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Outcomes of carotid artery stenting in
high-risk patients; a single center retrospective

review
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SUMMARY

In our study, we evaluated the safety and efficacy of carotid artery
stenting(CAS) in high surgical risk patients. 22 consecutive patients who
underwent carotid artery stenting(CAS) between March 2009 and Decem-
ber 2011 were eligible. Only symptomatic stenosis were studied in high
surgical risk patients as defined by the SAPPHIRE(Stenting and Angioplasty
with Protection in Patients at High-Risk for Endarterectomy) trial. The mean
age was 77.8 (range 67-87). Of the study group, 17 male(77.27%) and 5
female(22, 72%). Procedural success was achieved in 21 patients(95.4%).
The mean stenosis in patients was 90.68 +5.4%. Reasons for stenting
included cardiac/pulmonary risk(63%), contralateral carotid artery occlu-
sion(72%), age older than 75(72%). None of the patients suffered from ma-
jor stroke, Ml or death due to CAS during their hospital stay. The overall rate
of in-hospital adverse events (TIA, permanent bradycardia, hypotension)
was 18.1 %(4 of 21). Bradycardia in 2(9.5%), hypotension in one(4.7%)
and transient ischemic attack in one(4.7%) were observed during proce-
dures. Our results support the use of CAS in high surgical risk patients with
significant symptomatic carotid artery disease.
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OZET

Yiiksek riskli hastalarda karotis arter stent sonuglari ; tek merkezli
retrospektif inceleme

Bu calismada, yiiksek cerrahi riskli hastalarda karotis arter stent giivenligi ve
etkinligi degerlendirildi. Mart 2009 ile Aralik 2011 tarihleri arasinda 22 has-
taya ardigik olarak karotis arter stent uygulandi. SAPPHIRE(Endarterektomi
icin Yiiksek Riskli Hastalarda Stent ve Anjiyoplasti ile koruma) galismasinda
tanimlandigi gibi yliksek cerrahi riski bulunan, semptomatik darliklari olan
hastalarda galigildi. Hastalarin ortalama yagi 77(dagihm 67-87), 17’si er-
kek(%77, 27), 5’i kadin(%22, 72) idi. Islem 21 hastada bagari ile uygulandi.
(%95.4). Hastalarin ortalama stenoz orani %90, 68 + 5.4 idi. Stent uygula-
ma nedenleri, kardiyak ve solunumsal risk (% 63), diger taraf karotis arterde
tikaniklik (% 72), 75 ve daha ileri yas (%72) idi. Hastalarin higbirinde hasta-
nede kalis siiresince karotis stent iglemine bagl inme, miyokard infarktiisi
ve 0liim gelismedi. Islem sonrasi beklenmeyen olay orani (bradikardi, gegici
iskemik atak, hipotansiyon)%18.1 idi. Islemler sirasinda iki hastada kalici
bradikardi (%9.5), bir hastada hipotansiyon(%4.7), bir hastada gegici iske-
mik atak gelisti. Sonuclanmiz yiiksek riskli semptomatik karotis arter darligi
bulunan hastalarda karotid arter stent (KAS) kullanimini desteklemektedir.

Anahtar kelimeler: Karotis arter stentleme, inme, semptomatik karotis ste-
nozu, komplikasyon
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Introduction

Atherosclerotic disease at the carotid bifurcation
has been seen to be responsible for greater than 20
to 25% of all strokes(1). The treatment of extracra-
nial carotid artery occlusive disease is intended to de-
crease the risk of stroke. Prospective randomized con-
trolled trials have provided level I evidence to support
the use of carotid endarterectomy(CEA) as standard
therapy for achieving durable freedom from stroke
in symptomatic and asymptomatic patients(2,3).
However, these trials excluded patients that exhibit-
ed risk factors associated with increased complication
rates for patients undergoing CEA. These risk factors
included clinically significant cardiopulmonary dis-
ease, contralateral carotid artery occlusion, recurrent
carotid artery stenosis, previous neck surgery, and age
greater than 80 years old. Carotid angioplasty and
stenting(CAS) is a percutaneous procedure for treat-
ing patients with carotid stenosis, and it has emerged
as a potential alternative therapy for patients that are
at increased risk for CEA(4,5). This study sought to
evaluate whether patients at increased perioperative
risk for CEA may be treated with CAS while maintain-
ing equivalent outcomes.

Material and Methods

An institutional review board approved retrospec-
tive review of the clinical variables. A total number
of 22 patients with high risk had undergone the pro-
cedure from January 2009 to November 2011. Only
high surgical risk patients with clinically significant
cardiac disease (congestive heart failure, abnormal
stress test, or the need for open-heart surgery), severe
pulmonary disease, contralateral carotid occlusion,
recurrent stenosis after CEA, and an age older than
80 as defined by the SAPPHIRE trial(5).
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Indications for CAS include>60% stenosis, symp-
tomatic, and>80% stenosis, asymptomatic. All pa-
tients were subjected to neuroimaging, either CT or
MRI. Carotid Doppler or CTA (computed tomography
angiography) or MRA(magnetic resonance angiogra-
phy) were the initial screening tools for evaluating
carotid artery disease. Patients suspected to have ca-
rotid stenosis from the initial evaluation were selected
for digital subtraction angiography(DSA). Informed
consent was obtained from all patients before the
procedure. Patients who chose to undergo CAS but
did not meet SAPPHIRE criteria for high surgical risk
were excluded from the study. Data concerning both
patient demographics and stenting factors were re-
viewed. The patient demographic data points includ-
ed the age and sex of patient as well as the clinical
risk factors. The treatment factors included the pres-
ence of symptoms, pre and postprocedure stenosis,
deployment success, and stent location. The primary
outcome measures were overall rate of in-hospital
adverse events(transient ischemic attack(TIA), hem-
orrhage, minor stroke, major stroke, myocardial
infarction(MI), and death and the 30-day stroke/
death / MI risk. These data were stratified for both
symptomatic and asymptomatic stenoses. Patients
were treated with 100 mg aspirin OD, combined with
75 mg clopidogrel bisulfate OD for five days, before
CAS. At discharge patients were advised to continue
clopidogrel for a period of four months and aspirin
life long. Statistical analysis was performed using the
Fisher exact test.

Carotid artery angioplasty and stenting was per-
formed in the operating room utilizing a digital fluoro-
scopic imaging system(Axiomartis, Siemens, Europe)
under local anesthesia. Entry access was achieved by
placing a SF introducer sheath in the femoral artery
using the Seldinger technique. After selective DSA, the
introducer sheath was replaced with a 7F sheath. A 7F
guiding catheter(Mach1, Boston Scientific, USA) was
then placed in the distal common carotid artery. A fil-
terable cerebral protection device, AngioGuard Spider
FxEV3 (Minnesota, USA) were used. Protection devices
were used in all patients. An over-the-wire angioplasty
balloon(Terumo, Rx Muso, USA) was used to pre-dilate
stenosis with a pressure of 6 — 8 atmospheres if indi-
cated. At the time of balloon angioplasty, 0.6 mg IV at-
ropine was routinely given to counter any significant
bradycardia. A self-expanding carotid stent Protégé
EV3(North Plymouth, Minnesota, USA) was deployed
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across the stenosis. Post-stenting balloon angioplasty
was performed depending on the appearance of the
completed angiogram. Clinical success was defined as
maximal residual stenosis of less than 30%. In cases of
any abnormality being monitored, patients were sent
to the cardiovascular care unit.

Results

Males were 17 and females 5 in number.
Hypertension was an important risk factor (86.3%)
in our study group. Other details are mentioned in
Table I. All the patients who presented to us were
symptomatic, and the mean stenosis in symptomatic
patients was 90.6% with a range of 80% to 99% ste-
nosis. The reasons for stenting included cardiac/pul-
monary/medical risk (49.5%), contralateral internal
carotid artery occlusion(72.7%), recurrent stenosis
after CEA (4.5%), age older than 80(40.9%)(Table II).
The clinical picture at presentation was TIA 22.7%,
minor stroke 18.1%, and major stroke 59.0%. Other
angiographic findings are mentioned in Table III. The
overall rate of in-hospital adverse events (TIA, per-
manent bradycardia, hypotension) was 18.1%(4/22).
Of these events, 1 patients(4.5%) had a hemispheric
TIA(neurological symptoms that resolved within 24
hours), and two(9.5%) had severe bradycardia(despite
routine prophylactic atropine before stent place-
ment) and 1 patients(4.7%) had hypotension. One
had transient hypotension lasting for few minutes.
Stenting was performed in 95.4% of the cases, except
in one patient. She was a 82-year-old female who pre-
sented with TIA, and had 80% stenosis of the right in-
ternal carotid artery (RICA). Carotid artery structure
was not suitable for processing because all segment
of carotid artery was tortuous. Hemodynamic distur-
bances were encountered in 3 patients. Post stenting
residual stenosis was less than 10%.

Discussion

Atherosclerotic carotid artery disease has been
implicated in 8% to 29% of all ischemic strokes(6).
Traditionally, CEA has been the procedure of choice
for selected symptomatic and asymptomatic pa-
tients(7). Carotid artery angioplasty was introduced
in 1979, and the first carotid stent in 1989(8,9). As
newer techniques in endovascular therapy evolve,
such as the use of distal cerebral protection devices,
and with more experience, CAS has been proposed as
an alternative to CEA particularly in patients at high
surgical risk(10,11).
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The European Carotid Surgery Trialist Collaborative
Group concluded that surgery in asymptomatic pa-
tients with 70% to 99% stenosis would have to be
performed with a very low complication rate be-
cause of the only 5.7% 3 year risk of stroke in that
group(12). The initial indications were some of the
key exclusion criteria from NASCET/Veterans Affairs
Cooperative Studies Program/ACAS including reste-
nosis after CEA, contralateral internal carotid artery
occlusion, previous neck irradiation, advanced age,
and severe cardiopulmonary disease. Recently studies
suggest that a role of CAS in the treatment of extra-
cranial carotid atherosclerotic disease, particularly in
patients at high surgical risk(13,5) Single Center ex-
periences with carotid angioplasty and stenting(CAS)
across the globe suggest good, immediate, and inter-
mediate results and a low rate of complications.(14)
Advantages to CAS include the avoidance of general
anesthesia, the elimination of a neck incision and a
potential reduction in periprocedural hemodynamic
fluctuation. Disadvantages to CAS include the risk of
stroke, sparse data on long-term durability, and ac-
cess site complications(15).

Patients with factors determined to increase the
perioperative risk of standard CEA surgery such
as prior carotis surgery, and an elevated modified
Goldman Cardiac Risk Score can be treated success-
fully with CAS while achieving complication rates
equivalent to CEA. This was partially demonstrated
in the Stenting and Angioplasty with Protection in
Patients at High Risk for Endarterectomy(SAPPHIRE)
trial, which compared CAS with cerebral protection
to endarterectomy in patients with moderate-to-se-
vere stenosis and associated cardiopulmonary comor-
bidities. The SAPPHIRE trial demonstrated improved
periprocedural outcomes for patients treated using
CAS with cerebral protection compared with stan-
dard CEA surgery in high surgical risk patients with
respect to the outcomes of MI, stroke and mortality.
The inclusion criteria for the prospective, random-
ized study was symptomatic stenosis greater than
50% or asymptomatic stenosis greater than 80% in
patients meeting at least 1 criterion for high risk. Of
note, only 29.9% of patients in the CAS group and
27.7% of patients in the CEA had from symptomatic
stenosis. The study was designed as a noninferiority
study and demonstrated that CAS was not inferior to
CEA in the patients studied(5).

Successful use of CAS is predicated on avoiding
specific procedural risk factors including age greater
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than 80 years old, aortic arch calcification, aortic arch
elongation or distortion, innominate or common ca-
rotid artery stenosis, and common carotid or inter-
nal carotid artery tortuosity(16,17). Tortuosity of the
internal carotid artery may increase the difficulty of
positioning the emboli protection device, preventing
complete vessel wall apposition and decreasing the
efficacy of the device at capturing embolic particless.
Lesions evaluated by B-mode ultrasound and deter-
mined to have echolucent plaque with a gray-scale
median score of less than 25 have been reported to be
more friable and prone to dislodgement of emboli.(18)
Increased lesion length has also been associated with
an increased risk for stroke in patients treated with
CAS(19). Here we review our experience with CAS in
symptomatic patients. The overall early mortality 0%.
The overall rate of in-hospital adverse events(TIA, per-
manent bradycardia, hypotension) was 18.1%(4/22).
Of these events, one patient(4.5%) had a hemispheric
TIA(neurological symptoms that resolved within 24
hours), and two(9.5%) had severe bradycardia (despite
routine prophylactic atropine before stent placement)
and one patient(4.7%) had hypotension. We report
a retrospective case series of symptomatic patients
who were deemed high risk of underwent CAS. The
low periprocedural 30-day stroke/TIA/MI/death rate
in symptomatic patients(4.7%) compares favorably
with rates of other published studies in other prospec-
tive studies CAVATAS (Carotid and Vertebral Artery
Transluminal Angioplasty Study(9.9%) and SPACE
trial(6.5%)(13,20).

Our study has limitations because it was a retro-
spective chart review; however, all of the patients
were part of several prospective carotid stent trials.
Also, the sample size in this study may not be large
enough for strong conclusions. With more patients
and a longer follow-up, our conclusions might have
been different. However, until we have a randomized
prospective study, the data from our present study
can be useful.

Given the relatively low risk of morbidity and mor-
tality in symptomatic patients in our series, CAS is
still a viable alternative to best medical management
in patients who are high surgical risk of CEA. Further
randomized studies are warranted to compare the
safety and efficacy of the use of CAS in high-risk pa-
tients with symptomatic carotid artery disease.

The authors disclose no conflict of interest.
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