dysplasia. Patients
with a history of incomplete data were also ex-
cluded. In order to minimize the risk of throm-
boembolic complications, asymptomatic and
symptomatic patients received aspirin (300 mg/d)
and clopidogrel (75 mg/d) at least 2 and 5 days
prior to the procedure respectively. In case of an-
giographic and ultrasonographic evidence of un-
stable atherosclerotic plaque containing clots, pa-
tients were pretreated with anti-platelet agents
and anticoagulants (aspirin, clopidogrel, low-mol-
ecular-weight heparin) for 2-4 weeks. The proxi-
mal balloon protection device (e.g., MOMA) was
used or endarterectomy was performed in patients
with persistent thrombus despite the treatment. In
addition, patients received their regular antihyper-
tensive medications on the morning of the proce-
dure. Sedatives were not applied prior to the pro-
cedure to facilitate accurate neurological assess-
ment during angioplasty. The CAS procedures
were all performed under local anesthesia via
femoral access. An 8F introducer sheath was po-
sitioned and heparin (UFH 100 IU/kg of body
weight) was administered to provide prolongation
of ACT (activated clotting time) to 250-300 s.
Then continuous arterial pressure and electrocar-
diographic monitoring were performed during the
procedure. Then a guiding catheter 8F JR4
(Cordis Corporation, Miami, FL, USA) was
placed proximal to the target lesion. A distal em-
bolic protection with a vascular filter was used in
all patients during CAS procedures. Following
placement of the protection devices procedures
were performed with predilation (2 mm to 3 mm),
stent deployment, and postdilation (4.0 mm-6.0
mm). Pre-dilatation was performed only in case
of critical stenosis (> 95%) or when severe calci-
fications were seen under fluoroscopy to facilitate
the stent’s passage of the lesion. Self-expanding
stents were implanted into the stenosed carotid ar-
teries. If needed, the lesion was post-dilated to
achieve a residual stenosis = 30% after stent de-
ployment. To prevent bradycardia and hypoten-
sion, 0.5-1.0 mg of atropine was routinely admin-
istered intravenously prior to balloon inflation.
During the procedure, atropine (0.5-1.0 mg) was
given again for patients who developed a > 20
beats/min drop in their heart rate during balloon
dilatation and stent deployment. In case of pro-
found hypotension (systolic blood pressure < 80

mmHg) infusion of inotropic agents (dopamine 5-
15 pg/kg/min) in addition to fluids was used. Be-
fore retrieval of the protection device, final bi-
plane angiogram of the stented lesion and in-
tracranial views were obtained. The procedure
was considered successful when the stenotic seg-
ment of the carotid artery was effectively dilated
(residual stenosis < 30% with adequate blood
flow). After the procedure the anti-platelet thera-
py was continued (clopidogrel for the first 4-6
weeks in asymptomatic patients, 3 months in
symptomatic patients and aspirin indefinitely).
All patients were followed up in intensive care
unit (ICU) for the first 3 hours after procedure.
All the patients were repeatedly examined by
physicians (including neurological examination)
and all symptomatic patients were examined by
board-certified neurologists. Post-procedural in-
tracranial examination with magnetic resonance
imaging (MRI) or computed tomography (CT)
was performed if the neurological status of the
patient changed. Meticulous blood pressure con-
trol was performed to maintain the systolic blood
pressure between 100 mmHg and 130 mmHg or
lower the blood pressure to 10% to 20% below
baseline. All cardiovascular, neurological and lo-
cal complications occurring during the index hos-
pitalisation and after discharge, up to 30 days fol-
lowing the procedure, were recorded. Major ad-
verse cardiac and cerebrovascular events (MAC-
CE) such as myocardial infarctions (MI), stroke
and death were also evaluated in this time period.
Stroke was defined as a neurological deficit that
persisted more than 24 h. Transient cerebral is-
chaemia following the procedure was defined as
occurrence of new or exacerbation of previously
existing neurological symptoms with total recov-
ery within 24 hours. The diagnosis of Q-wave MI
was based on the presence of new Q waves on the
ECG and an elevated creatine kinase at least 2
times the upper limit of the normal range with an
elevated level of MB isoenzyme. A non Q-wave
MI had no new pathologic Q-waves on ECG and
a total creatine kinase of greater than two times
the normal with an elevated MB isoenzyme. The
ECG was performed persistently during the first
24 hours and the remaining period of hospitaliza-
tion in case of unexplained chest pain.

Statistical Analysis

The data was analyzed using the Statistical
Package for the Social Sciences (SPSS) software
for Windows version 13.0 (SPSS Inc., Chicago,
IL, USA). Parametric variables were reported as
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means and standard deviations, non-parametric
as absolute numbers and percentages. Parametric
variables were compared between groups using
Student’s t-test and Mann Whitney U test. Com-
parisons of the frequency of the non-parametric
variables between subgroups were carried out us-
ing % test. p < 0.05 was considered statistically
significant.

Results

In 273 patients, 283 CAS procedures were per-
formed in our Hospital. Of these, 275 (97.1%)
(206 men and 69 women; mean age 66.7 = 8.6
years) procedures were successful. We did not
succeed in 8 cases due to diffuse carotid stenosis,
severe distortions in the internal carotid artery and
anatomic abnormality of aortic arch. Direct carotid
stent implantation without previous pre-dilation
was performed in 233 patients, and predilatation
was performed in 42 patients. 10 patients (3.7%)
had a bilateral carotid artery disease. These pa-
tients were treated by staged CAS. Simultaneous
bilateral carotid artery stenting was not performed
in such patients. Table I shows the baseline char-
acteristics that, in general, were similar in both
groups. However, the predilatation group had a
higher percentage of renal insufficiency (12.9%
predilatation versus 3.9% direct stenting; p =
0.032). The percentage of patients who smoke
(33.6% vs. 14.3%; p = 0.012), previous myocar-
dial infarction (22.8% vs. 7.1%; p = 0.024) and
history of coronary artery bypass grafting (24.1%
vs. 7.1%; p = 0.014) was higher in direct stenting

Table I. Baseline clinical characteristics of the patients.

group compared predilatation group. Intervention-
al and angiographic characteristics of the study
population are summarized in Table II. Predilata-
tion group were associated with a greater degree of
angiographic stenosis (96.7% + 2.3% vs. 82.9% =+
11.1%; p < 0.001), and a greater proportion con-
tralateral stenosis (35.7% vs.15.9%; p = 0.003).The
detailed data of all early events observed in both
groups are presented in Table III. Postprocedural
strokes occurred in 4 patients (1 and 3 strokes in
predilatation group and direct stenting group, re-
spectively). Two deaths occurred in direct stenting
group. One died as a consequence of periprocedur-
al ischemic stroke. The other patient underwent
coronary stenting 15 days after the CAS procedure.
This patient died as a result sudden death 2 days
after the coronary stenting. There was no peripro-
cedural myocardial infarction. The incidence of
MACCE at 30 days was higher insignificantly in
the predilatation group (2.4% vs. 2.1%; p = 0.924).
Transient ischemic attacks incidence at 30 days
was higher direct stenting group (0% vs 5.1%; p =
0.044). On the other hand, periprocedual rate of
hypotension was higher in predilatation group
(7.1% vs. 1.7%; p = 0.04).

Discussion

The choice of revascularization in carotid
stenosis is still uncertain. The risk of embolism is
higher in patients with severe carotid stenosis.
Embolus can occur when the guide wire and fil-
ter passes through or during the predilatation. In
this study, we compared the short-term outcomes

Predilatation group Direct stenting group
Variables n (%) n (%) P
Age, years, mean + SD 67.9+74 66.4 = 8.7 0.286
Sex , men, 34 (81) 172 (73.8) 0.326
Hypertension 34 (81) 200 (85.8) 0.413
Diabetes mellitus 14 (34.1) 82 (35.3) 0.882
Hyperlipidemia 19 (45.2) 130 (55.8) 0.206
Renal insufficiency 4(12.9) 8(3.9) 0.032
Current smokers 6(14.3) 78 (33.6) 0.012
Coronary artery disease 25 (59.5) 173 (74.2) 0.057
Previous myocardial infarction 3(7.1) 51(22.8) 0.024
History of coronary artery bypass grafting 3(7.1) 56 (24.1) 0.014
Previous coronary artery intervention 7(18.4) 74 (32.9) 0.074
Peripheral arterial disease 8 (19.5) 31(13.5) 0.316
Symptomatic 23 (54.8) 98 (42.1) 0.127
Hospitalization time, mean + SD 1.7+1.0 22+23 0.103

SD: standart deviation.
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Table II. Interventional and angiographic characteristics of the study population.

Predilatation group Direct stenting group
Variable n (%) n (%) P
Lesion located in LICA/RICA 25/17 (59.5/40.5) 125/108 (53.6/46.4) 0.481
Stenosis at baseline (%) 96.7 £ 2.3 829 +11.1 < 0.001
Contralateral occlusion 1(2.4) 17 (7.2) 0.236
Contralateral stenosis > 50% 15 (35.7) 37 (15.9) 0.003
Mean stent length [mm)] 37.7£6.9 379+75 0.982
Application of embolism protection device 42 (100) 233 (100) NS
Implantation of stents 42 (100) 233 (100) NS
Rate of post-dilations 40 (95.2) 207 (88.8) 0.207

LICA: left internal carotid artery; RICA: right internal carotid artery.

of patients treated by direct CAS and CAS with
predilatation. Our study suggested that, in our
center carotid stenting is performing with accept-
able frequency of major cerebral events. MACCE
was similar in CAS with predilatation and direct
stenting group. However, the rate of hypotension
and bradycardia was higher in predilatation
group. Extracranial carotid atherosclerosis with
the resulting atherothromboembolism may ac-
count for up to 20% of ischemic strokes’. The en-
largement of a narrowed cerebral blood vessel in
patients with stenosis of = 70% reduces the ab-
solute five-year risk of ischemic stroke by 16%?.
Multiple treatments have been shown efficacious
in treating carotid disease. Carotid endarterecto-
my (CEA) has been shown to be effective in sig-
nificantly reducing the risk of recurrent stroke
emanating from that pathological nidus’. On the
other hand, CAS as a novel method for carotid
revascularization has been widely used in pa-
tients with significant carotid artery stenosis as
an alternative to CEA in the past ten years'’.
There are many studies comparing CAS and
CEA. EVA-3S (Endarterectomy Versus Angio-
plasty in Patients with Severe Symptomatic

Table Ill. Thirty-day incidence of complications in groups.

Carotid Stenoisis) study!! suggested that the 30-
day appearence of any stroke or death was higher
in the stenting group (9.6% vs. 3.9%). There was
no significant difference in the rates of the prima-
ry end point (stroke, death and myocardial in-
farction) between CAS and CEA (7.2% vs. 6.8%;
p < 0.51) in CREST (Carotid Revascularization
Endarterectomy versus Stenting Trial) trial'>. But
in the same study, stroke rate was higher in the
CAS group; myocardial infarction rate was high-
er in CEA group (stroke 4.1% vs. 2.3%, p <
0.012; and myocardial infarction 1.1% vs. 2.3%,
p < 0.032). In general, 30 day adverse outcome
(stroke/death rate) for CAS ranged from 1.2% to
7%"3. Current recommendations of the American
Heart Association concerning procedures on the
carotid arteries describe the acceptable frequency
of major cerebral events (stroke, death) occur-
rence at the level of 3% for asymptomatic pa-
tients and 6% for patients with symptomatic oc-
clusion of the carotid artery!'.

In our series, the 30 day composite rate of any
stroke or death was 2.18% in all patients. These
results are considerably below the maximum com-
plication rates recommended in the American

Predilatation group Direct stenting group
Type of complication n (%) n (%) P

Death 0(0) 2 (0.9) 0.547
Stroke 1(24) 3(1.3) 0.586
Myocardial infarction 0(0) 0(0) NS
Transient ischaemic attacks 0(0) 12 (5.1) 0.044
Acute renal failure 0(0) 8(3.4) 0.223
Hypotension requiring prolonged 7 (2.5%)
(> 12 h administration of catecholamines) 3(7.1) 4(1.7) 0.04
MACCE 6 (2.18%)

1(24) 5(2.1) 0.924

MACCE: major adverse cardiac and cerebrovascular events.
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Heart Association guidelines for carotid stenting.
Our better results may be due to better pre-proce-
dural preparation and proper selection of patients.
All patients received dual antiplatelet therapy a
few days prior to the procedure. In case of evi-
dence of unstable atherosclerotic plaque contain-
ing fresh clots, patients were pretreated with anti-
platelet agents and anticoagulants for a few weeks.
Statin therapy was also given to all patients. There
was no periprocedural myocardial infarction in
our study. In case of severe stenosis of the coro-
nary artery, stenting procedures were performed
before CAS. The lack of MI may be due to this
preparation. In severe carotid stenosis, embolism
is a major concern with endovascular treatment
and delayed carotid artery intervention compared
with the peripheral and coronary interventions'.
This risk can be at any stage of endovascular treat-
ment'S. Numerous investigations have shown pro-
cedure-related strokes by using MR imaging and
transcranial Doppler monitoring!”'®, Embolic sig-
nals have been detected during balloon predilata-
tion, stent deployment, and post-stent balloon di-
latation'. One study found that the highest embol-
ic loads occurred during balloon predilatation.
Another research has found that the highest em-
bolic counts during stent deployment?'. On the
other hand, some reports showed that most emboli
are produced by post-stent dilatation®**. In addi-
tion to being a high risk of embolism, the success
rates are lower in severe carotid stenosis. General-
ly, the success rate of direct stenting in severe
stenosis is about 80%. In the remaining 20%,
predilatation is needed®.

Until recently, CEA was the preferred strategy
for these patients. We can hypothesize that the
predilatation before stenting of critical carotid
stenoses is safe. In a small-scale work by Zhang
C et al’, it was shown that after balloon pre-dila-
tion, CAS was a safe and effective treatment of
carotid artery subtotal occlusion. In our report,
the risk of adverse event occurrence in the early
30-day observation period was 2.4% in the predi-
latation group and 2.1% in the direct stenting
group. Symptomatic status, stenosis severity,
contralateral occlusion and contralateral stenosis
are commonly used to estimate stroke risk among
patients with carotid stenosis®. In our study the
degree of baseline angiographic stenosis, the rate
of contralateral stenosis and the ratio of sympto-
matic patients were more in predilatation group
compared to direct stenting group. Despite the
higher risk profile for stroke, the short-term re-
sult was acceptable in predilatation group.
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Carotid sinus reaction including bradycardia,
asystole, and hypotension is one of the most
common complications of internal carotid artery
angioplasty. It can occur during or after CAS due
to over stretching of the carotid sinus barorecep-
tors by the balloon or the stent*. Hypotension
and bradycardia, in our series, occurred in 2.54%
of the cases during the procedure, and was found
to be lower than other studies?’*®. Major predic-
tors for hemodynamic instability were a stenosis
over 90% (25), aggressiveness of dilation®, fi-
brous tissue is composed of more than 60% of
the whole plaque volume, the prior use of beta-
blockers and and the absence of diabetes
mellitus®. In our case load, the rate of hypoten-
sion and bradycardia was higher in predilatation
group. In predilatation group, angiographic
stenosis was more severe and the lesions were
more calcific. Moreover, postdilatation was more
common in this group. These may contribute to
higher rate of hypotension in predilatation group.

Conclusions

Our results show that balloon pre-dilation,
with the distal embolic protection device, can be
performed to treat severe carotid artery stenosis
with acceptable safety. Large-scale prospective
trials are required for the optimal therapeutic
strategy for severe carotid stenosis.
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