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ABSTRACT 

Background: Carotid artery stenting (CAS) has recently been recommended as 

an alternative to carotid endarterectomy (CEA) by some clinicians. 

Objective: This study was designed to evaluate the success rate and in-hospital 

and 30-day adverse events in our first experiences in Iran for CAS with protection 

devices, to document our results and guide further use of CAS. 

Methods: From December 2003 to December 2004 we performed 21 con

secutive CAS procedures. 16 were men and 5 were women with mean age of 62 years 

(range 46-78 years). Indications for CAS included primary lesions in all patients with 

stenosis >50% in symptomatic and stenosis >80% in asymptomatic patients. 

Results: CAS was technically successful in a1l 21 patients. Mean severity of 

stenosis before CAS was 85%+14% compared with 15%+10% after CAS. No 

periprocedural death occurred. No in-hospital and 30-days minor or major stroke/ 

death was seen. 

Conclusion: Our data suggest that percutaneous stenting of the carotid artery 

when a cerebral protection device is used is feasible and effective but not without 

technical difficulties and potential complications. We recommended CAS for high-risk 

patients for carotid endarterectomy, but this technique has a learning curve for those 

willing to perform the procedure with a low rate of complications. 
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INTRODUCTION 

Carotid endarterectomy (CEA) is the currently rec
ommended standard for management of symptomaticl.3 

and asymptomatic4.5 high grade extracranial carotid 
stenosis. Carotid artery stenting (CAS) has emerged as 
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a useful and potentially less invasive alternative to 
CEA.6•11 Recently published consensus statements 12.13 

have suggested that CAS may be preferred in specific 
subgroups of stenotic lesions, including recurrent ca
rotid stenosis after previous CEA, stenosis in patients 
at high risk with significant medical comorbidity, ana
tomically inaccessible lesions above C, and radiation
induced stenosis. However, recent clinicai trial reportsl4.15 
have documented 30-day stroke and death rates of 10%, 
raising significant issues and concerns regarding the 
safety of this new technique. We began our experience 

with CAS in a prospective case series of patients that 
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had some risk for CEA, to assess our in-hospital and 
short-term results. 

PATIENTS AND METHODS 

From December 2003 to December 2004 a total of 21 
consecutive p atients underwent percutaneous 
angioplasty and stenting of the extracranial carotid 
artery protected by embolic protection devices. Writ
ten, informed consent for intervention was obtained 
from all patients. The demographic and clinical data, 
angiographic evaluation, and neurological history 
characteristics of the study group are summarized in 
Table r and II. 

Inclusion Criteria 

Symptomatic patients with carotid artery stenosis' 
>50% or asymptomatic patients with stenosis >80%. All 
patients had primary carotid stenosis and some of them 
had one or more medical comorbidities for CEA. 

Exclusion Criteria 

Thrombocytopenia, leucopenia, neutropenia, or GI 

bleeding in the previous 3 months, allergy to aspirin, 
clopidogrel, ticlopidine, angiographic appearance of 
fresh thrombus at the carotid lesion site; and 
angiographic appearance of carotid total occlusion. 

Patient Assessment 

Before treatment, all patients underwent careful neu
rological examination performed by an independent 
board-certified neurologist, echo/color flow Doppler (le
sion site), cerebral CT scan or MRI, and angiographic 
evaluation. 

Within 24 hours after the procedure and at the 30-
day follow up, all patients underwent another neuro
logical examination performed by the same independent 
neurologist and a complete echo/color flow Doppler 
evaluation. A post-procedure cerebral CT scan was per
formed only in patients with documented neurological 
complications. 

Definitions 

Procedural success after carotid stent deployment 
was defined as quantitative carotid angiography show
ing <30% residual diameter stenosis of all treated le
sions without alterations in the intracranial circulation 
at the post-procedural angiographic examination (re
sidual diameter stenosis was assessed by averaging at 
least 2 matched views on quantitative angiography). TIA 
was defined as a focal retinal or hemispheric event from 
which the patient made a complete recovery within 24 
hours. Minor stroke was defined as a new neurological 
deficit that either resolved completely within 30 days or 
increased the NIHSS by >3. Major stroke was defined as 

Table I: Clinical data and angiographic evaluation. 

Clinical Data and Angiograpbic Evaluation 

Population study 

Male 

Female 

Age (mean+SD), years 

Angiographic evaluation 

Right carotid artery 
I . 
; Left carotid artery 

: Lesion length (mean) (range) mm 

I Severity of stenosis (mean) (range) % 

I 
Bilateral carotid disease> 70% 

Contralateral carotid occlusion 

Table I: Neurological history. 

Neurological History 

Symptomatic patients for the culprit lesion 

I 
Asymptomatic patients for the culprit lesion 

i 
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n % 

21 100% 

16 75% 

5 25% 

62+16 -

! 
9 45% 

12 55% 

25(15 to 40) -

85% (70%-99%) -

1 5% 

2 10% I 

I n % 

I 
13 60% 

8 40% 
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Fig. 2b. Brain flow before angioplasty. 

Fig. 1. The devices used. 

Fig. 2a. Left internal carotid ( LICA ) stenosis. Fig. 2c. Filterwire with predilation of stenosis. 

MJIRl, Vol. 19, No. 3, 223-230,2005 /225 
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Fig. 2d. Stenosis after predilation. 

a new neurological deficit that persisted for >30 days 
and increased the NIHSS by >4. Finally, fatal stroke was 
defined as death attributed to an ischemic stroke or in
tracerebral hemorrhagic stroke. 

Medical Treatment 

Before the procedure all patients were treated with 
ASA 325 mg/d and Plavix 75 mg/day at least 5 days be
fore admission. During the procedure the mean dosage 
of Na-heparin used during the procedure was 100 u/kg . 
A mean of 1 mg atropine was given to patients before 
balloon inflation. Post-procedure plavix 75 mg/day was 
continured for at least 30 days and aspirin was contin
ued indefinitely. 

Carotid Artery Stenting Protocol and Devices 

Local anesthetic (2% Lidocaine) was infiltrated at the 
access site. No sedation was given before or during the 
procedure. Intra-arterial blood pressure were monitored 
continuously, and neurologic status was assessed at 
regular intervals. ACT was maintained at 250 to 300 sec
onds. 

Standard retrograde access was achieved through the 
common femoral artery, with a 7F vascular sheath. A 0.035 

226 \ MlIRI, Vol. 19, No.3, lU-13fP, 2005 

Fig. 2e. Undilated stent. 

inch guide wire (175 cm) was used and the common ca
rotid,artery was selectively engaged directly by use of a 
primary guiding catheter. When use of primary guiding 
catheter was not possible because of particular anatomy 
of the Supra-Aortic vessels, we placed a stiff wire into 
the external carotid artery for positioning of a long sheath 
or guiding catheter into the common carotid artery. Then 
al l patients underwent an angiographic examination of 
the culprit carotid lesion in 2 different projections CAP 
and lateral) and an angiographic examination of the in
tracranial circulation in the AP and lateral projection. 
The same angiographic checkup was performed at the 
end of the procedure to determine whether there was 
any variation in the intracranial blood flow. (Figure I) 
Embolic protection devices were used for all patients. 
We used two models, Boston scientific filter wire EZ (15 
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Fig. 2f. Post-dilation of stent. 

cases) and filter device Accunet, Guidant (6 cases). (Fig
ure 2) 

Carotid Stenting 

Carotid stenting was carried out by use of self-ex
pandable stents in all cases. The stents were two types, 
Boston scientific carotid wallstent (15 cases) and Guidant 
Acculink (6 cases). Predilation was performed with coro
nary balloons in tight or subocc1usive carotid stenosis. 
The predilation balloons were routinely undersized (Ar
tery/balloon ratio: 1. 8 to 1. 5) to reduce vessel dissection 
and/or distal embolization. Stent placement was opti
mized with postdilation by using suitably sized balloons 
based on quantitative analysis of the vessel. During the 
postdilation phase, atropine (1 mg I V )  was given to all 
patients before inflation to reduce the bradycardia and 

Fig. 2g. Final result. 

hypotension potentially associated with carotid dilation. 
Patients were transferred to the CCU for two days 

and were discharged on the third day. Neurologic exami
nation was done predischarge with duplex and/or CT 
scan. A significant arterial access site complication was 
defined as any dissection, hematoma, pseudoaneurysm, 
arteriovenous fistula, or infection. 

RESULTS 

All CAS procedures were accomplished successfully 
(residual stenosis <30%). No contrast extravasation, ar
terial disruption, or subintimal dissections were ob
served. Residual stenosis after CAS did not exceed 20% 
in any case; mean residual stenosis was l 5%±5% (SD). 
Arterial access site hematoma was seen in two patients 

but no pseudo-aneurysm requiring blood transfusion or 
operative intervention was observed. Simple neurologi-

MJIRJ, Vol. 19, No.3, 223-230, 2005 /227 
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cal examination during the procedure and just after was 
normal. Mild headache and lightheadedness or slight 
discomfort in the neck and ipsilateral ear or mandible 
was observed in 5 patients, that resolved after some min
utes. Significant bradycardia and one 3 second SA ar
rest were seen during balloon dilatation in 3 patients. 
Inhospital stroke and death was not seen. All patients 
were discharged two to four days after the procedure 
without any complications and complaints. All patients 
were re-examined in two weeks and after 30 days. Over
all 30 day stroke was zero. One death occurred for one 
left main patient because of CABG in the third week after 
CAS. The reason of death was pump failure. Another 
patient was admitted in the second week because of CHF 
and was treated. In 30 days follow up there was no major 
or minor neurological complication such as TIA, retinal 
infarction or epileptic seizures. 

DISCUSSION 

Elective carotid artery stenting (CAS) may provide 
an alternative to carotid endarterectomy (CEA). Espe
cially in those patients deemed to be at higher risk for 
endarterectomy. The short-term results derived from the 
largest series reported to date confirm other reports that 
suggest that the procedure can be performed with an 
acceptable complication rate.9.14.l5 The long term dura
bility of CAS, however, has not been previously exam
ined. CAS is now being performed in many centers 
around the world with low complication rates.14.16 Data 
from a worldwide registry reported a techniqual success 
rate of 98.4% and an overall minor stroke rate of2.7%, a 
major stroke rate of 1.49% and a mortality rate of 0.88%.15 
Although techniques vary slightly between operators 
and centers, these results are concordant with the find
ings of this study which suggest that CAS can be car
ried out with acceptable procedural outcomes. 

The only randomized study to date, the Carotid and 
Vertebral Artery Transluminal Angioplasty Study 
(CAVATS), comparing carotid angioplasty (with bailout 
stenting in 26 %) and CEA, demonstrated similar 
periprocedural stroke rates for the 2 groups (10% and 
9.9% respectively). 17 Meaningful comparison of the re
sults of this present study with complication rates from 
published CEA studies is limited by differences in case 
mix, completeness of neurological evaluation, and 
nonstandardized end points. In particular, a large 
proportion of symptomatic patients in this study 
were NASCET ineligible.18 Nonetheless, stroke rates 
often CAS appear to be in a range similar to those 
observed in randomized trials of CEA for symptom
atic patients. In NASCET, the 30-day minor stroke 
rate was 4%, major stroke rate was 1.6 %, mortality 
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rate was 1.2% and overall stroke and death rate was 
6 . 7% in patients with sympto m atic carotid sten osis 
(>= 50% diameter stenosis) randomized to the CEA 
arm.19 The veterans affairs cooperative study (VACS) 
also reported a 6 . 5% 30 day stroke and death rate,3 and 
the European carotid stent trial (ECST) reported an  over
all 7% major stroke and death rate in patients with symp
tomatic carotid stenosis.20 For asymptomatic patients, 
comparison is particularly difficult. The Asymptomatic 
Carotid Atherosclerosis Study (ACAS) reported a 
periprocedural stroke and death rate of2.3% in a l ower
risk subset,21 and the asymptomatic surgical group in 
VACS suffered a 4.7% permanent stroke and death rate.4 

In this study, we have shown that in Iran, for con

secutive patients, it is possible to treat extracranial ca
rotid atherosclerotic disease with percutaneous balloon 
angioplasty and stenting with elective carotid stenting. 
Many of our patients were thought to be very poor sur
gical candidates because of secondary conditions such 
as severe coronary artery disease, pulmonary disease, 
advanced age, severe cerebrovascular disease, or other 
factors that elevated the risk of surgery. Forty percent 
of the patients were referred by surgeons. Our patients 
had an average score of 3.5 on the Mayo Clinic carotid 
endarterectomy risk scale. In the Mayo Clinic series, the 
incidence of major complications (permanent stroke, MI 
or death) was 3.1 % for grade 3 patients and 8.1 % for 
grade 4 patients. With using of stenting,22 we were able 
to reduce balloon inflation times and minimize interrup
tions of cerebral blood flow to 15 to 30 seconds. This 
was well tolerated by patients, even those with contralat
eral carotid occlusions. 

We accomplished carotid stenting in 21 consecutive 
procedures, with a technical success rate of 100% , mean 
residual stenosis immediately post-procedure was 15%+5 
(SD). This indicates the technical feasibility of CAS once 
appropriate training and experience with necessary cath
eter and guide wire skills are obtained. Future technical 
adrances, will improve peri procedural outcomes for both 
asymptomatic and symptomatic patients. 

Our good results concering early and 30-day 
complications are because of the number of c ases 
in comparison to national studies such as NASCET 
and ACAS studies. We are in the beginning of a 
long way and must add some patients to our study 
with long-term follow up; this can compromise our 
results with other multi central studies. The poten
tial advantages of CAS over CEA include avoidance 
of neck wound complications and cranial nerve p al
sies and a reduction in periprocedural MI. These 
results underscore the need to v alidate this l ess 
invasive procedure against CEA, the current "gold 
standard" surgically proven treatment for carotid 
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artery disease. Each institution must make decisions 
regarding continued use of CAS on the basis of their 
individual experiences.2J.24 

. 

CONCLUSION 

This carefully conducted, prospective study has dem
onstrated that an experienced multidisciplinary group of 
operators can safely treat high risk patients with extrac
ranial carotid disease with percutaneous techniques. This 

is a small, single-center series and requires confirmation 
in a larger, multicenter study. Ultimately, a randomized 
trial comparing percutaneous stenting with carotid en
darterectomy may be indicated.25•26 
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