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clusion after carotid dissection predicts poor outcome
after systemic thrombolysis. Current treatments include
the use of endovascular carotid stenting, which carries
with it a high risk of propagating further embolic events

and worsening the dissection. New strategies for avoid- INTRODUCTION
ing the aforementioned side-effects include recanaliza- Dissection of the internal carotid artery (ICA) accounts
tion using cross-collaterals for delivery of intra-lesional for a significant proportion of ischemic stroke in young

tissue plasminogen activator (tPA). We present tWo  patients, representing up to a quarter of such cases'”.
cases that provide further support for this novel ap-

proach. Both patients presented with a National Insti-
tute of Health Stroke Scale of 20, received intra-arterial
tPA via cross-collateralization, and made full recoveries
without the need for stenting.

Lucas and colleagues illustrated that the underlying
pathophysiology of carotid artery dissection ischemia
is most often due to thrombus formation and second-
ary embolization”. In many cases, this embolization can
result in a tandem ICA and middle cerebral artery occlu-
© 2013 Baishideng Publishing Group Co., Limited. Al rights ~ sion (TIM)". At presentation, patients with TIM occlu-
reserved. sions usually have a similar clinical severity to those with

isolated middle cerebral artery (MCA) obstruction. How-
Key words: Tandem internal carotid artery and middle ever, they have a lower chance of MCA recanalization
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after systemic tissue plasminogen activator (tPA) therapy
and often result in worse clinical outcomes'’. A review
of 221 stroke patients identified TIM occlusions as an
independent predictor of poor outcomes after systemic
thrombolysis'.

The current treatment regime involves systemic tPA
within 3 h of presentation. However, as previously noted,
this may not allow adequate cerebral reperfusion in a
TIM occlusion and may, unfortunately, predispose the
development of a malignant brain infarct!”. In order to
improve clinical outcomes, this group of patients may
need more aggressive intervention to restore cerebral
perfusion. However, the ideal treatment for such cases
remains elusive™”.

Recently, treatment of patients with ICA dissections
refractory to medical management has focused on endo-
vascular stenting and angioplasty"”. A small patient seties
described stent-assisted thrombolysis in TIM occlusions.
Specifically, the proximal ICA was recanalized with stent
implantation followed by MCA recanalization #ia subse-
quent intra-arterial thrombolysis or thrombectomy!"". In
theory, endovascular therapies in the treatment of carotid
dissection occlusions may lead to significant procedural
complications, as the lesion pathology requires the in-
terventionist to navigate the true lumen. Failure to do so
may result in extending the dissection or vessel perfora-
tion, which in turn may lead to worse outcomes.

In certain cases, avoidance of the ICA may be pre-
ferred. Treatment of the MCA occlusion in a TIM by
bypassing the ICA has only been described in three
previous reports'~ . We provide two additional cases
demonstrating the successful recanalization of an MCA
occlusion by administering intra-arterial tPA through a
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Figure 1 Pre and post intervention cerebral angiog-
raphy. A: Left carotid occlusion from likely dissection; B:
Cross filling of the left internal carotid artery distribution via
right internal carotid artery injection. The left middle cerebral
artery (MCA) distribution does not completely opacify due to
thrombus; C: Microcatheter crossing into the left MCA via the
anterior communicating artery. Intra-arteria tissue plasmino-
gen activator was delivered; D: Magnetic resonance angiog-
raphy performed 10 h later confirms patency of the left MCA
branches correlating with the patient’s resolution of clinical
symptoms.

microcatheter guidewite va cross-collateralization.

CASE REPORT

A 52-year-old male arrived at an outside hospital with
global aphasia, right hemiplegia and a National institute of
Health Stroke Scale (NIHSS) of 20. He was found to have
a left MCA stroke on head computed tomography (CT).
Tele Stroke was activated and he was given intravenous
() tPA at 1.5 h after symptom onset and transferred to a
tertiary hospital. The patient’s exam remained unchanged
on arrival, head CT showed no evidence of stroke, and he
was subsequently taken to the angiography suite.

Under general anesthesia, the left common carotid
artery was catheterized and images of the cervical carotid
arteties were obtained (Figure 1A). He was found to have
a left carotid artery dissection (CAD). At this point, the
proximal left ICA was partially opened. The true lumen,
however, was difficult to identify and further attempts
risked propagating the dissection intracranially.

Subsequently, the right ICA was catheterized through
the right common carotid artery for angiography. A
thrombus was located in the middle Sylvian (M2) posi-
tion; imaging was obtained during the arterial phase so
opacification was not seen. The anterior communicating
artery (ACOMM) was slightly greater than 1 mm. At this
point, a microcatheter was advanced from the right in-
ternal carotid system iz the ACOMM into the left MCA.
Both the superior and inferior trunks were catheterized
and a total of 2 mg of tPA was delivered in each trunk
providing an additional 4 mg to the systemic tPA dose
(Figure 1B and C).

Post-procedure Thrombolysis in Cerebral Infarc-
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MRI BRAIN WO

Figure 2 Ten hours post procedure imaging demonstrating small left
subcortical infarct. A: Post procedure diffusion weighted magnetic resonance
imaging; B: Post procedure apparent diffusion coefficient.

tion (TICI) score and immediate arteriogram were un-
changed. The intervention was performed three hours
post symptom onset and the procedure duration was two
hours. Ten hour magnetic resonance angiography (MRA)
confirmed recanalization of the MCA (Figure 1D), and
magnetic resonance imaging (MRI) revealed a small
stroke (Figure 2). Pre-procedure MRI was not performed.
Heparin (77) was given on the following day. Of note,
anticoagulation was not started earlier since the patient
received a full dose of 7 tPA prior to the intervention.
After twenty-four hours, the patient had full strength and
minimal word finding with an NIHSS of two. After 3 mo,
his NIHSS was zero. Three years later, he has returned to
work and continues without neurological deficits.

Our second patient was a 40-year-old male who pre-
sented with left hemiplegia, and was diagnosed with CAD
after obtaining a cerebral angiogram. He was treated with
intra-lesional tPA iz cross-collateralization, and recana-
lization of the right MCA was obtained eight houts post
presentation. His pre and post-procedure NIHSS, as well
as his NIHSS 3 mo latet, wete by coincidence the same
as the first patient. He continues to have a non-focal neu-
rologic exam three years post treatment.

DISCUSSION

Ischemic stroke associated with CAD is primarily due to
embolic phenomena, which can affect many vessels and
commonly targets the ICA, MCA or both in tandem. The
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latter independently predicts poor clinical outcome and
so efficacious and consistent treatments are highly de-
sired”. Thrombolysis has typically been the management
of choice for CAD, and is thought to prevent subsequent
embolic events!"”. However, a definitive treatment of
choice for CAD does not exist. Evidence for tPA use in
CAD is lacking, and may be associated with certain risks
including hematoma extension and subarachnoid hemor-
rhage. Thrombolytics (i) have been shown to cause re-
canalization in approximately 30%-40% of patients. This
treatment has not been efficacious in the case of TIM".
Of interest, endovascular stenting has successfully been
employed to treat medical refractory CAD that resulted
in thromboembolic events' "',

Lavallée ¢z al'" analyzed the benefits of stent assisted
endovascular thrombolysis with 7z tPA involving a small
series of ICA dissections. In this study, 10 patients who
met the selection criteria were given either systemic tPA (»
= 4) or endovascular stenting and intra-lesional tPA (z =
0). Those in the endovascular group had significantly bet-
ter prognosis, which was linked to recanalization of the
occluded vessels, particularly the MCA. The MCA was
patent in all endovascular cases and occluded in three of
the four cases in the systemic tPA group. Both emboliza-
tion and in stent thrombosis were side effects of endo-
vascular treatment.

Opening the ICA is the ideal option, however, given
the difficulty of observing the true carotid lumen and
associated risk of extending the dissection intracrani-
ally, bypassing the dissection was considered the optimal
strategy. Rahme e7 al™ describes 15 cases in the litera-
ture of treating MCA thrombosis in TIM occlusions via
cross-collateralization, and recanalization was achieved
in 54.5%-75.0% of cases. Our report provides further
support for the strategy of treating TIM occlusion zia
delivery of intra-lesional tPA using collateral vessels. In
both cases presented, intra-lesional tPA was administered
through a microcatheter passed through the ACOMM,
and recanalization was observed »ia angiographic im-
provement on MRA. At 3 mo, both patients had fully
recovered and returned to their daily activities. They
continued to have a non-focal neurologic exam three
years later.

Our presented cases did not have any complications,
however, the risk of the described intervention includes
endangering the contralateral carotid circulation, damag-
ing smaller collateral arteries, and compromising collat-
eral flow. Specifically, instrumenting small caliber arteries
may result in dissection, occlusion, or distal thrombosis.
This approach is ideal for patients in whom it is felt that
the cervical carotid artery cannot be safely recanalized ot
in whom recanalization of the cervical carotid artery may
lead to significant reperfusion hemorrhage. The ideal pa-
tient for this procedure is directly dependent on the pres-
ence of a collateral vessel, like the ACOMM, having an
adequate diameter for passage of a microcatheter. Radio-
graphic studies have demonstrated that an intact anterior
circulation is present in 74%-90% of the population and
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an intact posterior circulation is present in 48.5%-63% of
the populationmzo]. Of note, a review of anatomic vati-
ants in healthy Chinese individuals demonstrated that a
complete anterior circulation with incomplete posterior
circulation is present in 47.7% of individuals; a complete
posterior circulation with an incomplete anterior circula-
tion is only present in 5.2% of individuals”. Another
risk includes receiving an additional 4 mg of tPA to the
systemic dose which increases risk for hemorrhage. It is
important to analyze the risks and benefits of any proce-
dure. The presented patients were highly functional with
a devastating stroke, and, therefore, the intervention was
considered worthwhile.

TIM secondary to CAD are refractory to pure medi-
cal management and strongly predict poor outcomes in
patients. Stent assisted endovascular thrombolysis is ef-
fective when compared against traditional management
but carries an additional risk of worsening the dissection
and propagating further thromboembolic events. There-
fore, avoidance of the occluded carotid artery may be
preferred in certain scenarios. In these cases, delivery of
intra-lesional tPA using collateral vessels resulted in com-
plete clinical recovery and recanalization of the occluded
MCA. Our experience provides further support for uti-
lization of this novel method of treatment when other
modalities may not be feasible.

COMMENTS

Case characteristics

Tandem internal carotid artery and middle cerebral artery occlusions secondary
to carotid artery dissections are refractory to stand alone medical management,
and recanalization with intra-arterial tissue plasminogen activator (tPA) using
cross-collateralization may be an effective alternative for treating these patients.
Clinical diagnosis

The patient presented with global aphasia and right hemiplegia suggestive of a
left middle cerebral artery stroke.

Differential diagnosis

The differential diagnosis includes left middle cerebral artery thrombosis or dis-
section.

Imaging diagnosis

Cerebral angiography revealed left internal carotid artery dissection and left
middle cerebral artery occlusion.

Treatment

tPA (iv) was first used for recanalization but failed, therefore, catheter guided
intra-arterial delivery of tPA was then implemented towards successfully re-
canalizing the middle cerebral artery occlusion.

Related reports

There have only been three reports describing the use of intra-arterial tPA
delivery via cross-collaterals in the literature, and we provide two more cases
supporting its use in treating tandem internal carotid artery and middle cerebral
artery occlusions.

Term explanation
Cross-collateralization: Using collateral vessels to navigate endovascular instru-
ments around abnormal or damaged vessels.

Experience and lessons

Stent assisted endovascular thrombolysis of tandem internal carotid artery
and middle cerebral artery occlusions (TIM) is effective but carries the risk of
worsening the dissection and propagating further thromboembolic events, and,
therefore, avoidance of carotid occlusions and recanalization with intra-arterial
tissue plasminogen activator, using collateral vessels may be an effective alter-
native for treating patients with TIM.
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Peer review

The strengths of this article is that it provides additional cases where utilizing
collateral vessels was an effective strategy for treating tandem internal carotid
artery and middle cerebral artery occlusions. The report also summarizes im-
portant factors to consider when determining whether a patient is a good candi-
date for this intervention. The study is well-written and interesting.
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