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Emergency Carotid Artery Stent Placement in
Patients with Acute Ischemic Stroke

Keisuke Imai, Takahisa Mori, Hajime Izumoto, Masaki Watanabe, and Kenichiro Majima

BACKGROUND AND PURPOSE: An effective intervention has not yet been established for
patients with acute ischemic stroke who present with serious neurologic symptoms due to
occlusion or a high-grade stenosis of the internal carotid artery (ICA). The aim of our
retrospective study was to investigate the feasibility, safety, and efficacy of emergency carotid
artery stent placement to improve neurologic symptoms and clinical outcome.

METHODS: Of 896 consecutive patients with acute ischemic stroke who were admitted to our
institution within 7 days of onset from July 2000 to June 2003, 17 patients (1.9%) with occlusion
or a high-grade stenosis of the ICA underwent emergency carotid artery stent placement. We
reviewed their records for neurologic outcome, per the National Institutes of Health Stroke
Scale (NIHSS) score, before and at 7 days after stent placement; clinical outcome, per the
modified Rankin Scale score (mRS), at 90 days; frequency of procedure-related complications
within 30 days; 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 12 and 5, respectively, showing significant improve-
ment (P < .01, Wilcoxon rank sum test). Ten patients (59%) had favorable outcomes (mRS score
0-1) at 90 days. Irreversible complications occurred in two patients (12%): distal embolism in

one and intracerebral hemorrhage in the other. No ipsilateral ischemic stroke recurred.
CONCLUSION: Emergency carotid artery stent placement can improve the 7-day neurologic
outcome and may improve the 90-day clinical outcome in selected patients with ischemic stroke.

For patients with acute ischemic stroke who present
with serious neurologic symptoms on admission or
continue to deteriorate neurologically due to total
occlusion or a high-grade stenosis of the internal
carotid artery (ICA) despite maximal medical treat-
ment, an effective intervention to improve their neu-
rologic symptoms and clinical outcome has not yet
been established. Although carotid endarterectomy
(CEA) has proved to be beneficial in the prevention
of stroke recurrence in patients with a high-grade
stenosis of the ICA (1, 2), there have been few studies
of emergency CEA to improve their neurologic symp-
toms (3-7) or no rigorous clinical trials regarding the
efficacy of CEA in an acute stroke stage. Some neu-
rosurgeons have tried to perform CEA for a critical
stenosis of the ICA in patients with acute stroke (8),
since there is a 4.9-12.1% risk of recurrent stroke if
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one waits 4-6 weeks for therapy (9-12). However,
emergency CEA carries a risk that decreases cerebral
blood flow (CBF) in the cerebral hemisphere during
the operation and may render the affected hemi-
sphere more vulnerable to ischemia. Previous studies
(13, 14) have supported carotid artery stent place-
ment as a technique of secondary prevention in the
chronic stroke stage. Endovascular specialists are be-
coming familiar with this stent placement procedure,
which may be safe and effective even in the acute
stage of ischemic stroke (15-18). As emergency ca-
rotid artery stent placement is expected to reopen a
carotid occlusion or a critical stenosis with rare re-
duction in CBF in the affected hemisphere during the
procedure, we have performed this emergency proce-
dure in patients with acute stroke to improve their
neurologic symptoms and clinical outcome.

The purpose of our retrospective study was to in-
vestigate the feasibility, safety, and efficacy of emer-
gency carotid artery stent placement.

Methods

Patient Population

Of 896 consecutive patients with acute ischemic stroke who
were admitted to our institution within 7 days of onset from
July 2000 to June 2003, 17 (1.9%) who fulfilled our inclusion
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criteria underwent emergency carotid artery stent placement.
A retrospective review was conducted of these cases.

Inclusion Criteria

Our inclusion criteria for emergency carotid artery stent
placement were patients with acute ischemic stroke who were
admitted to our institution within 7 days of the stroke onset and
who had serious neurologic symptoms defined as a National
Institutes of Health Stroke Scale (NIHSS) score of 5 or more
just before stent placement, occlusion or a high-grade stenosis
of the ICA related to their neurologic symptoms, and a perfu-
sion-diffusion mismatch on MR images.

All patients had either sudden onset of stroke with severe
hemispheric neurologic deficits including disturbance of con-
sciousness, aphasia or agnosia, or hemiplegia or hemiparesis,
sometimes associated with conjugate deviation of the eyes; or
progressing stroke with the neurologic deficits worsening over
a 24-hour period despite maximal medical treatment (19, 20),
including both fluctuating stroke and stroke in evolution (5). In
all patients, a high-grade stenosis (=70% by North American
Symptomatic Carotid Endarterectomy Trial criteria) or an oc-
clusion suspected to be acute was demonstrable angiographi-
cally in the ICA and was associated with symptoms. Additional
radiologic inclusion criteria based on MR imaging (Signa
EchoSpeed 1.5T, GE Yokogawa Medical Systems) were ab-
sence of or a minimal area showing high signal intensity on
diffusion-weighted (DW) images and decreased CBF ipsilat-
eral to the ICA lesion demonstrated on perfusion-weighted
(PW) images. These findings are regarded as a perfusion-
diffusion mismatch. In PW imaging, relative mean transit time
(rMTT) maps, relative cerebral blood volume (rCBV) maps,
rCBV divided by rtMTT calculated as relative CBF (rCBF)
maps were created with Func Tool (Signa EchoSpeed 1.5 T).
Then, rtMTT, rCBV, and rCBF were measured on regions of
interest positioned in the bilateral middle cerebral artery
(MCA) territory. In every patient, 3D time-of-flight MR an-
giography (28/6.9 TR/TE, 20° flip angle) was also performed.

Patients were excluded if they had embolic ICA occlusion
from cardiogenic or aortogenic embolic sources, they had a
medical contraindication for angiography, or the patient or
family did not give informed consent. Patients with definite loss
of sensorium were not excluded from undergoing emergency
carotid artery stent placement.

Techniques of Stent Placement Procedure

Use of carotid stents in patients with ischemic stroke was
approved by the institutional ethics committee, and patient or
proxy informed consent was obtained before initiation of the
procedure. Emergency carotid artery stent placement was per-
formed as soon as possible after admission in patients with
sudden onset of severe stroke or after a diagnosis of progress-
ing stroke. Transfemoral catheterization was performed, and a
guide catheter was advanced by exchange technique to the
common carotid artery proximal to the ICA stenosis or occlu-
sion. Angulated angiographic views were recorded to fully
display the lesion. 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 (21). A
microguidewire (0.016-inch GT wire; Terumo, Tokyo, Japan)
was inserted carefully to the carotid stenosis and advanced up
to the distal ICA, and then a microcatheter (Transit 2; Cordis
Endovascular, Johnson & Johnson, New Brunswick, NJ) was
navigated across the carotid stenosis over the wire. After the
180-cm microguidewire was exchanged with a 300-cm-long mi-
croguidewire (0.014 inch, Right Away Super Hard; Piolax,
Kanagawa, Japan), the microcatheter was replaced by a low-
profile 3.0- or 3.5-mm balloon catheter (Ranger or Gateway;
Boston Scientific, Natick, MA), which was used to moderately
dilate the carotid stenosis. A self-expandable stent (Easy Wall-
stent; Boston Scientific) or a balloon-expandable stent (S670;
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Medtronic Inc., Minneapolis, MN, or NIR Elite; Boston Sci-
entific) was deployed over the residual stenosis. Stents were
selected by referring to the diameter of the ICA just distal to
the carotid 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 arteriographically. Systemic
anticoagulation was provided by intravenous administration of
a bolus of heparin to maintain an activated clotting time of
greater than 250 seconds during the procedure.

In case of carotid occlusion, the most critical point is to find
the most high-grade atherosclerotic stenotic site in the ICA
that was not opacified with contrast material. A microguide-
wire (0.016-inch GT wire) was inserted carefully to the carotid
occlusion while feeling for a high-grade atherosclerotic stenosis
and advanced up to the distal ICA, and then a microcatheter
(Transit 2) was navigated across the probable high-grade ste-
nosis over the wire. Contrast material was injected slowly
through the microcatheter to identify the patent ICA distal to
the probable high-grade stenosis. The probable high-grade ste-
nosis was dilated with a balloon catheter by an exchange-wire
technique, same as that for a carotid stenosis. After partial
recanalization of the ICA, stents were deployed on the most
atherosclerotic site dilated by the balloon. Stents were selected
as they were for a carotid stenosis. In case of poor opacification
of the distal ICA following initial balloon angioplasty, the
probable diameter of the ICA was regarded as 4—6 mm.

Management During and After Emergency Stent Placement

Heparin 5000 U was administered intraarterially through
the introducing sheath just after insertion into the artery. After
the procedure, each patient was monitored closely in the in-
tensive care unit for 24 hours, with strict blood pressure con-
trol. Heparin therapy 10,000 U/day was continued for 3 days.
Every patient received two antiplatelet agents orally or through
a gastrointestinal tube: aspirin 100 mg/day and ticlopidine 100
mg/day. Aspirin was continued indefinitely, and ticlopidine was
continued for 90 days after the procedure. Cranial CT was
performed immediately, 24 hours, 7 days, and 90 days after
completion of the procedure. Although there are few reports
concerning the hyperperfusion phenomenon after emergency
carotid stent placement in an acute stroke stage, this phenom-
enon does occur in some patients who undergo elective CEA or
elective carotid stent placement (22-25). Probable hyperperfu-
sion phenomenon must be detected immediately after emer-
gency stent placement, since it may lead to cerebral hemor-
rhage or edema and result in poor clinical outcome. CBF
should be examined to evaluate whether or not it is hyperper-
fusion, and single-photon emission CT (SPECT) was per-
formed within 24 hours of the procedure to confirm occurrence
of a hyperperfusion phenomenon, defined as greater flow in
the ipsilateral hemisphere than on the contralateral side. An-
giography was scheduled 90 days after the procedure to con-
firm patency of the vessel with stent.

Outcome Measures and Statistical Analysis

For all 17 patients who underwent emergency stent place-
ment, pertinent medical records and imaging studies were re-
viewed to evaluate neurologic outcome per the NIHSS score at
7 days, clinical outcome per the modified Rankin Scale (mRS)
score at 90 days, frequency of procedure-related complications
within 30 days, and recurrence rate of ipsilateral ischemic
stroke within 90 days of the procedure. Clinical outcome at 90
days was evaluated in the outpatient clinic. In patients with
severe disability (mRS score 4-5) or death, the patients’ fam-
ilies were interviewed. Change in the NIHSS score during the
7 days was estimated with the Wilcoxon rank sum test. A value
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TABLE 1: Patient characteristics and clinical information before emergency carotid artery stent placement

Case No./Sex/ Type of Onset to
Age (y) Stroke Clinical Symptoms NIHSS Score Treatment Procedure (hrs)
1/F/83 SO Deep coma, CD, QP 28 Aspirin, ticlopidine 2
2/M/65 SO Somnolence, MA, FP, HP 9 Aspirin 10
3/M/69 SO Coma, CD, HP 19 None 24
4/M/60 SO Coma, HP 18 None 8
5/M/68 SO Somnolence, HP 7 Aspirin 12
6/M/28 SO Somnolence, FP, HP 13 None 2
7/M/78 SO Stupor, AG, CD, FP, HP 15 None 17
8/M/83 SO Somnolence, FP, HP 12 Aspirin 18
9/M/66 SO Somnolence, FP, HP 11 None 6
10/F/86 PR Somnolence, SA, HP 12 Heparin 125
11/M/69 PR Somnolence, AG, HP 11 Heparin, ozagrel sodium 72
12/M/68 PR AG, HP 5 Heparin, ozagrel sodium 149
13/F/74 PR Stupor, AG, FP, HP 15 Argatroban 54
14/F/69 PR Somnolence, FP, HP 7 Argatroban, aspirin 120
15/M/82 PR Coma, CD, HP 24 Heparin 26
16/M/62 PR FP, HP 5 Heparin, aspirin 120
17/M/79 PR FP, HP 5 Argatroban, ticlopidine 168

Note.—SO indicates sudden onset of severe stroke; PR, progressing stroke; CD, conjugate deviation of the eyes; QP, quadriparesis; MA,
motor-dominant aphasia; FP, facial palsy; HP, hemiplegia or hemiparesis; AG, agnosia; SA, sensory-dominant aphasia.

TABLE 2: Preprocedure MR findings

. . PW Imaging . o

Case No./Sex/ Side of Area of High Perfusion-Diffusion
Age (y) Lesion Signal Intensity DW Imaging rMTT rCBV rCBF Mismatch
1/F/83 L CP Small abnormality Delay Small decrease Small reduction Small
2/M/65 L DBZ, CF Small abnormality Delay  Small decrease Small reduction Small
3/M/69 L BG Small abnormality Delay  Large decrease  Large reduction Large
4/M/60 L None Normal Delay Large decrease Large reduction Large
5/M/68 R None Normal Delay  Large decrease  Large reduction Large
6/M/28 R DBZ, CF Small abnormality Delay  Large decrease  Large reduction Large
7/M/78 R SBZ, CF Small abnormality Delay  Small decrease Small reduction Small
8/M/83 R None Normal Delay  Large decrease  Large reduction Large
9/M/66 R DBZ, CF Small abnormality Delay  Large decrease  Large reduction Large
10/F/86 L SBZ, DBZ Small abnormality Delay Large decrease Large reduction Large
11/M/69 R DBZ, CP Small abnormality Delay  Small decrease Small reduction Small
12/M/68 R SBZ Small abnormality Delay  Small decrease Small reduction® Small
13/F/74 R DBZ, CF Small abnormality Delay Small decrease Small reduction Small
14/F/69 L DBZ Small abnormality Delay  Small decrease Small reduction Small
15/M/82 L CF Small abnormality Delay  Small decrease Small reduction Small
16/M/62 L DBZ Small abnormality Delay  Large decrease Large reduction Large
17/M/79 R DBZ Small abnormality Delay  Small decrease Small reduction Small

Note.—CP indicates cortex of the parietal lobe; DBZ, deep border zone; CF, cortex of the frontal lobe; BG, basal ganglia; SBZ, superficial border

zone.
* Contralateral ICA stenosis.

of P less than .05 was considered indicative of statistical signif-
icance. A commercially available software package (StatView,
version 5; SAS Institute Inc., Cary, NC) was used to perform
the statistical analysis.

Results

Among the 17 patients who underwent emergency
carotid artery stent placement at the our institution,
13 were male and four were female; ages ranged from
28 to 86 years (mean, 69.9 years). Nine patients dem-
onstrated sudden onset of severe stroke, whereas
eight demonstrated progressing stroke. Oral anti-
platelete drugs had been started more than 30 days
before admission in four patients with sudden onset

of severe stroke (Table 1) and in one patient with
progressing stroke (case 16), whereas these drugs had
been started several days before stent placement in
two patients with progressing stroke (5 and 7 days in
cases 14 and 17, respectively). All patients with pro-
gressing stroke had received an intravenous anti-
thrombotic agent immediately after admission. Mean
elapsed time from onset to emergency stent place-
ment was 54.9 = 58.1 hours (Table 1).
Preprocedure DW images depicted no acute infarc-
tion in three patients, and a perfusion-diffusion mis-
match was noted in all patients (Table 2). On angio-
grams, mean degree of ICA stenosis was 93.5 *
10.0%, including four occlusions (Table 3). ICA pseu-
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TABLE 3: Preprocedure angiographic findings and devices used for emergency carotid artery stent placement

AINR: 26, May 2005

Case No./Sex/ Preprocedure Protection
Age (y) Stenosis (%) Cause of Lesion Stent Devices Technique
1/F/83 99 Atherothrombotic S670 No
2/M/65 99 Atherothrombotic S670 No
3/M/69 94 Atherothrombotic NIR Elite No
4/M/60 100 Atherothrombotic S670 No
5/M/68 93 Atherothrombotic S670 No
6/M/28 100 Dissection Easy Wallstent No
7/M/78 99 Atherothrombotic NIR Elite No
8/M/83 100 Atherothrombotic Easy Wallstent Yes
9/M/66 99 Atherothrombotic Easy Wallstent Yes
10/F/86 100 Atherothrombotic S670 No
11/M/69 95 Atherothrombotic S670 No
12/M/68 75 Atherothrombotic NIR Elite No
13/F/74 99 Atherothrombotic S670 No
14/F/69 99 Atherothrombotic NIR Elite No
15/M/82 70 Atherothrombotic Easy Wallstent No
16/M/62 95 Atherothrombotic Easy Wallstent No
17/M/79 75 Atherothrombotic Easy Wallstent No

do-occlusion (26) was judged to represent 99% ste-
nosis. In all patients except one with dissection, the
cause of the ICA stenosis or occlusion was considered
to be atherothrombosis. Ipsilateral intracranial ICA
stenosis representing a tandem lesion was detected in
one patient (case 15); ipsilateral intracranial ICA-
MCA occlusion representing coincidental occlusion
or distal embolism was seen in another (case 6).
Contralateral ICA stenosis was present in one patient
(case 12), bilateral vertebral artery severe stenosis
was seen in one patient (case 1), and basilar artery
occlusion was seen in another (case 5).

The technical success rate was 100%, with 17 ca-
rotid arteries treated (Figs 1-4). Balloon-expandable
stents were used in 11 arteries. No protective device
was used during the procedure in 15 patients, whereas
distal protection was used in two (Table 3). The mean
degree of stenosis in the treated ICA just after stent
placement was 8.5 = 6.3%, and no restenosis was
seen in the 13 patients who underwent follow-up
angiography at 90 days (Table 4).

SPECT performed within 24 hours after stent
placement revealed hyperperfusion phenomenon in
four patients, all of whom received additional treat-
ment with an antihypertensive drug, a sedative, an
anticonvulsant, and edaravone (27) as prophylaxis
against cerebral hyperperfusion syndrome. CT just
after stent placement revealed no abnormal findings.
CT 24 hours after stent placement disclosed new
findings in three patients. Ipsilateral subarachnoid
hemorrhage with mild cerebral edema was found in
two patients, but remained subclinical and disap-
peared within 7 days (Table 4). New putaminal in-
farction occurred in one patient (case 7).

Median NIHSS scores before and at 7 days after
stent placement were 12 and 5, respectively, repre-
senting rapid significant improvement (P < .01, Wil-
coxon rank sum test; Fig 5). Ten patients (59%) had
favorable outcomes (mRS score 0-1), three patients
(18%) sustained moderate disability (mRS score
2-3), and three patients (18%) had severe disability

(mRS score 4-5) at 90 days. The other patient (6%)
died of congestive heart failure 10 days after the
procedure (Table 5).

Hypotension and bradycardia occurred during or
after angioplasty in four patients, who were treated
with intravenous atropine and transvenous temporary
pacing; hypertension occurred in five patients, who
were treated with antihypertensive agents (Table 5).
All of these occurrences were reversible, with com-
plete recovery within 24 hours of the procedure.
However, two patients (12%) had irreversible neuro-
logic deficits related to stent placement at 30 days;
these resulted from distal embolism during the pro-
cedure in one and from intracerebral hemorrhage 5
days after the procedure in the other. The first patient
(case 7) suddenly developed left hemiplegia immedi-
ately after the procedure, and angiography revealed
MCA occlusion. Thrombolysis was performed with
urokinase, administered locally into the MCA
through a microcatheter, achieving partial MCA re-
canalization. However, his symptoms—hemiso-
matognosia and left hemiparesis—did not resolve,
and follow-up CT disclosed a right putaminal infarc-
tion not present before the procedure. The second
patient (case 16) developed headache, vomiting, and
arterial hypertension 5 days after the procedure, rap-
idly followed by global aphasia and right hemiplegia.
CT disclosed a large left putaminal intracerebral
hemorrhage; aggressive treatment of elevated intra-
cranial pressure failed to improve his neurologic def-
icit. Except for the one embolic complication, no
ipsilateral ischemic stroke recurrence was seen within
90 days of the emergency stent placement procedure.

Discussion

The natural history of carotid-related ischemic
stroke is unclear. According to a review by Meyer et
al (4), the prognosis for patients with acute stroke
with carotid occlusion is poor: 40—-69% of these pa-
tients were permanently disabled, 16-55% died of the
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Fic 1. Images obtained on admission in case 1.
A, DW image reveals slightly high signal intensity in the cortex of the left parietal lobe.
B, The rMTT map of PW image shows delay of 15-25% in the territory of the left MCA (ROI 2 and 4).
C, The rCBV map of PW image shows slight decrease of 2-12% in the territory of the left MCA (ROI 2 and 4).
D, The rCBF map of PW image reveals reduction of 11-23% in the territory of the left MCA (ROI 2 and 4).
E, MR angiogram shows poor visualization of the left ICA.

Fic 2. Periprocedural images obtained in case 1.
A, Lateral left carotid angiogram obtained before the procedure shows severe stenosis at the origin of the ICA.
B, Lateral left carotid angiogram obtained during the procedure demonstrates stent implantation and postdilation.
C, Lateral left carotid angiogram obtained after the procedure shows an excellent angiographic result.
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Fic 3. Images obtained on admission in case 4.
A, DW image reveals no area of high signal intensity in the left cerebral hemisphere.
B, The rMTT map of PW image shows delay of 15% in the territory of the left MCA (ROI 4).
C, The rCBV map of PW image shows slight decrease of 11.2% in the territory of the left MCA (ROI 4).
D, The rCBF map of PW image reveals reduction of 43% in the territory of the left MCA (ROI 4).
E, MR angiogram shows no visualization of the left ICA.

A

Fic 4. Periprocedural angiograms obtained in case 4.

A, Lateral left carotid angiogram obtained before the procedure shows occlusion at the origin of the ICA.

B, Lateral left carotid angiogram obtained during the procedure demonstrates stent implantation and postdilation.

C, Lateral left carotid angiogram obtained after the procedure shows essentially complete recanalization with 14% residual stenosis
of the ICA.

stroke, and only 2-12% had a good recovery. The rates of 54-60% (28, 29). Of 17 patients in the
natural history of progressing stroke also is unfavor- present study, 10 (59%) recovered or were considered
able, with mortality rates of 14-36% and disability to have a nondisabling stroke at 90 days after emer-
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TABLE 4: Postprocedure findings
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Case No./Sex/ Postprocedure Stenosis at 90 HP at CT Findings within 24
Age (y) Stenosis (%)* days (%)* SPECT hrs after Procedure
1/F/83 5 20 Negative SLA

2/M/65 10 20 Negative SLA

3/M/69 12 12 Negative SLA

4/M/60 14 40 Positive NLA + SAH
5/M/68 0 0 Positive NLA

6/M/28 8 8 Negative LLA

7IM/78 12 20 Negative LLA

8/M/83 5 5 Negative SLA

9/M/66 15 0 Positive SLA

10/F/86 20 No evaluation Positive SLA + SAH
11/M/69 0 No evaluation Negative SLA

12/M/68 0 10 Negative SLA

13/F/74 18 20 Negative SLA

14/F/69 8 8 Negative NLA

15/M/82 10 No evaluation Negative SLA

16/M/62 8 0 Negative SLA

17/M/79 0 No evaluation Negative SLA

Note.—HP indicates hyperperfusion phenomenon; SLA, small low-attenuation area; LLA, large low-attenuation area; NLA, no low-attenuation

area; SAH, subarachnoid hemorrhage.
* Evaluation by angiography.

NIHSS score
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Fic 5. NIHSS scores at 7 days after emergency carotid stent
placement (symbols on right) improved significantly (P < .01)
compared with baseline scores (symbols on left). W indicates
Wilcoxon rank sum test; @, patients with sudden onset of severe
stroke; A, patients with progressing stroke.

gency carotid artery stent placement. When patients
were grouped by time course, six (67%) of nine pa-
tients with sudden onset of severe stroke and four
(50%) of eight patients with progressing stroke were
nondisabled at 90 days. These results are better than
those reported previously, and NIHSS scores at 7
days after emergency stent placement had improved
significantly from baseline scores. Thus, in this small
study, emergency carotid artery stent placement com-
pared with historical control subjects treated with
medical management was associated with a favorable
outcome. More study is required to determine the
role of this therapy in the treatment of patients with
acute ischemic stroke and an associated significant
ipsilateral carotid artery stenosis or occlusion.

Some studies have reported efficacy of emergency

CEA in carotid-related stroke (3-8). A previous
study (6) of emergency CEA reported results compa-
rable to those of the present emergency stent place-
ment study, which, however, included more serious
cases. As for safety of emergency carotid stent place-
ment, two permanent procedure-related complica-
tions occurred in the present study (12%), whereas
morbidity rates of 6.3-9.9% have been reported in
studies of emergency CEA (4, 6, 7), with rates in
elective carotid stent placement ranging from 2.4% to
4.4% (13, 14). Thus, emergency carotid stent place-
ment has safety at least comparable to that of emer-
gency CEA, but is not as safe as elective carotid stent
placement.

Artery-to-artery embolism, hemodynamic insuffi-
ciency, acute circulatory failure, or a combination of
these (30, 31), perhaps triggered by plaque rupture or
hemorrhage into a plaque (32), might account for
progression in carotid-related stroke. The main ther-
apeutic aim of emergency carotid stent placement is
not removal of an ongoing embolic source, but resto-
ration of blood flow to rescue the ischemic penumbra
in the affected hemisphere. The present study there-
fore included patients with sudden onset of severe
stroke or with progressing stroke and excluded pa-
tients with crescendo transient ischemic attacks; the
latter are believed largely to result from repeated
artery-to-artery carotid embolism, since such patients’
carotid plaques commonly show surface irregularity
and ulceration at pathologic examination (33). In
addition, all of our patients who underwent emer-
gency carotid stent placement were examined with
PW imaging before the procedure to confirm a de-
crease of CBF in the affected hemisphere.

Some smaller nonrandomized studies demon-
strated efficacy of emergency CEA for patients with
carotid territory stroke, but they excluded patients in
coma (5-8); these patients were included in our



1256 IMAI

TABLE 5: Clinical results
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NIHSS Score

Case No./Sex/ Just Before

At 7 Days after

mRS Score at 90 Days Procedure-Related

Age (y) On Admission Procedure Procedure after Procedure Complications
1/F/83 28 28 3 1 Hypotension, bradycardia
2/M/65 9 9 0 0 None

3/M/69 19 19 14 4 None

4/M/60 18 18 1 0 Hypertension

5/M/68 7 7 4 0 Hypotension, bradycardia
6/M/28 13 13 9 3 None

7/M/78 15 15 13 4 Hypertension, distal embolism
8/M/83 12 12 5 1 Hypertension

9/M/66 11 11 5 1 Hypertension

10/F/86 4 12 15 4 Hypertension

11/M/69 11* 11 2 2 Hypotension, bradycardia
12/M/68 2 5 0 0 None

13/F/74 15% 15 9 1 None

14/F/69 4 7 0 0 None

15/M/82 3 24 24 6 None

16/M/62 1 5 15 3 Putaminal hemorrhage
17/M/79 2 5 3 0 Hypotension, bradycardia

* Scores of patients transferred from another hospital.

present study unless a large area of high signal inten-
sity was detectable on DW images in the ipsilateral
hemisphere. Estimation of degree of viability in the
affected hemisphere by DW imaging may be essential
for attempting emergency carotid stent placement. By
using DW imaging to exclude high-risk patients from
undergoing emergency stent placement who had ra-
diologic evidence of large irreversible ischemic
stroke, we could minimize the chance that the patient
would have massive hemorrhagic transformation of
the infarct after recanalization. Since reversibility of
the brain tissue ischemia is associated strongly with
collateral flow, the time window for recanalization by
emergency carotid stent placement is variable in pa-
tients with carotid-related stroke.

Whether to perform emergency intervention, ei-
ther CEA or carotid stent placement, in patients with
acute stroke who have symptom-related ICA occlu-
sion has been controversial (4-7, 32, 34-37). When
acute neurologic deficits are ascribed to ICA occlu-
sion, they can be reduced if the ICA is recanalized
without delay, and emergency carotid stent placement
was attempted in such patients. No definitive indica-
tion for emergency stent placement has been demon-
strated in patients with an occluded ICA. A signifi-
cantly higher risk of complications such as embolic
events or even perforation of the arterial wall can be
anticipated in such patients, since clot invariably
forms distal to an occlusion site and propagates to the
first main collateral, while remaining fixed to the
arterial wall. Particular care may be necessary if
emergency carotid stent placement is to be performed
safely in such a situation.

Neither localized thrombolysis nor angioplasty for
MCA occlusion coupled with ipsilateral ICA occlu-
sion (case 6) was performed, because DW imaging
showed irreversible infarction of a large territory in
the ipsilateral hemisphere. Eckstein et al (6) reported

that neurologic outcome following emergency CEA
was strongly influenced by coexistent MCA embo-
lism. Mori et al (18) reported emergency angioplasty
and stent placement for both embolic MCA occlusion
and ipsilateral ICA stenosis at the acute stroke stage.
In the present study, one patient (case 7) had a
diagnosis of embolic MCA occlusion immediately af-
ter emergency carotid stent placement, which likely
occurred in association with the procedure; additional
thrombolysis with urokinase was then performed. A
combination of thrombolysis and emergency stent
placement may offer treatment for both the embolus
and the focus of ICA stenosis (32, 34).

Other procedure-related complications, including
hemodynamic instability such as hypotension, hyper-
tension, or bradycardia, occurred in nine (53%) of 17
patients. The frequency of these complications in the
present study did not differ from that seen in a study
on elective carotid stent placement (38), nonetheless,
hemodynamic instability may increase damage to
ischemic penumbra in the acute stage, so rigorous
management of vital signs is required in patients un-
dergoing emergency carotid stent placement. In one
patient (case 15) who died of congestive heart failure
10 days after the procedure, emergency stent place-
ment might have aggravated his condition, although
he had manifested congestive heart failure before the
procedure and hemodynamic instability did not dete-
riorate during the procedure.

In another patient (case 16), putaminal hemor-
rhage occurred 5 days after the procedure and prob-
ably was related to the cerebral hyperperfusion syn-
drome. His small infarct in the deep border zone on
DW images before the procedure showed no change
on postprocedure CT scans; his intracerebral hemor-
rhage did not represent hemorrhagic transformation
of the infarct, but probably resulted from delayed
cerebral hyperperfusion syndrome. Although post-
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procedure SPECT disclosed no hyperperfusion phe-
nomenon in this patient, delayed hyperperfusion
might have occurred in relation to increased ipsilat-
eral cerebral perfusion, as parasympathetic discharge
after stent placement in the carotid sinus was re-
stored. After angioplasty of an extracranial artery, the
cerebral hyperperfusion syndrome has been reported
to occur in 5% of patients even during the chronic
stage (25). One mechanism of hyperperfusion syn-
drome involves impairment of cerebrovascular auto-
regulation, which is more severe in the acute stroke
stage; preocclusive stenosis of 90-99% is reported to
carry an even greater risk for its development in
patients undergoing CEA (22). As for occurrence of
either hyperperfusion phenomena or delayed cere-
bral hyperperfusion syndrome in patients undergoing
emergency carotid stent placement, one of these con-
ditions developed in five (29%) of our 17 patients,
who overall had a mean degree of stenosis of 93.5%.
This occurrence is much higher than that reported in
elective carotid stent placement or in emergency
CEA (7). Mori et al (24) reported intraventricular
hemorrhage 4 hours after carotid stent placement in a
patient who had shown severely reduced regional
vasoreactivity ipsilateral to the ICA lesion on prepro-
cedure SPECT images. A great reduction in regional
vasoreactivity can be expected in all patients with
sudden onset of a major stroke or with progressing
stroke. However, our patients included two who de-
veloped subclinical subarachnoid hemorrhage as a
reperfusion injury, which has not been reported after
CEA, although Schoser et al (23) reported one pa-
tient developing severe subarachnoid hemorrhage 16
hours after elective angioplasty. Therefore, cerebral
hyperperfusion syndrome may occur occasionally in
patients undergoing emergency carotid stent place-
ment. As clinical findings in cerebral hyperperfusion
may be difficult to differentiate from those in cerebral
ischemia, strict monitoring for evidence of hyperper-
fusion is necessary for at least the first 7 days after the
procedure. Signs suggestive of hyperperfusion are an
indication for aggressive blood pressure control even
in the acute ischemic stage. Not only impaired cere-
bral autoregulation, but also hypertension associated
with carotid baroreceptor or microvascular failure at
the level of the blood-brain barrier reflecting perfu-
sion breakthrough into a recent infarct or spontane-
ous hemorrhagic conversion by showers of microem-
boli may occur after stent placement (39); these may
contribute to cereberal hyperperfusion syndrome in
emergency carotid stent placement. Further investiga-
tion is needed to better define underlying mechanisms.

Since an antithrombotic agent had not been in use
before emergency stent placement in five of nine
patients with sudden onset of severe stroke in the
present study, intravenous heparin was administered
continuously and daily oral antiplatelet agents were
prescribed to avoid subacute thrombosis of vessels
with stents and consequent thromboembolism. How-
ever, we remained vigilant since antithrombotic ther-
apy carries risks of hemorrhagic complications such as
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hemorrhagic infarction or cerebral hyperperfusion
syndrome.

Conclusion

Our results suggest that emergency carotid artery
stent placement can improve 7-day neurologic out-
come and may improve clinical outcome at 90 days in
selected patients with ischemic stroke and total oc-
clusion or a high-grade stenosis of the ICA.

Acknowledgments

The authors acknowledge the valuable assistance of special-
ized nurses and radiologic technicians in our neuroendovascu-
lar catheterization room.

References

1. North American Symptomatic Carotid Endarterectomy Trial Collab-
orators. Benefit of carotid endarterectomy in patients with symptom-
atic moderate or severe stenosis. N Engl J Med 1998;339:1415-1425

2. European Carotid Surgery Trialists’ Collaborative Group. Ran-
domised trial of endarterectomy for recently symptomatic carotid
stenosis: final results of the MRC European Carotid Surgery Trial
(ECST). Lancet 1998;351:1379-1387

3. Mentzer RM Jr, Finkelmeier BA, Crosby IK, Wellons HA Jr.
Emergency carotid endarterectomy for fluctuating neurologic def-
icits. Surgery 1981;89:60-66

4. Meyer FB, Sundt TM Jr, Piepgras DG, Sandok BA, Forbes G. Emer-
gency carotid endarterectomy for patients with acute carotid occlusion
and profound neurological deficits. Ann Surg 1986;203:82-89

5. Greenhalgh RM, Cuming R, Perkin GD, McCollum CN. Urgent
carotid surgery for high risk patients [Suppl]. Eur J Vasc Surg
1993;7:25-32

6. Eckstein HH, Schumacher H, Klemm K, et al. Emergency carotid
endarterectomy. Cerebrovasc Dis 1998;9:270-281

7. Brandl R, Brauer RB, Maurer PC. Urgent carotid endarterectomy
for stroke in evolution. Vasa 2001;30:115-121

8. McPherson CM, Woo D, Cohen PL, et al. Early carotid endarter-
ectomy for critical carotid artery stenosis after thrombolysis ther-
apy in acute ischemic stroke in the middle cerebral artery. Stroke
2001;32:2075-2080

9. Dosick SM, Whalen RC, Gale SS, Brown OW. Carotid endarter-
ectomy in the stroke patient: computerized axial tomography to
determine timing. J Vasc Surg 1985;2:214-219

10. Khanna HL, Garg AG. 774 carotid endarterectomies for strokes
and transient ischaemic attacks: comparison of results of early vs.
late surgery. Acta Neurochir Suppl (Wien) 1988;42:103-106

11. Sacco RL, Foulkes MA, Mohr JP, Wolf PA, Hier DB, Price TR.
Determinants of early recurrence of cerebral infarction. The Stroke
Data Bank. Stroke 1989;20:983-989

12. Gasecki AP, Ferguson GG, Eliasziw M, et al. Early endarterectomy
for severe carotid artery stenosis after a nondisabling stroke: re-
sults from the North American Symptomatic Carotid Endarterec-
tomy Trial. J Vasc Surg 1994;20:288-295

13. Wholey MH, Wholey M, Mathias K, et al. Global experience in
cervical carotid artery stent placement. Catheter Cardiovasc Interv
2000;50:160-167

14. CAVATAS investigators. Endovascular versus surgical treatment
in patients with carotid stenosis in the Carotid and Vertebral
Artery Transluminal Angioplasty Study (CAVATAS): a random-
ised trial. Lancet 2001;357:1729-1737

15. Shawl FA. Emergency percutaneous carotid stenting during stroke.
Lancet 1995;346:1223

16. Shawl FA, Efstratiou A, Hoff S, Dougherty K. Combined percutane-
ous carotid stenting and coronary angioplasty during acute ischemic
neurologic and coronary syndromes. Am J Cardiol 1996;77:1109-1112

17. Al-Mubarak N, Roubin GS, Gomez CR, et al. Carotid artery
stenting in patients with high neurologic risks. Am J Cardiol
1999;83:1411-1413

18. Mori T, Kazita K, Mima T, Mori K. Balloon angioplasty for em-
bolic total occlusion of the middle cerebral artery and ipsilateral
carotid stenting in an acute stroke stage. AJNR Am J Neuroradiol
1999;20:1462-1464



1258

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

IMAI

Oishi M, Mochizuki Y, Hara M, Yoshihashi H, Takasu T. Effects of
sodium ozagrel on hemostatic markers and cerebral blood flow in
lacunar infarction. Clin Neuropharmacol 1996;19:526-531
Kobayashi S, Tazaki Y. Effect of the thrombin inhibitor argatroban in
acute cerebral thrombosis. Semin Thromb Hemost 1997;23:531-534
Mori T, Fukuoka M, Kazita K, Mori K. Follow-up study after
intracranial percutaneous transluminal cerebral balloon angio-
plasty. AJNR Am J Neuroradiol 1998;19:1525-1533

Penn AA, Schomer DF, Steinberg GK. Imaging studies of cerebral
hyperperfusion after carotid endarterectomy: case report. J Neuro-
surg 1995;83:133-137

Schoser BGH, Heesen C, Eckert B, Thie A. Cerebral hyperperfu-
sion injury after percutaneous transluminal angioplasty of ex-
tracranial arteries. J Neurol 1997;244:101-104

Mori T, Fukuoka M, Kazita K, Mima T, Mori K. Intraventricular
hemorrhage after carotid stenting. J Endovasc Surg 1999;6:337-341
Meyers PM, Higashida RT, Phatouros CC, et al. Cerebral hyper-
perfusion syndrome after percutaneous transluminal stenting of
the craniocervical arteries. Neurosurgery 2000;47:335-345

Sekhar LN, Heros RC, Lotz PR, Rosenbaum AE. Atheromatous
pseudo-occlusion of the internal carotid artery. J Neurosurg 1980;
52:782-789

The Edaravone Acute Brain Infarction Study Group. Effect of a
novel free radical scavenger, edaravone (MCI-186), on acute brain
infarction: randomized, placebo-controlled, double-blind study at
multicenters. Cerebrovasc Dis 2003;15:222-229

Millikan CH, McDowell FH. Treatment of progressing stroke.
Stroke 1981;12:397-409

Toni D, Fiorelli M, Gentile M, et al. Progressing neurological
deficit secondary to acute ischemic stroke: a study on predictabil-
ity, pathogenesis, and prognosis. Arch Neurol 1995;52:670-675

31.

32.

33.

34.

35.

36.

37.

38.

39.

AINR: 26, May 2005

. Pessin MS, Hinton RC, Davis KR, et al. Mechanisms of acute

carotid stroke. Ann Neurol 1979;6:245-252

Caplan LR, Hennerici M. Impaired clearance of emboli (washout)
is an important link between hypoperfusion, embolism, and isch-
emic stroke. Arch Neurol 1998;55:1475-1482

Uno M, Hamazaki F, Kohno T, Sebe A, Horiguchi H, Nagahiro S.
Combined therapeutic approach of intra-arterial thrombolysis and
carotid endarterectomy in selected patients with acute thrombotic
carotid occlusion. J Vasc Surg 2001;34:532-540

Wilson SE, Mayberg MR, Yatsu F, Weiss DG, the Veterans Affairs
Trialists. Crescendo transient ischemic attacks: a surgical imper-
ative. J Vasc Surg 1993;17:249-256

Endo S, Kuwayama N, Hirashima Y, Akai T, Nishijima M, Takaku
A. Results of urgent thrombolysis in patients with major stroke
and atherothrombotic occlusion of the cervical internal carotid
artery. AJNR Am J Neuroradiol 1998;19:1169-1175

Spearman MP, Jungreis CA, Wechsler LR. Angioplasty of the
occluded internal carotid artery. AJNR Am J Neuroradiol 1995;
16:1791-1796

Bellon RJ, Putman CM, Budzik RF, Pergolizzi RS, Reinking GF,
Norbash AM. Rheolytic thrombectomy of the occluded internal
carotid artery in the setting of acute ischemic stroke. A/NR Am J
Neuroradiol 2001;22:526-530

Lutsep HL, Clark WM, Nesbit GM, Kuether TA, Barnwell SL.
Intraarterial suction thrombectomy in acute stroke. AJNR Am J
Neuroradiol 2002;23:783-786

Qureshi Al, Luft AR, Sharma M, et al. Frequency and determi-
nants of postprocedural hemodynamic instability after carotid an-
gioplasty and stenting. Stroke 1999;30:2086-2093

Hopkins LN, Qureshi AI, Guterman LR. Comments. Neurosurgery
2000;47:344



