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BACKGROUND AND PURPOSE: Cervical internal carotid artery (ICA) occlusion with middle cerebral
artery (MCA) embolic occlusion is associated with a low rate of recanalization and poor outcome after
intravenous thrombolysis. Prompt revascularization is required to prevent disabling stroke. We report
our experience on acute ischemic stroke patients with tandem ICA or MCA occlusions treated with
microcathether navigation and intra-arterial thrombolysis by use of collateral pathways including the
posterior or anterior communicating arteries, or both pathways.

MATERIALS AND METHODS: We retrospectively identified 8 patients with proximal ICA occlusion
associated with MCA embolic occlusions treated with intra-arterial thrombolysis (IA rtPA). Access to
the occluded MCA was obtained via catheter navigation through intact collateral pathways, including
posterior communicating (PcomA) or anterior communicating (AcomA) arteries, without passing a
microcathether through the acutely occluded ICA. We assessed clinical outcomes using modified
Rankin scale (mRS) and National Institutes of Health Stroke Scale (NIHSS).

RESULTS: Eight patients with a mean age of 57 � 4 years and median NIHSS of 14 were identified.
Mean time from stroke onset to intra-arterial thrombolysis was 292 � 44 minutes. The MCA was
revascularized completely in 5 of the 8 patients via collateral intra-arterial rtPA administration. All of the
patients had a favorable outcome defined as a mRS of �2 or more at 1 and 3 months’ follow-up after
thrombolytic therapy. One patient had an asymptomatic petechial hemorrhage.

CONCLUSION: In this small number of patients with tandem occlusions of the ICA and MCA, intra-
arterial thrombolysis and recanalization of the MCA by use of collateral pathways to bypass the
occluded ICA is a safe and efficacious therapeutic option.

Acute occlusion of middle cerebral artery (MCA) occurs in
up to 50% of patients with occlusion of the internal ca-

rotid artery (ICA).1 The prognosis of these patients is poor,
with high rates of morbidity and mortality.2 Intra-arterial
thrombolysis can result in better outcomes in patients with
acute occlusions of the MCA.3 There is currently no clear con-
sensus on the optimal treatment approach for patients with
acute ischemic stroke secondary to tandem ICA and MCA
occlusions. Several different strategies have been used, includ-
ing combined intravenous and intra-arterial thrombolysis by
microcatheter navigation through the occluded ICA,4 me-
chanical thrombectomy,5,6 or angioplasty with or without
stent placement of the occluded ICA.7-10 These approaches
can be time consuming, and the increased complexity of the
treatment is associated with increased potential risk for com-
plications. We report our experience on the treatment of pa-

tients with acute ischemic stroke with tandem MCA and ICA
occlusions treated with microcatheter navigation and intra-
arterial thrombolysis with use of collateral pathways, includ-
ing the posterior (PcomA) or anterior communicating
(AcomA) arteries. To the best of our knowledge, there have
only been 2 previous case reports described in the literature of
use of this approach.11,12

Materials and Methods
All patients who underwent endovascular pharmaceutical and/or me-

chanical thrombolysis between 2001 and 2006 at the London Health

Sciences Centre were retrospectively reviewed. Eight patients with

tandem ICA and MCA occlusions were treated with intra-arterial

thrombolysis via catheter navigation through intact collateral path-

ways (either the PcomA or AcomA), without passing a microcatheter

through the acutely occluded ICA.

All patients presenting with an acute ischemic stroke were evalu-

ated by a neurologist with expertise in stroke. Nonenhanced CT scans

were performed in all patients before treatment with thrombolytics.

The extent of the baseline noncontrast CT scan lesion was determined

by the Alberta Stroke Program Early CT (ASPECT) Score.13 Intrave-

nous thrombolytic was administered at the discretion of the stroke

neurologist according to published guidelines.14 We treated patients

with combined intravenous and intra-arterial thrombolytic therapy if

a thrombus was identified in the proximal MCA and/or ICA on MR

angiography (MRA) or CT angiogram (CTA). Briefly, intravenous

rtPA was given within 3 hours of stroke onset. Angiography was then

performed, and if a thrombus was identified, recombinant tissue plas-

minogen activator (rtPA) was given intra-arterially up to a total dose
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of 22 mg. Patients were treated with only intra-arterial rtPA if they

presented after 3 hours and within 6 hours of stroke onset. In patients

proceeding to angiography, a 6F catheter was inserted into the right

common femoral artery with use of the Seldinger technique. Heparin

was administered at the onset and during the procedure at the discre-

tion of the interventionalist. A 5F diagnostic catheter was initially

used for cerebral angiography. Occlusion of the symptomatic ICA was

first confirmed before proceeding with angiography of other vessels

to ascertain the status of Circle of Willis collaterals (PcomA and

AcomA).

The most direct collateral route to the symptomatic occluded

MCA was used for intra-arterial thrombolysis. The diagnostic cathe-

ter was exchanged for a 6F guiding catheter, and a microcatheter was

then advanced over a 0.014-inch microguidewire through collateral

vessels to the occluded MCA. Intra-arterial rtPA was then adminis-

tered within the clot at a rate of 2 to 5 mg for 5 minutes until recana-

lization was achieved or 20 to 25 mg of rtPA was administered.

The degree of angiographic occlusion was assessed before and

after treatment by use of Thrombolysis in Myocardial Infarction

(TIMI) scores (graded as 0 for absent perfusion, 1 for minimal distal

perfusion, 2 for partial perfusion, and 3 for complete perfusion).10

Noncontrast CT and CTA examinations were performed at 24

hours routinely in 3 patients. MR imaging and MRA were performed

in 5 patients at 24 to 36 hours. Intracerebral hemorrhages were clas-

sified according to the European Cooperative Acute Stroke Study

criteria as PH1, PH2, HI1, or HI2.15

Clinical severity at baseline and at 24 hours after symptom onset

was assessed with use of the National Institutes of Health Stroke Scale

(NIHSS) conducted by neurologists who were fellows in stroke and

were certified in the NIHSS scoring. The modified Rankin Scale

(mRS) was used to assess clinical outcome at 30 and 90 days. Good

outcome was defined as a mRS score of greater than or equal to 2.

Intracranial hemorrhage was considered as symptomatic if the patient

had neurologic worsening of 4 points or more on the NIHSS and if the

hemorrhage was likely to be the cause of neurologic deterioration.

Results
The clinical characteristics and imaging features of 8 patients
with tandem ICA and MCA occlusions treated with intra-ar-
terial thrombolysis via catheter navigation through intact col-
lateral pathways are summarized in Table 1. There were 7 men
and 1 woman with a mean age of 57 � 4 years (range, 42–71
years). The median baseline NIHSS score was 14 (interquartile
range, 9 –17), and mean time to treatment (initiation of intra-
arterial thrombolysis) was 292 � 44 minutes from symptom
onset. The average time from the start of intra-arterial treat-
ment to the end of treatment was 48 � 18 minutes. Early
ischemic changes were detected in all patients, and median
ASPECT score was 8 (range, 6 –9). All patients had tandem
ICA and proximal MCA occlusions on conventional
angiogram.

Intravenous rtPA was given in 4 of the 8 patients within 3
hours of symptom onset, followed by administration of intra-
arterial rtPA via microcatheter navigation through the intact
collateral pathways. Four of the 8 patients received only intra-
arterial rtPA (Table 2). Successful recanalization of the MCA
(TIMI 2 or 3) was achieved in 6 of 8 patients (Table 2). Two of
8 patients did not demonstrate immediate MCA recanaliza-
tion at the end of the procedure; however, one of these patients
had complete recanalization of MCA at 24-hour follow-up
CTA after stroke.

There were no complications during intra-arterial throm-
bolysis by use of the collateral intact pathways. Immediate
postprocedural noncontrast CT scan of the head revealed no
hemorrhage in any patient. Small petechial asymptomatic
hemorrhages (PH1) were identified in 3 patients on 24-hour

Table 1. Patient characteristics, preprocedure and postprocedure angiographic and imaging findings

Case No Age yr/sex
Onset to IA

Treatment (min) Site of Occlusion Collateral Pathway
Initial

ASPECT
Cause of

Stroke
Case 1 53/M 342 LICA/LMCA:M1 AcomA 7 Atherothrombotic
Case 2 42/M 360 LICA/LMCA:M1 PcomA 6 Unknown
Case 3 64/M 250 LICA/LMCA:M1 PcomA 8 Atherothrombotic
Case 4 46/M 300 LICA/LMCA:M1 AcomA 7 Unknown
Case 5 55/M 300 LICA/LMCA:M1 AcomA 9 Cardioembolic
Case 6 65/M 250 LICA/LMCA;M1 AcomA/PcomA 8 Atherothrombotic
Case 7 68/F 300 LICA/LMCA:M1 AcomA 8 Atherothrombotic
Case 8 71/M 240 RICA/RMCA:M1 PcomA 8 Atherothrombotic

Note:—ASPECT indicates Alberta Stroke Program Early CT score; RICA, right internal carotid artery; LICA, left internal carotid artery; LMCA, left middle cerebral artery; RMCA, right middle
cerebral artery; AcomA, anterior communicating artery; PcomA, posterior communicating artery; IA, intra-arterial.

Table 2. Outcome and clinical features of 8 patients with acute stroke and occluded internal carotid/middle cerebral arteries

Case No
Initial

NIHSS
24-Hour
NIHSS

1-Month Outcome
NIHSS/mRS

3-Month Outcome
NIHSS/mRS

Thrombolytic Agent Route/
Dose of rtPA/mg

Post Thrombolysis
TIMI /MCA

1 8 4 1/1 1/1 IA 25 2
2 15 12 5/2 4/2 IA 8 2
3 21 7 3/1 3/1 IV 8.7/IA 15 3
4 16 8 5/2 5/2 IV 7.5/IA 15 1
5 14 2 2/1 1/0 IV 49.2/IA 2 2
6 18 14 5/2 3/1 IV 60/IA 15 2
7 8 1 1/0 1/0 IA 10 2
8 7 2 1/0 1/0 IA 4 3

Note:—NIHSS indicates National Institutes of Health Stroke Scale; mRS, modified Rankin scale; IA, intra-arterial; rtPA, tissue plasminogen activation; TIMI, Thrombolysis in Myocardial
Infarction Scores; MCA, middle cerebral artery; IV, intravenous.
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follow-up MR imaging or CT scans. We did treat 6 patients
with antiplatelet therapy and 2 patients with anticoagulant
therapy. Regarding the postprocedural management of pa-
tients with antithrombotics, we took our decision on case-by-
case basis. In the presence of poor collaterals, partially recana-
lized MCA and ICA, and less extensive infracted tissue, we
favored anticoagulant therapy. Follow-up CTA or MRA dem-
onstrated recanalization of the ICA in 5 patients. A severe focal
stenosis of the cervical ICA was detected in 3 of 5 patients.
Neurologic worsening was not observed in any patient during
hospitalization. Because of the high risk for recurrent stroke
associated with a symptomatic, severely stenosed internal ca-
rotid artery, carotid endarterectomy was performed in these 3
patients within 2 weeks.

All patients had good outcomes with a median mRS of 1
(range, 0 –2) at 1 and 3 months after thrombolysis. There were
no deaths or recurrent strokes during the 1 month of follow-
up. Details of the outcomes are summarized in Table 2.

Case Illustration 1
A 64-year-old right-handed man presented to the emergency
department with acute onset of aphasia, right-sided hemiple-
gia, and marked left-sided gaze preference, with a NIHSS score
of 21. A CT scan of the head was performed within 1 hour of
onset of the event and revealed a hyperattenuated MCA sign
with a baseline ASPECT score of 8. He was treated with 8.7 mg
of intravenous rtPA and taken to the angiography suite for
possible intra-arterial therapy.

An arteriogram of the left common carotid artery revealed
complete occlusion of the left ICA in the neck (Case 3 in Ta-
bles). There was no filling of the MCA territory. The right
common carotid artery arteriogram demonstrated a complete
occlusion of the right ICA in the neck. An arteriogram of the
right vertebral artery showed bilateral filling of the posterior
communicating arteries supplying both distal ICAs. The left
M1 segment of the MCA was occluded (Fig 1A). A 6F guiding
catheter was placed in the right vertebral artery. A Micro-Soft-
stream (Boston Scientific, Natick, Mass) microcatheter was
advanced (over a 0.014-inch microguidewire) into the basilar
artery, then forward through the PcomA into the left supracli-
noid ICA. The catheter was then advanced into the distal M1
segment. Superselective injection through the microcatheter
demonstrated thrombus in the proximal MCA (Fig 1B). A

total of 18 mg of rtPA was administered into the thrombus for
10 minutes. Repeated arteriograms revealed complete resolu-
tion of the thrombus and significant restoration of flow (TIMI
3) in the left MCA (Fig 1C). The patient started to improve
immediately and had marked improvement of his speech and
strength by the following morning. MR imaging of the brain
was performed 24 hours after thrombolysis and showed right
frontal opercular, insular, and basal ganglia infarction. Ca-
rotid Doppler was done 5 days after thrombolysis and demon-
strated recanalization of the previously occluded carotid ar-
tery in the neck with a trickle of flow through a severe stenosis.
The patient underwent an uncomplicated left carotid endar-
terectomy. He was discharged with a near-complete recovery
(mRS 1).

Case Illustration 2
A 65-year-old right-handed man presented to the emergency
department with acute onset of severe right-sided hemipare-
sis, expressive aphasia, and pronounced right facial drop with
a NIHSS score of 18 (Case 6). A noncontrast CT scan of the
head showed subtle hypoattenuation in the left basal ganglia
and insula. CTA revealed complete occlusion of the left cervi-
cal ICA with thrombus in the proximal left M1 segment of the
MCA. En route to the angiography suite, 0.6 mg/kg (two thirds
of the normal intravenous dose) of intravenous rtPA was ad-
ministered. The arteriogram of the left common carotid artery
demonstrated an irregular stump at the origin of the left ICA.
There was no filling of the MCA territory. The left vertebral
artery injection showed filling of the supraclinoid segment of
the left ICA via the left PcomA. There was abrupt cutoff of the
left MCA, consistent with embolic occlusion approximately 4
mm beyond the ICA bifurcation (Fig 2A). Through a 6F guid-
ing catheter placed in the right distal common carotid artery, a
microcatheter was positioned into the AcomA and 5 mg of
rtPA was administered. This did not result in any filling of the
left M1 segment. The guiding catheter was repositioned within
the left vertebral artery and the microcatheter advanced into
the left M1 clot through the left PcomA. Contrast injection
through the microcatheter showed M1 thrombus. A total dose
of 10 mg of rtPA was administered into the thrombus for 20
minutes. A control angiogram of the left vertebral artery re-
vealed partial recanalization of the left M1 segment with re-
establishment of flow within the inferior division of the left

Fig 1. A, The right vertebral artery injection shows bilateral filling of the PcomA arteries that supply both internal carotid arteries. The left MCA M1 segment is occluded (small black arrow).
B, Microcathether injection demonstrates a thrombus in the M1 segment (arrow) of the MCA. C, The right vertebral artery injection shows successful recanalization of the left MCA (arrow).
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MCA (Fig 2B). A noncontrast CT of the head and CTA were
performed 24 hours after thrombolysis, demonstrating left
frontal opercular, insular, basal ganglia, and anterior internal
capsule infarction and complete recanalization of the M1 seg-
ment of the left MCA (Fig 2C). On CTA, the left cervical ICA
remained occluded. The patient was discharged with a favor-
able neurologic outcome (mRS 2) and did not have any recur-
rent stroke or transient ischemic events within 3 months.

Discussion
Extracranial ICA occlusion associated with MCA occlusion
results in significant disability and death in 20% of patients.16

Furthermore, the presence of tandem cervical ICA and prox-
imal MCA occlusion independently predicted poor recanali-
zation and outcome.17 Tandem cervical ICA and proximal
MCA occlusion can cause a decrease in regional cerebral per-
fusion pressure, which may hamper dissolution of an MCA
clot after intravenous thrombolysis.18 Different endovascular
approaches for acute stroke related to tandem cervical ICA
and embolic MCA occlusions have been proposed to achieve
better outcomes. However, there currently is no generally ac-
cepted treatment protocol.

The primary cause of symptoms and clinical outcome are
mainly because of thrombus in the MCA rather than occlusion
of the cervical ICA.16 The lenticulostriate arteries (LSAs) are
functional end-arteries without collateral. Thrombus in the
proximal segment of the MCA may lead to occlusion of the
orifices of these arteries and cause cerebral infarction.19

Hence, the status of the LSAs and the length of time required
for revascularization determines outcome. In the absence of
sufficient leptomeningeal collaterals, expansion of the infarct
core into surrounding hypoperfused tissue occurs earlier. Sev-
eral published studies of intra-arterial thrombolytic therapy
indicate that treatment initiated within 3 to 4 hours of symp-
tom onset is associated with higher rates of recanalization and
better outcome.20,21 Moreover, successful recanalization of
ICA and MCA vessels may not reflect clinical outcome because
of evolving cerebral infarction. Prompt reperfusion of initially
still viable tissue and prevention of subsequent expansion of
cerebral infarction are the critical factors to achieve a favorable
neurologic outcome.

Traversing an acutely occluded cervical ICA to perform

thrombolysis of MCA clot has been reported as effective ther-
apy but may be time consuming and risky.22 Although mi-
croguidewires and catheters may easily transverse fresh
thrombus in a recently occluded, blind probing with a mi-
croguidewire and manipulation of a microcatheter in an oc-
cluded vessel may lead to vessel dissection or perforation. The
possibility also exists of entering the false lumen of an ICA
dissection. Furthermore, dislodgement of thrombus while
crossing the occluded cervical ICA is possible. Emergent stent
placement or angioplasty of the occluded cervical ICA seems
to have a high recanalization rate but also takes time to per-
form, during which brain infarction may be expanding.8,23 An
additional concern is the risk for hyperperfusion syndrome
resulting in intracerebral hemorrhage.24

We report our experience in thrombolysis of occluded
MCA by using collateral pathways in patients with tandem
cervical ICA and MCA occlusion. Our first goal was to address
the acute clot of the MCA rather than to traverse the occluded
cervical ICA. Intra-arterial thrombolysis was given via the
PcomA artery in 3 patients and the AcomA artery in 4 patients.
In 1 patient, we used both PcomA and AcomA arteries to gain
access to the MCA. The concern with advancing a micro-
guidewire through Circle of Willis collaterals is the risk for
dissection and embolic stroke. This risk may be higher in pa-
tients with advanced atherosclerotic stenoses in the proximal
vertebral and carotid arteries. Fortunately, we did not experi-
ence this complication, and access of the posterior and ante-
rior collateral routes was relatively straightforward. However,
it is important to emphasize that it could be difficult to use this
technique in the absence of intact collateral pathways includ-
ing the PcomA and AcomA arteries. Hence, evaluation of col-
lateral pathways by imaging modalities such as CTA or MRA
may guide us to choose the most appropriate technique of
endovascular therapy for patients with ischemic stroke with
tandem ICA and MCA occlusion. All of our patients had good
neurologic outcome at 1 and 3 months after acute stroke.

After the successful recanalization of MCA, one is faced
with the management dilemma of the treatment of the occlu-
sion of the proximal ICA. In the presence of poor leptomen-
ingeal collaterals to the affected hemisphere, unsuccessful re-
canalization of the MCA and high NIHSS score despite
thrombolytic therapy via the collateral pathways, immediate

Fig 2. A, The left vertebral angiogram demonstrates an occlusion of the proximal MCA M1 segment (arrow). B, Administration of 15 mg of intra-arterial rtPA through a microcathether
by use of the AcomA and PcomA arteries resulted in partial lysis of thrombus in the left M1 segment with restoration of flow within the inferior division of the left MCA. C, Follow-up
CT angiogram 24 hours after stroke shows a complete recanalization of the M1 segment of the left MCA (arrow).

AJNR Am J Neuroradiol 29:1596 –1600 � Sep 2008 � www.ajnr.org 1599



therapy of occluded ICA may be considered by angioplasty
followed by stent placement. In our patients, good collateral
flow was demonstrated despite persistent ICA occlusion, and
consequently, attempts were not made to immediately recana-
lize the ICA. We did not observe any clinical deterioration
during the hospitalization of our patients. Within days, spon-
taneous recanalization of the cervical ICA was seen in 5 of our
patients. High-grade stenoses were present in 3 patients, who
subsequently underwent carotid endarterectomy within 2
weeks of the stroke.25

Conclusions
There are no standardized treatment guidelines for intra-arte-
rial treatment of acute tandem ICA or MCA occlusion. Time
plays a critical factor in patient outcome. Use of collateral
vessels to direct thrombolysis into the occluded MCA may
provide an alternative quick, safe, and effective endovascular
treatment.
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