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Objective : Stenting of symptomatic intracranial stenosis has recently become an alternative treatment modality. However, urgent intracranial stent-
ing in patients with intracranial stenosis following a transient ischemic attack (TIA) or minor stroke is open to dispute. We sought to assess the feasi-
bility, safety, and effectiveness of urgent intracranial stenting for severe stenosis (>70%) in TIA or minor stroke patients.

Methods : Between June 2009 and October 2010, stent-assisted angioplasty by using a balloon-expandable coronary stent for intracranial severe
stenosis (>70%) was performed in 7 patients after TIA and 5 patients after minor stroke (14 stenotic lesions). Technical success rates, complica-
tions, angiographic findings, and clinical outcomes were retrospectively analyzed.

Results : Stenting was successful in all 12 patients. The mean time from symptom onset to stenting was 2.1 days (1-8 days). Post-procedural an-
giography showed restoration to a normal luminal diameter in all patients. In-stent thrombosis occurred in one patient (n=1, 8.3%), and was lysed
with abciximab. No device-related complications, such as perforations or dissections at the target arteries or intracranial hemorrhaging, occurred in
any patient. The mortality rate was 0%. No patient had an ischemic event over the mean follow-up period of 12.5 months (range, 7-21 months),
and follow-up angiography (n=7) revealed no significant in-stent restenosis (>50%).

Conclusion : Urgent recanalization with stenting is feasible, safe, and effective in patients with TIA or acute minor stroke with intracranial stenosis

of >70%.
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INTRODUCTION

Symptomatic intracranial stenosis carries a high risk of recur-
rent stroke within the first year, particularly in Asian and black
patients”. Despite risk factor modification and the use of warfa-
rin or aspirin, the rate of ipsilateral stroke to the intracranial
stenosis (50-99%) is 11% in the first year and 14% in the sec-
ond. Furthermore, in patients with severe stenosis of >70%, the
risk of subsequent stroke in the vicinity of a stenotic artery is
greater, with 23% risk at 1 year and 25% risk at 2 years".

Several studies have shown that the recurrent stroke rate in pa-
tients with intracranial stenosis decreases after angioplasty with
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a stent'®. However, no clinical randomized trial to date has pro-
vided standard therapeutic guidelines for intracranial stenosis
management by using an endovascular approach, and the ne-
cessity of early management of symptomatic intracranial steno-
sis remains the subject of debate. Our inability to predict which
patient is at an early high risk of a recurrent stroke after a cere-
brovascular event [transient ischemic attack (TIA) or stroke] may
explain current variations in the management of acute stroke
with intracranial stenosis.

Recently, the ABCD? scoring system was devised and validat-
ed for assessing the short-term stroke risk of patients after TIA.
This system is based on 5 clinical factors : age, blood pressure,
symptom duration, unilateral weakness or speech impairment
and a history of diabetes. According to this system, a score of >3
is associated with an increased general risk of vascular events in
the medium-to-long-term after TIA?.

We aimed to assess the effectiveness and safety of urgent in-
tracranial stenting for severe symptomatic stenosis (>70%) in
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TIA patients with an ABCD? score of >3 and in acute minor
stroke patients with intracranial stenosis of >70%.

MATERIALS AND METHODS

We retrospectively reviewed 12 patients with symptomatic in-
tracranial stenosis treated by stent-assisted angioplasty between
June 2009 and October 2010. The inclusion criteria were TIA
with an ABCD? score of >3 or acute minor stroke with intracra-
nial stenosis of >70%.

Patients presented to the clinic with the sudden onset of >1 of
the following symptoms : hemiparesis, speech disorder, hemi-
anopsia, gait disturbance, vertigo, dysphasia, or disturbance of
consciousness. Diagnosis was made by a vascular neurologist be-
fore patients were included in the study. On admission, comput-
erized tomography (CT) was performed to exclude hemorrhage,
and cerebral magnetic resonance imaging, including diffusion-
weighted imaging (DWI) and magnetic resonance angiography,
were conducted.

For stroke patients, the National Institutes of Health Stroke
scales (NIHSS) were checked on admission and at 7 days after
the procedure, and an independent neurologist checked the
modified Rankin Scale when the patient was to be discharged.
Minor stroke was defined as any acute neurological deficit with
a new lesion by DWI and a NIHSS score of <4.

TIA was defined as an acute transient focal neurological defi-
cit caused by vascular disease, which completely reversed with-
in 24 h' and caused no acute lesion by DWI. In TIA patients,
ABCD? scoring was performed by assigning points as follows :
age (260 years, 1 point); blood pressure (BP) at first assessment
after symptom onset (systolic BP of 2140 mm Hg or diastolic
BP of 290 mm Hg, 1 point); clinical features of TIA (unilateral
weakness, 2 points; speech impairment without weakness, 1
point); duration of symptoms (=60 min, 2 points; 10-59 min, 1
point); diabetes (1 point)?.

Stenosis percentages were calculated by measuring the nar-
rowest vessel diameter visualized within stenosis and express-
ing this as a ratio of its proximal diameter". Intracranial stents
were placed 1-2 days after the onset of symptoms in TIA patients
and as soon as possible in minor stroke patients. A loading dose
of 300 mg clopidogrel plus 300 mg aspirin was administered be-
fore endovascular treatment. All angiographic procedures were
performed using a transfemoral approach under local anesthe-
sia using an electrocardiogram, arterial oxygen saturation, and
blood pressure monitoring. After diagnostic angiography had
been performed, baseline activated clotting times (ACT) were
obtained to establish an intracranial stenosis.

Prior to the therapeutic procedure, patients were administered
with a systemic heparinization and a bolus injection of heparin
3,000 IU. An additional 1,000 U bolus of heparin was adminis-
tered every hour to maintain an ACT of >200 s throughout the
procedure. Stent placement was conducted as follows. A 6F
guiding catheter Envoy (Cordis Endovascular Corporation,

Miami, FL, USA) was positioned in the distal cervical ICA, and
preprocedural angiograms were then obtained in single planes.
The stenotic segment was crossed with a 205-cm-long, 0.014-inch-
thick microwire (Transcend 14; Target/Boston Scientific, Natick,
MA, USA) placed in the insular portion of the MCA to ensure
maximal support. A Flexmaster coronary stent (JoMed GmbH,
Rangendirgen, Germany) was used in all patients. The coronary
stent was then advanced over the microwire and positioned
across the stenosis using roadmap imaging and external stent
markings. Correct stent positioning was confirmed by angiog-
raphy and stent deployment was initiated using the roadmap
image. The balloon was slowly inflated by using a multistage
technique to prevent vessel dissection or rupture. When no gap
was present between the stent and the parent artery, deployment
was terminated, and was followed by a 30-min wait to identify
possible complications, such as acute in-stent thrombosis or
previously undetected vascular rupture. When post-stenting
angiography showed a filling defect, we considered the defect to
be due to acute in-stent thrombosis and instantly attempted
thrombolysis by administering Abciximab (4 mg) (Reopro; Cen-
tocor, Netherlands) intra-arterially through a guiding catheter.
Angiography was performed 10 min later to detect for undis-
solved thrombus. Repeat Abciximab boluses (2 mg) were ad-
ministered until complete thrombolysis was achieved. Com-
plete dissolution of the acute in-stent thrombus was deemed to
have occurred when no filling defect was identified on subse-
quent angiography, and if there were no complications, the pro-
cedure was completed. After the procedure, hemostasis of the
femoral artery was achieved using an occlusion device (Pro-
glide, Abbott Vascular Incorporated, USA).

Technical success was defined as revascularization of >50% of
the stenotic segment after stent deployment. Immediately after
stent placement, we obtained the detailed neurologic history
and performed a complete examination of all patients. The pa-
tients underwent non-enhanced brain CT for the evaluation of
possible hemorrhagic complications. Following endovascular
stent placement, patients were transferred to a stroke intensive
care unit for strict blood pressure control to prevent hyperper-
fusion syndrome.

After the procedure, patients were administered aspirin 100
mg and clopidogrel 75 mg daily. Low-molecular-weight nad-
roparin calcium (Fraxiparine; GlaxoSmithKline, France) 2,850
IU was also subcutaneously administered 3 times a day for at
least 3 days. Patients were discharged 7 days after the procedure
if their neurologic conditions stabilized.

RESULTS

Between June 2009 and October 2010, 12 patients (7 men and 5
women) with a mean age of 65.9 years (age range of 48-75 years)
were treated by stent-assisted angioplasty for symptomatic in-
tracranial stenosis. In this study, we retrospectively reviewed the
anamnesis of these 12 patients to determine whether urgent stent-
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ing in TIA or minor stroke patients is warranted. Seven TIA pa-
tients had an ABCD? score of >3 (Table 1) and 5 minor stroke
patients had an NIHSS score of <4 (Table 2).

In the 7 TIA patients, stent-assisted angioplasty was performed
within 24-48 h of symptom onset (mean, 1.6 days). In the 5 minor
stroke patients, the mean time from symptom onset to intracrani-
al stent placement (Fig. 1) was 2.8 days (range, 1-8 days).

Intracranial stent placement was technically successful in all 12
patients. The mean preprocedural stenosis was 80.4% (range, 72-
96%).

Acute in-stent thrombosis occurred in 1 patient (8.3%), but this
was completely resolved by intra-arterial Abciximab (6 mg). There
were no device-related complications, such as perforation or dis-
section at the target artery, and none of the patients showed evi-
dence of an intracranial hemorrhage by control CT. The mortality
rate was 0%.

The mean NIHSS score of the 5 stroke patients on admission
was 2.4 (range, 2-4), with a standard deviation of 0.4 (0-2) points.
At 7 days after recanalization, the mean NIHSS score of all pa-
tients was 0.4 (range, 0-2). No ischemic event occurred over 12.5
months (range, 7-21 months).

No significant in-stent restenosis (>50%) was observed in the 7
TIA patients during angiographic follow-up (mean, 8.6 months;
range, 6-19 months).

DISCUSSION

The paucity of intracranial stent studies with supportive sci-

entific evidence makes it difficult to derive differential indica-
tions for endovascular or medical treatment. Although a large
number of studies have addressed rates of recurrent ischemic
events after intracranial stent placement in symptomatic intra-
cranial arterial stenosis, little data exist regarding the rate of isch-
emic events during the deferral period in patients being consid-
ered for an intracranial procedure.

According to the WASID trial, symptomatic patients with
high-grade (=70%) stenosis have a poor prognosis after medi-
cal treatment". In patients with acute cerebral symptoms due to
severe intracranial stenosis, the goal of early intervention is to
stop plaque embolization from a vulnerable lesion'V. This is
chiefly because the risk for stroke is the highest during the first
48-h following a TIA*¢”, and urgent TIA treatment is associat-
ed with an 80-90% reduction in early stroke incidence?.

Nevertheless, the early management of symptomatic intracra-
nial stenosis remains the subject of debate, and our inability to
identify patients at early high risk of a recurrent stroke after a
cerebrovascular event (TIA or stroke) may explain why numer-
ous protocols exist for the treatment of intracranial stenosis in
patients who have experienced acute stroke.

Currently, intracranial angioplasty with a stent placement is
deferred in favor of optimizing medical treatment and initiating
anti-platelet agent therapy. Intracranial angioplasty with a stent
is also delayed to allow plaque stabilization and the resolution
of ischemic blood-brain barrier disruption, both of which re-
duce stent thrombosis and intracranial hemorrhagic complica-
tions. However, it remains controversial as to whether deferred

Table 1. Characteristics and clinical outcomes of patients with a transient ischemic attack and an ABCD? score of >3

Patient ABCD’ L Stenosis  Arrival to . mRS at Follow up
number as b score St Lo rate (%)  stenting Qoo discharge Angiography Ischemic event
1 M 66 4 Rt. Cavernous ICA 80 1 day No 0 7 months, no ISR No for 9 months
2 F 72 6 Lt. Cavernous ICA 96 1 day No 0 No No for 11 months
3 F 64 3 Lt. Paraclinoid ICA 87 1 day No 0 No No for 11 months
Lt. Cavernous ICA 72
4 M 56 3 Lt. Cavernous ICA 80 2 days No 8 months, no ISR No for 12 months
5 F 62 5 Rt. Paraclinoid ICA 96 2 days No 6 months, no ISR No for 14 months
Rt. Petrous ICA 77
6 F 68 7 Lt. M1 74 2 days No 0 7 months, no ISR No for 18 months
7 M 68 5 Lt. V4 72 2 days No 0 6 months, no ISR No for 11 months

ICA : Internal carotid artery, MCA : middle cerebral artery, M1 : first segment of MCA, V4 : fourth segment of vertebral artery, Rt. : right, Lt. : left, mRS : modified Rankin

Scale, ISR : in-stent restenosis

Table 2. Characteristics and clinical outcomes of patients with minor stroke and an NIHSS score of <4

Patient o Stenosis  Arrival to .. NIHSSscore mRSat Follow up
Sex Age  Stenosislesion " . Complication —— .

number rate (%)  stenting Initial 7 days discharge Angiography Ischemic event

1 M 63 Rt Supraclinoid 82 1 day Thrombosis* 4 2 0 7 months, no ISR No for 16 months
ICA

2 M 69 LtcavernousICA 72 3days No 2 0 0 Follow up loss
3 M 70 LtMl 80 lday  No 2 0 0 19 months, no ISR No for 21 months
4 F 48 RtMl 78 8days No 2 0 0 No for 7 months
5 M 75 LtMl 79 lday  No 2 0 0 No for 8 months

*Complete thrombolysis with Abciximab. ICA : Internal carotid artery, M1 : first segment of MCA, Rt. : right, Lt. : left, NIHSS : National Institutes of Health Stroke Scale,

mRS : modified Rankin Scale, ISR : in-stent restenosis
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intervention is associated with a lower
periprocedural rate of stroke or death.
Furthermore, any benefit associated
with delayed intervention may be offset
by high rates of recurrent ischemic
events during the interim period be-
tween the initial ischemic event and in-
tracranial angioplasty with a stent.

Kasner SE et al.” reported that patients
with 70-99% stenosis and recent symp-
toms (<17 days) have a high risk of
stroke. This is particularly the case for
patients with symptomatic intracranial
stenosis, predominantly in the region of
the stenotic artery. Potential intervention
should be considered soon after clinical
presentation, unless early intervention
increases the short-term risk. The early
risk of recurrent stroke with intracranial
stenosis has been recognized, with re-
ports showing that three-fourths of re-
current events occur during the first
months, and predominantly the first 7
days, after starting a medical treatment
or performing a planned endovascular
procedure®. In the GESICA study, de-
spite optimal medical treatment, 38% of patients at the 2-year fol-
low-up had experienced a recurrent cerebrovascular event in the
territory of the stenotic artery at a median of 2 months®. Further-
more, a consensus conference on intracranial atherosclerotic
disease concluded that the risk of recurrent ischemia is highest
within the first 2 weeks after the initial event in patients pre-
senting with symptomatic intracranial atherosclerotic disease'.

In this trial, the prognostic value of anti-thrombotic medica-
tion failure could not be ascertained. Furthermore, this study is
limited by its retrospective nature, the small sample size, and
the single center study.

CONCLUSION

This study indicates that urgent recanalization with stenting is
feasible, safe and effective in patients with TIA and an ABCD?
score of >3, or in patients with acute minor stroke with intra-
cranial stenosis <70%. Although this study was performed on a
small number of patients, it reveals that endovascular treatment
provide a satisfactory outcome.
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