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Abstract

A 71-year-old male presented with severe left cervical internal carotid artery stenosis manifesting as
repeated transient ischemic attacks consisting of right hemiparesis and motor aphasia. Carotid artery
stenting (CAS) under distal protection was performed to prevent further ischemic events. This
procedure was uneventful. However, the patient exhibited progressive right hemiparesis and motor
aphasia 3 days after CAS. Emergent angiography revealed carotid artery occlusion due to in-stent
thrombosis. In-stent percutaneous transluminal angioplasty (PTA) was performed under distal
protection. The carotid artery was recanalized with small residual thrombus. The neurological deficits
almost completely disappeared after PTA. Follow-up angiography 9 months after stenting showed
restenosis but no in-stent thrombosis. Carotid thrombosis after CAS can be resolved by in-stent PTA
under distal protection and subsequent treatment with antithrombotic agents.
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Introduction

Carotid artery stenting (CAS) shows potential as an
effective and safe treatment to alleviate internal
carotid artery (ICA) stenosis and prevent future
ischemic stroke as well as the need for carotid
endarterectomy (CEA).5,8,13,21,23–26,28,30) Various clini-
cal trials are in progress to establish the indications
for CAS.28,30) Carotid stent thrombosis is a rare
complication,4,6,12,24–26) observed in only one of 146
procedures.24) The reported incidence of carotid
thrombosis after CAS ranges from 0.04% to 2%.8,21,24)

However, carotid thrombosis can cause severe
neurological deficits. The standard strategy for
treatment of carotid thrombosis has not yet been
established, and the outcome after successful
recanalization remains unclear. We have performed
CAS for 307 patients with ICA stenosis in our
institute using various protection devices since
1997.

Here we describe a case of CAS complicated with
stent thrombosis treated by in-stent percutaneous

transluminal angioplasty (PTA) under distal protec-
tion.

Case Report

A 71-year-old man was admitted to our hospital with
recurrent transient right hemiparesis and motor
aphasia. Computed tomography (CT) on admission
did not reveal any abnormal density areas.
Diffusion-weighted magnetic resonance (MR) imag-
ing showed a small high intensity area at the
watershed territory of the ICA (Fig. 1). Emergent
angiography revealed severe left ICA stenosis with
thrombus (Fig. 2). Immediately after confirmation of
the diagnosis, antiplatelet therapy (ticlopidine 200
mg/day, aspirin 100 mg/day) and systemic heparini-
zation were started to maintain the activated clot-
ting time between 200 and 250 seconds. However,
transient ischemic attacks (TIAs) recurred 5 days
after admission. Emergent angiography showed
progressive stenosis with enlarged thrombus
(Fig. 3).

CAS with distal protection was performed to
alleviate the ischemia. First, pre-dilation was per-
formed using a SAVVY balloon catheter (4.5× 40
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Fig. 1 Diffusion-weighted magnetic resonance
images on admission showing a high inten-
sity area at the watershed territory of the
internal carotid artery.
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mm; Johnson & Johnson, New Brunswick, N.J.,
U.S.A.) under distal protection using the PercuSurge
Guardwire system (Medtronic AVE, Danvers, Mass.,
U.S.A.). A SMARTer stent (8× 40 mm; Johnson &
Johnson) was then placed. After withdrawing the
stent delivery system, the blood was aspirated using
an export catheter. The aspirated blood contained a
lot of thrombi. Angiography performed immediately
after CAS revealed sufficient dilation without
thrombus (Fig. 4). The patient's neurological status
did not change after the procedure. Argatroban
(60 mg/day) (anti-thrombin agent) was administered
intravenously for 24 hours, with continuous an-
tiplatelet therapy. No TIAs were observed after the
treatment.

Three days after CAS, the patient developed
progressive right hemiparesis and motor aphasia.
CT did not reveal any abnormal density areas.
Emergent angiography revealed stent occlusion due
to in-stent thrombosis (Fig. 5). The distal ICA was
supplied retrogradely from the external carotid
artery via the ophthalmic artery.

We decided to attempt in-stent PTA to recanalize
the occluded ICA. First, a microguidewire (Tran-
send soft tip; Boston Scientific, Natick, Mass.,
U.S.A.) was easily introduced into the distal ICA
beyond the thrombus. Then, a microcatheter
(Rapidtransit; Johnson & Johnson) was gently
advanced over the microguidewire, passing beyond

the stent. Angiography using the microcatheter
confirmed that the thrombus did not extend to the
distal ICA beyond the distal edge of the stent. Next, a
PercuSurge Guardwire was easily passed through
the thrombus and positioned at the distal ICA. Then,
in-stent PTA was performed using a SAVVY balloon
catheter (5× 40 mm) for 2 minutes at 6 atm under
distal balloon protection provided by the Guardwire.
The PTA balloon catheter was withdrawn, and
40 ml of blood between the protective balloon and
ICA bifurcation was aspirated using an export
catheter. A lot of thrombi were detected in the
aspirated blood by filtration. Angiography just after
PTA showed recanalization of the occluded carotid
artery with some residual thrombus (Fig. 6). Thus,
the procedure was finished without additional stent
placement in stent. Unfortunately, intravascular
ultrasonography was not available because of the
emergent procedure.

The neurological deficits improved immediately
after PTA. Systemic heparinization was performed
for 7 days after the PTA procedure. Diffusion-
weighted MR imaging 2 days after recanalization
revealed enlargement of the high intensity area at
the watershed zone (Fig. 7). Follow-up angiography
1 week after recanalization showed reduced throm-
bus. Intravascular ultrasonography showed no float-
ing thrombus around the stent. Ultrasonography 10
days after PTA showed that the stent was patent
without remarkable thrombus. The patient was
discharged with very mild right hemiparesis 14 days
after the PTA procedure.

Follow-up ultrasonography 1 month after dis-
charge did not show any thrombus or restenosis.
The patient's hemiparesis disappeared. However,
follow-up angiography 9 months after stenting
showed 60% restenosis (Fig. 8). The patient had not
developed any new neurological deficits. His
progress has been closely observed continuing two
antiplatelet agents without further treatment.

Discussion

Two patients died of carotid thrombosis after CAS,6)

but neither received adequate periprocedural
antithrombotic medication. All other reported cases
of carotid stent thrombosis have also involved
insufficient antithrombotic medication.4,12,27) Acute
thrombosis after intervention is the result of
aggregation of activated platelets.14,20) Medication
with a combination of aspirin and ticlopidine after
coronary artery stenting prevented thrombus forma-
tion more effectively than medication with heparin
only or with aspirin and warfarin.16) Therefore,
combination antiplatelet therapy is currently recom-
mended as the standard periprocedural medication.

In the present case, CAS was performed in the
acute stage due to recurrent transient hemiparesis
and progression of stenosis with enlarged thrombus,
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Fig. 2 Left carotid angiogram on admission revealing severe left internal carotid artery stenosis
with thrombus.

Fig. 3 Left carotid angiogram before carotid artery stenting showing progressive stenosis with
enlarged thrombus.

Fig. 4 Left carotid angiogram immediately after carotid artery stenting revealing sufficient dilation
without thrombus.

Fig. 5 Left carotid angiogram before in-stent percutaneous transluminal angioplasty revealing stent
occlusion due to in-stent thrombosis.

Fig. 6 Left carotid angiogram after in-stent percutaneous transluminal angioplasty revealing
recanalization of the occluded carotid artery with some residual thrombus.
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which was refractory to antithrombotic treatment.
The reasons why CAS was selected rather than CEA
were that intraluminal thrombus was also one of
high risk factors of CEA,10) and CAS had the
advantage that we could easily detect the patient's
neurological changes during procedure, because
CAS could be performed under local anesthesia. The
present patient received two antiplatelet agents
immediately after admission, but these two agents
apparently did not alleviate the TIAs. Thus, in-
sufficient periprocedural antithrombotic medica-
tion appears to be a risk factor for development of
carotid thrombosis after CAS.

The major risk factors for subacute stent thrombo-
sis after coronary angioplasty are urgency of the
procedure, inappropriate pretreatment, dissection
at the uncovered stented portion, and a high degree
of residual stenosis.17) The concept of ``aspirin non-
responder'' also requires attention. So-called ``aspi-
rin non-responders'' have a higher incidence of
clinical ischemic events.2,11) Accordingly, aspirin
resistance is another risk factor for stent thrombosis.
Quantitative assessment of preoperative platelet
function, for example with PFA-100, might be
necessary to predict aspirin treatment failure.

Recent findings indicate that abciximab, which
binds to the membrane surface glycoprotein IIb/IIIa
platelet receptor, not only prevents thromboembolic
complications after CAS but also facilitates recanali-
zation for acute ischemic stroke.1,9,15,29) In fact,
abciximab administration has achieved successful
recanalization of occluded cerebral vessels in some
cases.4,12,27) Systemic abciximab injection can dis-
solve carotid thrombosis without new neurological
deficits,27) and carotid recanalization was achieved
by percutaneous thrombectomy with AngioJet
(Possis Medical Inc., Minneapolis, Minn., U.S.A.)
and intravenous abciximab injection.4) However,
abciximab is currently not available in Japan. In
addition, hemorrhagic complications have been
associated with the use of abciximab, although a
randomized trial has shown that no additional
hemorrhagic risk is associated with dose-escalation
abciximab treatment.3,7,19) Therefore, abciximab is
currently of limited use in cerebrovascular applica-
tions, because its safety has not been firmly estab-
lished.

In the present case, we performed in-stent PTA
under distal protection with PercuSurge, because
Parodi's proximal protection system was not availa-
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Fig. 7 Diffusion-weighted magnetic resonance
images 2 days after recanalization revealing
enlargement of the high intensity area at the
watershed zone.

Fig. 8 Follow-up left carotid angiogram 9 months
after stenting showing 60% restenosis.
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ble at that time. A proximal flow control system such
as Parodi's system is generally considered superior
to distal protection for prevention of embolic com-
plications during lesion crossing.22) Diffusion-
weighted MR imaging after recanalization showed
enlargement of the high intensity area at the water-
shed zone, but whether this increase was the result
of carotid thrombosis or the PTA procedure was
unclear. Fortunately the patient's neurological
status improved dramatically after recanalization.
Recurrence of carotid artery occlusion due to
thrombosis was prevented by combined antithrom-
botic medication. In-stent PTA under distal balloon
protection is one of the possible procedures for
resolving carotid stent occlusion.

The outcome after successful rescue of carotid
thrombosis remains unclear. In the present case,
follow-up angiography 9 months after the CAS
procedure revealed moderate restenosis without
neurological symptoms. Activated platelets can
cause carotid thrombosis formation, which can
enhance the chemotactic and migratory properties
of smooth muscle cells.18) The available evidence
strongly suggests that activated platelets can lead to
restenosis, and thus indicates that carotid thrombo-
sis may be a risk factor for restenosis. Strict
postoperative management is also needed after
rescue from carotid thrombosis.

Carotid thrombosis after CAS can be resolved by a
combination of in-stent PTA under distal protection
and subsequent treatment with antithrombotic
agents. Postprocedural management after recanali-
zation is also important for the prevention of
rethrombosis and restenosis.
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