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Endovascular Recanalization of Internal Carotid
Artery Occlusion in Acute Ischemic Stroke

Rebecca M. Sugg, Marc D. Malkoff, Elizabeth A. Noser, Hashem M. Shaltoni, Raymond Weir,
Edwin D. Cacayorin, and James C. Grotta

BACKGROUND: Endovascular therapy (ET) of internal carotid artery (ICA) stenosis is
equivalent to carotid endarterectomy for stroke prevention; however, patients with ICA occlu-
sion and acute symptoms are traditionally not candidates for ET. We report our experience in
endovascular recanalization of acute stroke patients with ICA occlusion.

PATIENTS AND TECHNIQUES: We reviewed our registry for acute stroke patients treated
with ET who had (1) ICA occlusion by digital subtraction angiography (thrombolysis in
myocardial ischemia = () with location of type II (above ophthalmic artery involving M1 or Al
but not both) or type III (proximal to the ophthalmic artery but distal to the bifurcation); (2)
acute stroke symptoms from the index lesion presenting 3 hours after onset of symptoms; (3)
minimal ischemic changes on brain CT scan (less than one third of the MCA territory); (4)
attempted ET. Neuroradiologists reviewed angiograms for thrombolysis in cerebral infarction.
A blinded vascular neurologist reviewed postprocedural brain imaging for Alberta Stroke
Program Early CT (ASPECT) scoring. Outcome scales were assessed.

RESULTS: We identified 14 patients, 10 of whom were men (mean age, 58 = 14 years; median
age, 54 years; age range, 40-74 years). There were 8 left ICA occlusions, 3 type II; and 6 right
ICA occlusions, one type II. Median baseline National Institutes of Health Stroke Scale score
was 17 (range, 11-25; mean, 18 = 4.9). Mean time to ET was 389 *= 103 minutes (median, 306
minutes; range, 197-1290 minutes). Immediate recanalization occurred in 64%. Decrease in
expected stroke volume by brain imaging occurred in 50% with mean ASPECT score of 4 += 2.9
(median, 3; range, 0-8; 21% = 8). Two hemorrhages occurred, one symptomatic; 3 patients

died. Good outcome was achieved in 64% of cases.
CONCLUSION: Endovascular therapy of carotid occlusion in hyperacute stroke patients is
feasible and may help to reduce stroke volume and increase good outcome in some patients.

Acute ischemic stroke resulting from cardioembolic
or atherothrombotic occlusion of the internal carotid
artery (ICA) results in high rates of morbidity and
mortality. Of patients with acute ICA occlusion pre-
senting with severe neurologic deficits, 16%—-55% will
die, 40%—-60% will have severe neurologic disability,
and only 2%-12% will have good functional recovery
(1). The addition of intravenous recombinant tissue
plasminogen activator (rtPA) treatment may improve
outcome (2), but only 8% of patients with ICA occlu-
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sion receiving this treatment have shown early recan-
alization (3, 4).

Alternative treatment for these patients includes both
surgical thrombectomy and endovascular thrombolytic
and/or mechanical revascularization. In the case of
atherothrombotic ICA occlusion, additional therapy
consisting of emergency carotid endarterectomy (CEA)
with distal thrombectomy or endovascular angioplasty
with or without stent placement may be necessary to
decrease underlying chronic vessel stenosis. Although
cases of emergency CEA have been reported as techni-
cally successful, the clinical benefit is controversial (1,
5-7). Nonemergent endovascular angioplasty and stent
placement of ICA stenosis has been reported to be
technically feasible and equivalent to CEA for stroke
prevention (8-11). Patients with ICA occlusion and
acute symptoms, however, are traditionally not candi-
dates for this intervention. Here we report a retrospec-
tive study to investigate feasibility and outcome of en-
dovascular recanalization in acute stroke patients with
ICA occlusion at our institution.
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Patients and Techniques

From November 1996 to January 2005, 156 acute stroke
patients underwent CEA for possible intra-arterial (AA)
thrombolysis. Vascular neurologists and fellows comprising a
veteran stroke team at a university-based, tertiary care center,
in conjunction with an interventional neuroradiologist, deter-
mined patient eligibility. On admission, the vascular neurolo-
gist assessed neurologic status by using the National Institutes
of Health Stroke Scale (NIHSS). A cerebral CT scan was
performed in all cases before treatment with thrombolytics. IA
thrombolysis was considered according to an institutional re-
view board-approved protocol after obtaining informed con-
sent from a responsible family member. Per protocol, patients
considered for IA thrombolytics met the following criteria: (1)
presentation after 3 hours from symptom onset; (2) minimal
ischemic changes on brain CT scan (less than one third of the
MCA territory); (3) disabling neurologic deficit (NIHHS =
12); (4) clinical suspicion or evidence on transcranial Doppler
sonography of large vessel arterial occlusion or stenosis; and
(5) no evidence of intracranial hemorrhage. Per protocol, IA
therapy was also considered in selected patients who received
intravenous tissue plasminogen activator within 3 hours of
symptom onset, and also met criteria.

The subset of IA patients who met the following criteria
were included in this analysis: (1) ICA occlusion by digital
subtraction angiography (thrombolysis in myocardial ischemia
[TIMI] = 0) with location of type II (above ophthalmic artery
involving M1 or Al, but not both) or type III (proximal to the
ophthalmic artery but distal to the bifurcation); (2) acute stroke
symptoms from the index lesion of either cardioembolic or
atherothrombotic cause; and (3) attempted endovascular ther-
apy (ET).

The treatment team consisted of interventional neuroradi-
ologists, an interventional neurologist, and the treating vascular
neurologist working in various combinations with at least 2
physicians present making consensus treatment decisions. Pa-
tients who met standard criteria for IV rtPA were treated with
0.9 mg/kg IV rtPA. ET was performed if patients presented
after 3 hours from symptom onset or had rapid symptom
worsening despite IV rtPA.

All patients received similar initial endovascular treatment
regardless of stroke etiology. Diagnostic cerebral angiography
was performed via a femoral artery approach. After initial
diagnostic angiography, patients were anticoagulated with 1A
heparin (1000-2000 U) if they had not received IV rtPA. A 6F
guide catheter was placed proximal to the occlusion site. A
microcatheter and microguidewire were advanced through the
guide catheter and navigated to the occluded vessel segment in
proximity to the thrombus. The microcatheter tip was imbed-
ded into the thrombus for thrombolytic infusion. Reteplase was
manually infused by slow hand injection at an approximate rate
of 0.1 U aliquots diluted in 1 mL normal saline for 1-2 minutes.
Urokinase and rtPA were injected in the same manner at a rate
of 50,000-200,000 U and 1-4 mg given at 10-minute intervals.
Control angiography was performed approximately every 10
minutes to evaluate the status of recanalization. Thrombolytics
were administered until recanalization was obtained, 6 hours
after the onset of symptoms, or maximum dose limits were
achieved (reteplase, 6U; urokinase, 2,000,000 U; rtPA, 45 mg).
Aggressive mechanical clot disruption defined as the use of at
least one of the following interventional techniques: (1) aggres-
sive microcatheter/microwire clot maceration; (2) percutane-
ous angioplasty; (3) stent deployment; or (4) use of a snare
device was permitted (12). In addition, following thrombolytic
administration in those patients with suspected atherothrom-
botic etiology of stroke, balloon angioplasty with stent place-
ment was performed for flow-limiting ICA stenotic lesions of
=90% (Fig 1). ICA stent placement was performed by using
S.M.A.R.T. stents (Cordis Endovascular, Miami Lakes, FL) or
self-expandable Easy Wall-Stents (Boston Scientific, Natick,
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MA) sized to match the largest vessel diameter in the antici-
pated deployment area.

Angiograms were analyzed by either an interventional neu-
rologist or interventional neuroradiologist. For the purpose of
this study, we used a thrombolysis in cerebral ischemia (TICI)
scale based on the modified TIMI criteria to define cerebral
perfusion. Immediate recanalization was defined as TICI
grades 2 or 3 achieved immediately after intervention.

All patients were admitted to the neurology/neurosurgery
intensive care unit or stroke unit, where their care was man-
aged by the University of Texas—Houston Stroke Treatment
Team. All patients received aspirin 325 mg and clopidigrel 75
mg (Bristol-Myers Squibb, New York, NY) daily beginning
after review of the 24-hour cerebral CT for evidence of hem-
orrhage. No patients were treated with additional anticoagula-
tion or GplIb/IlIa inhibitors. The standard guidelines of blood
pressure management for IV rtPA therapy were followed pre-
and postprocedure. If successful recanalization was achieved
(TICI = 2), a systolic blood pressure goal of <160 was tar-
geted. Repeat cerebral CT scan was performed at 24 hours
after IA thrombolysis and at any time when the patient expe-
rienced neurologic deterioration (increase in NIHSS = 2). A
blinded vascular neurologist reviewed all postprocedural CTs
and provided Alberta Stroke Program Early CT Score (AS-
PECT) grading (13). Decrease in expected stroke volume by
brain imaging was defined as ASPECT score =4. Hemorrhagic
transformation (HT) was defined as areas of increased atten-
uation on nonenhanced brain CT scans. Symptomatic hemor-
rhage was defined as =2-point increase in NIHSS attributable
to HT by the vascular neurologist. Parenchymal hematoma 2
(PH-2) was defined as an intracerebral hematoma that involved
>30% of the infarcted area with substantial mass effect.
NIHSS and MR spectroscopy were performed at day 7. Favor-
able outcome was defined as discharge home or to inpatient
rehabilitation (MR spectroscopy = 3).

STATA (College Station, TX) statistical software was used
for statistical analysis. All values are presented as mean = SD
or median values.

Results

In this study, 156 patients with acute ischemic
stroke underwent emergent cerebral angiography for
possible 1A thrombolysis treatment, and 14 of them
qualified for this analysis. Mean age was 58 * 14
years (median, 54 years; range, 40—74 years). There
were 10 men. Eight experienced left ICA occlusions
(3 type II and 5 type III), and 6 had right ICA
occlusions (one type II and 5 type III). Median base-
line NIHSS was 17 (range, 11-25; mean, 18 * 4.9;
Table). Stroke etiology was 2 cardioembolic, 11
atherothrombotic, and a single unspecified case.

Thrombolytic regimens were as follows: 9 com-
bined IV rtPA/IA thrombolytics, 3 only IA thrombo-
lytics, one only IV thrombolytics (+ mechanical in-
tervention), and one only mechanical intervention.
Mean time from symptom onset to IV thrombolytic
administration (n = 10) was 134 = 27 minutes (me-
dian, 119 minutes; range, 95-188 minutes). Of the 12
who received intra-arterial thrombolytics, 2 received
urokinase (250,000-650,000 U), 8 received reteplase
(mean dose, 3 mg = 1.2; median, 3; range, 1-4.9), and
2 received rtPA (4-19 mg). Thirteen patients under-
went mechanical intervention (2 simple mechanical, 5
angioplasty, and 6 angioplasty/stent placement). Mean
time to initiation of endovascular therapy was 389 = 103
minutes (median, 306 minutes; range, 197-1290 minutes).
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ENDOVASCULAR RECANALIZATION OF INTERNAL CAROTID OCCLU-

Fic 1. Digital subtraction angiography of a 57-year-old treated with standard dose IV rtPA, IA reteplase, angioplasty, and stent

placement with resulting TICI of 2c.

Demographics, endovascular treatments, and outcomes of treatment group

Demographics

Gender

Mean age (ys) = SD

Median baseline NIHSS (range)

Mean time (min) from stroke onset to endovascular therapy +SD
Thrombolytics

Mean total IA dose = SD

Occlusion location

Occlusion type

Adjunctive therapy

Immediate recanalization (TICI = 2)

Decrease in expected infarct volume

ASPECT scores

Symptomatic hemorrhage

Mortality

Favorable outcome (discharge home or inpatient rehabilitation)

10 men, 4 women

58+ 14

17 (11-25)

389 = 103

9 IV/IA, 3 1A, 11V, 1 none

Reteplase (n = 8): 3 = 1.2 mg (median 3 mg, range 1-4.9 mg)
Urokinase (n = 2): 250,000-650,000 U

rtPA (n = 2): 4-19 mg

8 left, 6 right

4 type II, 10 type III

2 simple mechanical, 5 angioplasty, 6 angioplasty/stenting
64%

50%

Mean 4 + 2.9, median 3, range 0-8, 21% = 8

7%

21%

64%

Note.—NIHSS indicates National Institutes of Health Stroke Scale; IA, intraarterial; IV, intravenous; TICI, thrombolysis in cerebral infarction;

ASPECT, Alberta Stroke Program Early CT.

Immediate recanalization occurred in 64% of cases
(cardioembolic, 0%; atherothrombotic, 64%; P =
.001). Two hemorrhages occurred, both atherothrom-
botic etiology, one asymptomatic and one both symp-
tomatic and PH-2 (IV lytics/mechanical intervention
only). Reduction in expected stroke volume by brain
imaging occurred in 50% of cases (50% cardioem-
bolic; 55% atherothrombotic; P = .89) with median
ASPECT score of 3 (range, 0-8; mean, 4 = 2.9; 21%
= §8). Twenty-four-hour median NIHSS was 20
(range, 9-32; mean, 19 = 9). Three patients died, 2
from massive cerebral edema (nonrecanalized) and
another from hemorrhagic transformation (IV lytics
and mechanical intervention). Of the survivors, 7-day
median NIHSS was 13 (mean, 14 = 7; range, 2-23)

and median 7-day MR spectroscopy was 3.5 (mean,
3.3 = 0.8; range, 2-4; 18% = 2). Good outcomes
were achieved in 64% of the patients (50% cardio-
embolic; 55% atherothrombotic; P = .89) with dispo-
sition of 14% home and 50% to inpatient rehabilita-
tion centers.

Discussion

Our study showed that emergency endovascular
recanalization is technically feasible in patients with
acute stroke due to internal carotid artery occlusion.
In addition, this intervention may also improve sur-
vival and reduce morbidity by restoration of blood
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flow to penumbral areas and decreasing stroke
volume.

Case reports of endovascular treatment of internal
carotid artery occlusion also confirm the feasibility of
this technique. These studies suggest that intra-arte-
rial thrombolysis may increase recanalization rates to
37%-100% and clinical improvement to 53%-94%
without significant increase in hemorrhagic transfor-
mation over intravenous therapy alone (14-21). With
a recanalization rate of 64%, good outcomes in 64%
of cases, and a hemorrhage rate of 7%, our results are
similar to those previously reported. These studies,
however, are difficult to compare because they vary in
techniques used and thrombolytic type and dosing.

Our endovascular approach to treatment of carotid
occlusion is similar despite stroke etiology. All pa-
tients are initially treated with thrombolytic and sim-
ple mechanical intervention. If this is unsuccessful in
artery recanalization, we proceed with aggressive me-
chanical clot disruption. In those patients with
atherothrombotic stroke etiology and a severe
(>90%) stenosis, we also perform angioplasty and
stent placement procedures. Additional treatment is
usually necessary with atherothrombotic lesions, be-
cause these vessels tend to reocclude without this
intervention. We found few significant differences in
outcome between the atherothrombotic and cardio-
embolic subgroups. A larger patient population, how-
ever, would be needed to draw conclusions
adequately.

Revascularization of carotid occlusion in the acute
stroke patient is still controversial and currently is not
the standard of care. The potential benefits of recan-
alization must be balanced against the risks of reper-
fusion hemorrhage, dissection, and distal embolism.
These risks can be minimized by limiting the time
from onset to revascularization to limit reperfusion
injury, by using experienced operators to reduce the
risk of dissection, and by using devices to prevent
distal embolization. In addition, careful patient selec-
tion is critical. Neuroimaging techniques such as per-
fusion-weighted/diffusion-weighted MRI and CT an-
giography may also help in identifying patients who
would benefit most from this intervention (22, 23).

In conclusion, endovascular therapy of carotid oc-
clusion in hyperacute stroke patients is feasible and
may help to decrease stroke volume and improve
outcome in some patients. Whether such intervention
is better than thrombolytic therapy alone should be
studied in a prospective randomized controlled trial.
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