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Objective : An effective intervention has not yet been established for patients with acute occlusion of the internal carotid artery (ICA). The aim
of our study was to investigate the feasibility, safety, and efficacy of emergent stent placement of carotid artery to improve neurologic symptoms
and clinical outcome.

Methods : Of 84 consecutive patients with severe ICA stenosis who were admitted to our institution from March 2006 to May 2009, 10 patients
with acute ICA occlusion (11.9%) underwent emergency carotid artery stent placement. We reviewed their records for neurologic outcome using
the National Institutes of Health Stroke Scale (NIHSS) score, before and at 7 days after stent placement; clinical outcome using the modified
Rankin Scale score (mRS) and Glasgow Outcome Scale (GOS); frequency of procedure-related complications; and recurrence rate of ipsilateral
ischemic stroke within 90 days.

Results : Carotid lesions were dilated completely in all patients. Median NIHSS scores before emergency stent placement and at 7 days were
16.6 and 6, respectively, showing significant improvement. Eight patients (80%) had favorable outcomes (MRS score 0-2 and GOS 4-5).
Complications occurred in two patients (20%): stent insertion failed in one and an intracerebral hemorrhage occurred in the other. Ipsilateral
ischemic stroke did not recur within 3 months.

Conclusion : Emergency carotid artery stent placement can improve the 7-day neurologic outcome and the 90-day clinical outcome in selected

patients with acute cerebral infarction.
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INTRODUCTION

Stroke is the most common and disabling neurologic dis-
order in the elderly population'”. Carotid artery stenting
(CAS) and carotid endarterectomy (CEA) are commonly
petformed revascularization procedures to prevent stroke in
patients with severe carotid artery stenosis®”. Until now,
important landmark studies such as the North American
Carotid Endarterectomy Trial (NASCET) and the Asym-
ptomatic Carotid Atherosclerotic Study (ACAS) have found
that surgical intervention is beneficial in reducing the rela-
tive risk in patients with significant carotid artery atheros-
clerotic disease”.
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However, for patients with acute ischemic stroke who pre-
sent with serious neurological deficits on admission or are
neurologically aggravated due to total occlusion or a high-
grade stenosis of the internal carotid artery (ICA) despite
maximal medical treatment, an effective intervention to im-
prove their neurologic symptoms and clinical outcome has
not yet been established.

CEA has proved to be beneficial in the prevention of stroke
recurrence in patients with a high-grade stenosis of the ICA,
but emergency CEA carries the risk of decreasing cerebral
blood flow (CBF) in the cerebral hemisphere during the
operation and may render the affected hemisphere more
vulnerable to ischemia. As an alternative to the traditional
surgical treatment of carotid artery occlusive disease, there
has been much interest in the use of carotid artery stent
placement”. Endovascular specialists are becoming familiar
with this stent placement procedure, which may be safe and
effective even in the acute stage of ischemic stroke. Emer-
gency carotid artery stent placement is expected to reopen a
carotid occlusion or a critical stenosis with rare reduction in
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CBF in the affected hemisphere dur-
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Table 1. Patients’ clinical profiles and clinical outcome

ing the procedure. We have performed Age/ Occlusion / U o NIHSS o MRS G0s
this emergency procedure in patients Cuse Sex it duration initial/7 days/90 days initicl/7 days/90 days 7 days/90 days
with acute stroke to improve their (month) fiu fiu LS
neurologic symptoms and clinical DM % 81473 4/2/2 o
2 65M LT 35 20/9/10 5/4/4 3/3
outcome. , 3 73M R 2 14/4/3 42/ 4/4
The purpose of our retrospective ;5o R 25 17/6/3 5/3/2 34
study was to investigate the feasibility, 5 M RT 16 17211 5/1/] 5/5
safety, and efficacy of emergency caro- 6 62/M 1 14 16/6/4 4022 4/5
tid artery stent placement. 7 65M RT 13 20/8/9 5/2/2 474
8 T78F RT 12 22/7/6 5/2/2 4/5
MATERIALS AND METHODS 7 8M o RT 12 137616 o2/ 4
10 65/M RT 10 19/8/7 5/4/4 3/3

Patient population

Of 84 consecutive patients with
acute ischemic stroke who were admitted to our institution
within 7 days of onset from March 2006 to May 2009, 10
patients (11.9%) who showed acute occlusion of ICA and
fulfilled our inclusion criteria underwent emergency carotid
artery stent placement. A retrospective review was conduct-
ed of these cases.

Inclusion criteria

Before the emergency carotid artery stent placement, we
checked four inclusion criteria. First, the patients should
have admitted to our institution within 6 hours of the onset
of stroke symptoms and had serious neurologic symptoms
as defined by a National Institutes of Health Stroke Scale
(NIHSS) score of 5 or more just before stent placement.
Second, an magnetic resonance angiography (MRA) should
have shown total occlusion of the ICA related to the neuro-
logic symptoms. Third, there should have been a diffusion-
perfusion mismatch of more than 30% on MR images.
Fourth, the patients should have had faint visible collateral
circulation on MRA. We then performed emergency caro-
tid artery stent placement as soon as possible after admis-
sion in patients who fulfilled the four inclusion criteria.

Techniques of stent placement procedure
Emergency carotid artery stent placement was performed
as soon as possible after admission in patients with sudden
onset of severe stroke or after a diagnosis of progressing
stroke. Transfemoral catheterization was performed, and a
guide catheter was advanced by exchange technique to the
common carotid artery proximal to the ICA occlusion. To
facilitate sizing of balloons and stents, the vessel diameter
was measured after calibration of the system with reference
to the known length of the lead marker. A microguidewire
(0.016-inch GT wire; Terumo, Tokyo, Japan) was inserted
carefully advanced up to the distal ICA, and then a micro-

F: female, F/U : follow up, GOS : Glusgyow Outcome Scule, M : mule, MRS : modified Runkin Scule,
NIHSS : Nationdl Institutes of Hedlth Stroke Scule

catheter (Transit 2; Cordis Endovascular, Johnson & John-
son, New Brunswick, NJ, USA) was navigated across the
carotid occlusion over the wire. After the 180-cm microgui-
dewire was exchanged with a 300-cm-long microguidewire
(0.014 inch, Right Away Super Hard; Piolax, Kanagawa,
Japan), the microcatheter was replaced by a lowprofile 3.0-
or 3.5-mm balloon catheter (Ranger or Gateway; Boston
Scientific, Natick, MA, USA), which was used to modera-
tely dilate the carotid stenosis. A self-expandable stent (Easy
Wallstent; Boston Scientific) or a balloon-expandable stent
(§670; Medtronic Inc., Minneapolis, MN, USA or NIR
Elite; Boston Scientific) was deployed over the residual
stenosis. Stents were selected by referring to the diameter of
the ICA just distal to the carotd stenosis. In case of a narrow
distal ICA or tortuosity of the proximal carotid artery, a
balloon-expandable stent with a small and flexible shaft was
inserted. Then a balloon catheter with a larger diameter
was positioned in the stent site and inflated large enough to
dilate stents and the carotid artery. After deployment of
stents, the stent site as well as the distal ICA and the MCA
were evaluated angiographically.

Management after emergency stent placement
After the procedure, 10 mg of a direct thrombin inhibitor
(Argatroban) was administered intravenously over 2 hours
twice daily for 7 days. Each patient was monitored closely in
the intensive care unit for 24 hours with strict blood pressure
control. After 7 days, all patients received two antiplatelet
agents orally or through a gastrointestinal tube : aspirin 100
mg/day and Plavix 100 mg/day. Brain CT was performed
immediately, at 24 hours, and at 7 days after the procedure.

Outcome measures
For all 10 patients who underwent emergency stent place-
ment, pertinent medical records and imaging studies were
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Fig. 1. Brain MRI of 65-year-old man who showed right side weakness and aphasia. A : Diffusion weighted MRI showing acute cerebral infarction of the left
basal ganglia. B : Perfusion weighted MRI reveals severe perfusion decrease on the left cerebral hemisphere except posterior circulation area. C : DSA
presenting total occlusion of the left ICA. D : DSA showing recanalization of left ICA after stent insertion.

Fig. 2. Follow up MRI and MRA showing that stent insertion site is patent with-
out restenosis (A) and no perfusion decrease in left cerebral hemisphere (B).

reviewed to evaluate neurologic outcome per the NIHSS
score, clinical outcome per the modified Rankin Scale
(mRS) score, Glasgow Outcome Scale (GOS) and frequency
of procedure-related complications within 7 days and at 90
days follow-up.

RESULTS

Among the 10 patients who underwent emergency caro-
tid artery stent placement at our institution (Table 1), 9 pa-
tients were male and 1 patient was female, and ages ranged
from 59 to 80 years (mean, 67.2 years). Mean follow up
duration was 19.9 months. Diffusion-perfusion mismatch-
ing was noted in all patients. On angiogram, all patients
showed ICA total occlusions. In all patients, the cause of
the ICA stenosis or occlusion was considered to be athero-
thrombosis (Fig. 1).

The technical success rate was 90%, with 10 carotid
arteries treated (Fig. 2). Stent insertion failed in only one
patient. Median NIHSS scores before, at 7 days after stent
insertion and at 90 days follow-up were 16.6, 6 and 5.2.
Eight patients (80%) had favorable outcomes [modified
Rankin Scale (mRS) 0-2, GOS 4-5], and two patients (20%)
had severe disability (mRS score over than 4) at 7 days. A

clinically good outcome 90 days after stent insertion was

estimated by mRS and GOS in 80% (8 out of 10) of the
patients.

Complication occurred in two patients (20%) : a failed
stent insertion in one patient and an intracranial hemorrhage
in the other patient. For the latter, the patient did not have
any further neurological deterioration because the ICH was
located in the necrotic core. Ipsilateral ischemic stroke recur-
rence did not occur within 90 days of the emergency stent
insertion procedure.

DISCUSSION

The natural history of carotid-related ischemic stroke is
unclear. According to a review by Meyer et al.”, the prognosis
for patients with acute stroke with carotid occlusion is poor :
40-69% of these patients are permanently disabled, 16-
55% died of the stroke, and only 2-12% had a good reco-
very. Recent data have conclusively shown that patients bene-
fit the most when intervention is performed early (within 2
weeks after the index event) to prevent recurrent stroke,
even though the procedural risk may be higher'*'>'. For
patients with acute ischemic stroke due to total occlusion of
the ICA, an effective intervention to improve neurologic
symptoms and clinical outcome has not yet been establish-
ed". In previous reports, early CEA or carotid artery stent
placement improved neurologic symptoms of acute ischemic
stroke patients*”'>'%. Ekstein et al.” reported that major
stroke-free survival was 53.7% after 5 years in acute ischemic
stroke patients who underwent emergency CEA. In a six-
month follow-up study by Hoppe et al.” on patients who
were treated by emergent carotid artery stent insertion, 15 of
the 16 living patients demonstrated a widely patent stent-
graft. Although we have a relatively short mean follow-up
duration, 8 out of 10 patients showed favorable outcomes in
our study.

From the NASCET study, it is important to note that
other significant morbidities included a 9% incidence of
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wound complication such as hemorrhage and infection,
8.6% incidence of cranial nerve palsy, and an 8.1% 30-day
medical complication rate, most of which prolonged hospi-
talization"”. Risk of CEA is presumably due to vessel
manipulation prior to establishment of arterial cross-clamp.
In contrast, carotid artery stenting can establish proximal
protection before any manipulation of vascular stenosis or
intraluminal thrombus®. In the present study, only one
procedure-related complication occurred (10%). There were
no ipsilateral transient ischemic attack (TIA) or acute ische-
mic stroke recurrences within 90 days, whereas morbidity
rates of 6.3-9.9% have previously been reported in studies of
emergency CEA™'. The risks of carotid stent placement are
comparable to the American Heart Associations (AHA)
guidelines for carotid endarterectomy : less than 6% for
patients with TIAs and less than 7% for patients with
symptomatic strokes'"'?.

Of the 10 patients in the present study, 8 (80%) recovered
or were considered to have a non-disabling stroke at 7 days
after emergency carotid artery stent placement. These results
are better than those previously reported, and NIHSS scores
at 7 days after emergency stent placement showed significant
improvement from baseline scores. Setacci et al."” revealed
that endovascular treatment provided a satisfactory outcome
considering the very high risk profile of the patient popula-
tion (at 30 days : death 2.3%, TIA/stroke 2.3%). Thus, in
this small study, emergency carotid artery stent placement
revealed favorable outcomes in patients who presented with
acute ischemic symptoms with ICA occlusion. More study
is required to determine the role of this therapy in the treat-
ment of patients with acute ischemic stroke and significant
ipsilateral carotid artery stenosis or occlusion.

Despite the poor signs of growth for CAS within the past
few years, it is important to remember several points. First,
CAS is a new procedure done by varying specialties with
different levels of training, involving one of the most de-
manding areas of the human body. Second, the development
of new materials (distal embolic filters and variable stents,
etc.) improve ease of use and effectiveness. However, it is
important to remember that surgery is as good as it will get

and stenting will only get better'”.

CONCLUSION

We treated the acute ICA occlusion patient who fulfilled
our inclusion criteria with emergency carotid artery stent
insertion. Although we have a relatively short follow-up
period and a small number of patients, emergency carotid
artery stent placement seemed to improve neurologic out-
come in patients with acute ischemic stroke from acute

431

Emergency Carotid Artery Stent| HO Lee, et al.

ICA total occlusion.
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