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BACKGROUND AND PURPOSE: The timely re-establishment of intracranial perfusion, the effective
prevention of early recurrent strokes, and the limitation of the incidence of reperfusion injury are the
maijor factors that are key to successful treatment of patients with hyperacute stroke who had severe
ipsilateral cervical internal carotid artery (ICA) stenosis. In an effort to reduce both the extent of the
ongoing neurologic injury and the risk of early recurrent stroke, we have adopted an aggressive
combined endovascular approach of intracranial thrombolysis and cervical carotid stent placement
during the hyperacute phase. We report on the results of 5 such consecutive patients who presented
to our center from January 2003 through January 2005.

MATERIALS AND METHODS: From January 2003 through January 2005, 5 consecutive patients
presented to our center with hyperacute strokes and severe ipsilateral cervical ICA stenosis. All were
treated with emergent carotid stent placement and intra-arterial thrombolysis. The medical records
were reviewed and summarized.

RESULTS: One patient died. The remaining 4 patients had an average hospital stay of 4 days (range,
3-5 days) and a mean National Institutes of Health Stroke Scale (NIHSS) score of 2 (range, 0-3) at the
time of discharge. With a mean clinical follow-up of 11 months (range, 6-24 months), all had excellent
functional outcome with a modified Rankin score of 0 or 1.

CONCLUSIONS: Data on emergent carotid stent placement in the hyperacute management of stroke
are limited. The summarized experience in these 5 patients demonstrates the feasibility of this
aggressive therapeutic strategy that may bring about a good outcome.

he conventional management strategy for patients who

have experienced stroke in the prior 6 hours (hyperacute
stroke) with severe cervical internal carotid artery (ICA) ste-
nosis is to emergently recanalize the intracranial circulation
but delay the cervical ICA intervention for 4—6 weeks. How-
ever, it is well established in the literature that patients with
large-artery atherosclerosis have a particularly high early risk
of recurrent stroke (as high as 5% per week) compared with
other etiologic subgroups."? In addition, when the residual
lumen is <30% or <2 mm in the presence of carotid lesions,
the distal perfusion pressure is compromised significantly,’ as
sometimes evidenced by the delayed contrast arrival into the
distal ICA, or evidence of collateral flow of contrast toward the
symptomatic cerebral hemisphere, or both. In the absence of
sufficient collateral circulation, low cerebral perfusion pres-
sure can worsen the ongoing ischemia and cause additional
infarct in the watershed areas. Furthermore, after successful
intracranial recanalization, early intracranial reocclusion has
been reported to occur frequently and is usually associated
with poor clinical outcome.*” In the presence of severe cervi-
cal ICA stenosis resulting in compromised distal perfusion
pressure, the risk of developing early in situ ipsilateral intra-
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cranial reocclusion may be increased. Therefore, the strategies
for management of hyperacute stroke in this group of patients
should conceptually aim to reduce both the extent of the on-
going neurologic injury and the risk of early recurrent stroke.
This may be achieved through the combined emergent endo-
vascular approach of intracranial thrombolysis and placement
of a cervical ICA stent.

Nonemergent angioplasty and stent placement for ICA ste-
nosis has been reported to be technically feasible and equiva-
lent to carotid endarterectomy (CEA) for prevention of
stroke.®” In managing patients affected by hyperacute stroke
with carotid occlusion, our center has adopted an aggressive
combined emergent endovascular approach of intracranial
thrombolysis and cervical ICA recanalization. Our published
results were quite encouraging.® Other authors have reported
similar results with the same strategy in treating acute symp-
tomatic carotid occlusion.” To examine the feasibility of ex-
panding this combined emergent endovascular approach to
treating patients affected by hyperacute stroke with severe ip-
silateral cervical ICA stenosis and no other apparent embolic
sources, we report a retrospective review of 5 such consecutive
patients treated at our center from January 2003 through Jan-
uary 2005.

Patients and Techniques

From January 2003 through January 2005, 730 patients were treated
for ischemic stroke at our institution. Patients considered for endo-
vascular recanalization therapy met the following criteria: 1) they
were between the ages of 18 and 75 years, 2) the clear time of onset was
within 6 hours, 3) they had an NIHSS score >7, and 4) the intra-



arterial (IA) thrombolysis could be initiated within 6 hours of onset of
the stroke. Patients excluded from endovascular recanalization ther-
apy met the following criteria: 1) any form of intracranial hemor-
rhage; 2) pregnant or lactating women; 3) major trauma within 3
months; 4) history of brain tumor, arteriovenous malformation, or
aneurysm; 5) major surgeries within 14 days; and 6) severe systemic
diseases with a life expectancy <3 months.

A subset of patients presenting with hyperacute strokes and ipsi-
lateral cervical ICA stenosis (>>90%) so severe as to preclude safe and
ready intracranial access were included in this analysis. Five patients
were identified. CT scans of the head were obtained at the time of the
initial evaluation; none had preintervention acute neuroimaging ev-
idence of hypoattenuation or hemorrhage. Endovascular interven-
tions were performed with the patients under minimal sedation. In-
terval neurologic examinations were performed routinely. All 5
patients were treated emergently with carotid angioplasty and stent
placement followed by intracranial thrombolysis. A 2-mm, low-pro-
file balloon was used for angioplasty to minimize trauma to an unsta-
ble plaque. No heparin was used for the endovascular intervention.
Postprocedure, all 5 patients were treated with an intravenous (IV)
bolus of abciximab followed by 12-hour IV infusion. All were placed
on 1 aspirin (325 mg daily) and 1 clopidogrel (75 mg daily) without
any loading dose. Postprocedure, all patients were managed in the
Neuro Critical Care Unit. Systolic blood pressure was strictly con-
trolled (within 120-130 mm Hg) for at least 48 hours postprocedure.
All patients were followed up in both the Stroke Clinic and the Ca-
rotid Clinic.

Results

The Table summarizes the overall clinical characteristics,
treatment, and outcomes of the 5 patients. The mean age of the
patients was 62 years (range, 53—66 years). In all 5 patients,
there were associated distal intracranial emboli in addition to
the cervical ICA stenosis. None had clinical evidence of cardiac
embolism. The intracranial artery occlusion occurred most
likely because of an artery-to-artery embolism originating
from the ipsilateral proximal high-grade ICA stenosis. The
mean presenting NIHSS score was 14 (range, 7-22). None of
the 5 patients had symptomatic intracranial hemorrhage
postintervention.

Patient 5 (Table) presented with a NIHSS score of 21 de-
spite administration of IV tissue plasminogen activator (tPA).
The diagnostic angiogram showed a severe left cervical ICA
stenosis (>95%) and an intracranial occlusion of the M1 and
M2 segments. After successful intracranial thrombolysis and
carotid stent placement, the patient recovered to a NIHSS
score of 2 on hospital day 3. The patient was placed on aspirin
(325 mg daily) and clopidogrel (75 mg daily) for secondary
stroke prevention. The patient then acutely sustained a large
groin hematoma, and the hemoglobin fell to 5.7 g/dL. The
groin pseudoaneurysm was urgently treated with a percutane-
ous injection of thrombin. Aspirin and clopidogrel were dis-
continued. On hospital day 7, the patient experienced acute
neurologic deterioration, presenting with aphasia and right
hemiplegia from the left cervical ICA in-stent thrombosis. De-
spite aggressive interventions, the patient expired on hospital
day 16. The major hemorrhage from the arterial puncture site
in this patient may have been related to the combined use of
aspirin and clopidogrel."®

The remaining 4 patients had an average hospital stay of 4

days (range, 3-5 days) and a mean NIHSS score of 2 (range,
0-3) at the time of discharge. All 4 patients were discharged to
home. They had a mean clinical follow-up of 11 months
(range, 6-24 months). All had excellent functional outcome
with a modified Rankin score of 0 or 1. No restenosis was
detected at a mean follow-up of 8 months (range, 3-18
months).

Illustrative Case

This 65-year-old man (patient 1, Table) presented with apha-
sia and right hemiplegia. Despite administration of IV tPA, the
patient continued to have significant deficits, with an NIHSS
score of 22. The diagnostic angiogram showed a severe left
cervical ICA stenosis (Fig 1A) and distal ICA occlusion involv-
ing both the left M1 and A1 segments (T-lesion, Fig 1B). Ca-
rotid stent placement with a 5 X 20-mm Precise stent (Cordis,
Miami Lakes, Fla) was performed emergently (Fig 1C), fol-
lowed by the intracranial intra-arterial administration of tPA
(10.5 mg) and abciximab (25 mg) as seen in Fig 1D,-E. Post-
procedure, the patient received an IV bolus of abciximab fol-
lowed by a 12-hour IV infusion. Clopidogrel was started the
same night. The patient was discharged home on hospital day
4 with an NIHSS of 3. At his 6-month follow-up visit, the
patient had no neurologic deficits, and the stent remained
widely patent as shown on carotid Doppler.

Discussion

Patients with large-artery atherosclerosis, such as ICA steno-
sis, have a particularly high risk of early recurrent stroke (as
high as 5% per week) in the first several weeks."* The 2 major
factors in determining the clinical outcomes of patients pre-
senting with hyperacute strokes and severe ipsilateral ICA ste-
nosis would be the timely re-establishment of the intracranial
circulation and the effective prevention of early recurrent
strokes.

The currently accepted management strategy for such pa-
tients is to emergently recanalize the intracranial circulation
but delay the cervical ICA intervention for 4—6 weeks. This
practice of delaying the cervical ICA intervention may have
stemmed from the carotid endarterectomy data that showed
increased perioperative complications when the procedure
was performed in the acute phase (the initial 1-2 weeks after a
stroke). Most of the data,'''* however, were from the pre-CT
era, and their relevance to the modern management of stroke
needs to be seriously questioned. In addition, this surgical pro-
cedure does not address the intracranial pathologic lesion and
therefore has a very limited role in the hyperacute manage-
ment of stroke. The risk of reperfusion injury, a feared com-
plication of carotid intervention in the acute phase, is poorly
defined in the hyperacute phase in which cerebral ischemia
may still be reversible.

Carotid stent placement has been newly established as an
alternative treatment to carotid endarterectomy. It has a
unique advantage to be incorporated as part of the endovas-
cular intervention in the hyperacute management of patients
who have suffered a stroke. Carotid stent placement may sta-
bilize the vulnerable plaque in the hyperacute phase and re-
duce the risk of early recurrent stroke. In addition, when the
residual lumen is <30% or <2 mm in the presence of carotid
lesions, the distal perfusion pressure is significantly compro-
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Fig 1. A 65-year-old-man presented with aphasia and right hemiplegia with a NIHSS score
of 22 despite IV tPA. The diagnostic angiogram shows a severe left cervical ICA stenosis
(A) and a distal ICA occlusion involving both the left M1 and A1 segments (T-lesion) (B).
Carotid stent placement with a 5 X 20-mm Precise stent was performed emergently. The
angiographic result after the carotid stent placement is shown in C, and the angiograms at
the midthrombolysis and the final recanalization phase are shown in D and E, respectively.

mised.” Carotid stent placement may therefore augment many
crucial collateral flows to the distal ischemic tissue. This may
potentially reduce the risk of hemorrhagic complications by
increasing the tolerance of the distal vascular territories to
ischemia. The increased distal perfusion pressure may also de-
crease the area of subclinical or marginal ischemia.

Intracranial reocclusion after IA thrombolysis occurs fre-
quently (20% or more)."* Such reocclusion may be related to
the volume and velocity of the blood flow, the amount of re-
sidual thrombus, the severity of residual stenosis, and the de-
gree of in situ platelet activation. We have observed that a
small amount of distal subocclusive thrombus may dissolve
spontaneously if the proximal blood flow is augmented. After
carotid stent placement, the distal vascular territories may re-
ceive a more robust blood flow with both increased volume
and velocity. This could minimize the required doses of
thrombolytics during the procedure and reduce the risk of in
situ reocclusion or hemorrhage during and after the
procedure.

After emergent carotid stent placement, it is a valid con-
cern that rapid restoration of normal perfusion pressure
may result in hyperperfusion or hemorrhagic complica-
tions in the distal vascular territories, with possibly im-

paired autoregulation from chronic ischemia. Optimal
control of blood pressure is critical. Although the ideal tar-
get blood pressure has not been established for this popu-
lation of patients after revascularization and thrombolysis,
our experience shows that reasonable lowering of systolic
blood pressure may avoid reperfusion injury without com-
promising the perfusion. Postprocedure, all patients were
managed in the Neuro Intensive Care Unit. Their systolic
blood pressures were strictly controlled (below 120-130
mm Hg) for at least 48 hours.

Intracranial thrombolysis with agents such as tPA inevita-
bly activates the coagulatory system.'® Thrombin generated by
plasmin, a by-product of thrombolysis, is a potent platelet
activator.'® The aggregating platelets may contribute signifi-
cantly to the in situ reocclusion. In addition, platelets contain
matrix metalloproteinases that may result in the loss of micro-
vascular integrity and hemorrhagic complications.'” Present
laboratory and clinical studies suggest that glycoprotein IIb/
IIIa (GP IIb/IIIa) antagonists may have synergistic effects with
thrombolytics in achieving arterial reperfusion.'””'® Their po-
tent antiplatelet-aggregation effects may also minimize the
risk of in situ reocclusion and hemorrhagic complications by
preserving the microvascular integrity.'” After emergent ca-
rotid stent placement, all of our patients were treated with IV
bolus abciximab followed by 12-hour IV infusion. No symp-
tomatic intracranial hemorrhagic complications were ob-
served. At present, the use of GP IIb/IIla antagonists in the
management of ischemic strokes remains controversial. In our
experience, the use of abciximab in selective patients may be
beneficial.

Benefit from carotid intervention seems to be greatest
when performed early and falls rapidly with increasing delay."”
Although balloon angioplasty of the cervical ICA without stent
placement would allow access for intracranial intervention, it
most likely would not stabilize the vulnerable plaque to the
extent that carotid stent placement would. Therefore, carotid
stent placement in the hyperacute phase in which cerebral
ischemia may still be reversible might be the key to reducing a
particularly high risk of early recurrent stroke (as high as 5%
per week) in the first several weeks in patients with large-artery
atherosclerosis, such as ICA stenosis.">

In our experience, if a carotid stenosis is severe enough to
compromise distal perfusion pressure, dilating the cervical
ICA first would improve the chance of successful recanaliza-
tion of intracranial occlusion. Varied combinations of phar-
macologic therapy, mechanical clot disruption with a micro-
catheter, intracranial angioplasty or stent placement, and use
of a clot retrieval device may further improve the success of
recanalization. However, if a carotid stenosis is not severe
enough to reduce distal perfusion pressure but acts as an em-
bolic source, intracranial occlusion should be treated first.
Performing secondary carotid stent placement should be bal-
anced against the potentially increased procedure-related
complications in a patient with a vulnerable plaque and ongo-
ing ischemic injury to the brain. In addition, an alternative
strategy with medical treatment (antiplatelet and anticoagula-
tion agents) to reduce the risk of early recurrent stroke has
proved benefits.
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Conclusion

Data on emergent carotid stent placement in the management
of hyperacute large-vessel ischemic stroke are limited. There
are some emerging data on carotid stent placement in the
acute phase after a stroke.?>*" The indications and complica-
tion profiles, however, are different when carotid stent place-
ment is performed as a hyperacute intervention. Our summa-
rized experience in these 5 patients strongly suggests the
feasibility of this aggressive endovascular strategy that may
bring about a good outcome. The small number of patients
and the retrospective nature of our review defy any conclusive
remarks. Our data are very preliminary and require further
studies with rigorous scientific validity. As the technology
continues to evolve and the endovascular treatment becomes
more accessible, such combined multimodality hyperacute in-
terventional treatment for large-vessel ischemic stroke may be
the solution to this disease process that carries high rates of
mortality and morbidity.
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