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 Introduction

Intracranial atherosclerotic stenosis is an important etiologi-
cal factor for cerebral infarction, and its incidence is report-
edly high in Asians [1]. According to the Japanese Stroke 
Databank 2015, intracranial atherosclerotic stenosis was 
observed in approximately 18% of patients with cerebral 
infarction. For medical treatment of symptomatic intracra-
nial atherosclerotic stenosis, antiplatelet drugs are primarily 
used, but the recurrence rate is high and the annual inci-
dence of cerebral infarction is approximately 10% [2] 
(Figs. 1 and 2).

Regarding neuroendovascular treatment for intracranial 
atherosclerotic stenosis, the usefulness of balloon angio-
plasty was reported following the development of balloon 
catheters for the intracranial cerebral blood vessels in the 
early 1990s [3, 4]. Thereafter, the development of intracra-
nial stents was promoted, and the results of a randomized 
controlled trial of Stenting and Aggressive Medical 
Management for Preventing Recurrent Stroke in Intracranial 
Arterial Stenosis (SAMMPRIS) showed that aggressive 
medical management was superior to angioplasty and stent-
ing with the use of the Wingspan stent system. Indeed, the 
30-day rates of stroke and death were 14.7% (10.2% isch-
emic, 4.5% hemorrhagic) with stenting versus 5.8% with 
aggressive medical management. However, even in the med-
ical management group, the risk is high. When the periopera-
tive strokes were excluded, the rates of subsequent ischemic 
strokes were almost the same in the two groups.

On the other hand, in Japan, the Wingspan stent was 
approved in July 2014, and it has been increasingly used. In 
this study, we retrospectively compared the results of neuro-
endovascular treatment for symptomatic intracranial athero-
sclerotic stenosis before and after Wingspan stent approval at 
our hospital.

 Materials and Methods

At our hospital, 256 sessions of neuroendovascular treatment 
were performed for 217 patients with symptomatic intracra-
nial atherosclerotic stenosis between 1999 and 2017. This 
treatment was indicated for patients meeting the following 
conditions: (1) ≥70% stenosis, (2) a history of cerebral 
infarction or repeated transient ischemic attacks (TIAs), and 
(3) written informed consent obtained from the patient or 
his/her family. Furthermore, acute-phase patients within 
three days after the onset of cerebral infarction were 
excluded. In addition, indication criteria for a Wingspan 
stent in Japan include: (1) emergency treatment for vascular 
dissection or acute/impending occlusion during angioplasty 
and (2) additional treatment after angioplasty under circum-
stances in which there is no other effective treatment method.

The subjects were divided into two groups: early-phase 
(from August 1999 until June 2014, before Wingspan stent 
approval) and late-phase (from July 2014 until December 
2017, after Wingspan stent approval) groups. We compared 
initial treatment results and perioperative complications 
within 30 days after treatment between the two groups. In the 
late phase, we also examined restenosis and recurrent cere-
bral ischemic events.

Neuroendovascular treatment was performed under 
local/intravenous anesthesia. For femoral artery punc-
ture, a 6-F guiding sheath or 8-F guiding catheter was 
used. As the stenotic blood vessel-dilating procedure, 
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balloon angioplasty alone was performed for initial 
treatment, as a rule. For balloon angioplasty, dilation at 
6 atm at maximum was conducted for 60–90 s using a 
balloon catheter measuring 1.5–4.0  mm in diameter 
(Gateway balloon catheter, Stryker, Maple Grove, MN, 
U.S.A. or Unryu balloon catheter, Kaneka Medics, 

Tokyo, Japan). When dilation after balloon angioplasty 
was insufficient or when acute occlusion related to vas-
cular dissociation occurred, a stent for the coronary 
artery was used in the early phase and a Wingspan stent 
(Stryker, Maple Grove, MN, U.S.A.) was used in the 
late phase for treatment.

Fig. 1 A 73-year-old patient with a history of minor stroke and recur-
rent right hemispheric transient ischemic attacks under double anti-
platelet therapy. (a) Angiography demonstrates high-grade stenosis of 

the left middle cerebral artery. (b) Residual stenosis after balloon angio-
plasty. (c) Widening of the lumen after deployment of the Wingspan 
stent

Fig. 2 A 68-year-old patient with recurrent brain stem and cerebellar 
infarction under double antiplatelet therapy. (a) Angiography shows 
high-grade stenosis of the left vertebral artery. (b) After balloon angio-

plasty and deployment of the Wingspan stent, there is minimal residual 
stenosis. (c) The radio-opaque stent end-makers are well visualized
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Two antiplatelet drugs were administered for 1 week prior 
to treatment. Two-drug administration was continued for 
1  month after surgery for patients who underwent balloon 
angioplasty, and for 6  months to 1  year after surgery for 
those who underwent stenting. Subsequently, this therapy 
was switched to monotherapy. Magnetic resonance imaging 
(MRI) was performed before treatment and within 3  days 
after treatment. In the late-phase group, cerebral angiogra-
phy was conducted 6 months after treatment if possible.

 Results

In the early phase, 188 sessions of treatment were performed 
for 163 patients (mean age: 63.5 ± 10.2 years, 125 males). In 
the late phase, 68 sessions of treatment were performed for 
54 patients (mean age: 66.4 ± 13.3 years, 45 males) (Table 1). 
In the early phase, the treatment procedures consisted of bal-
loon angioplasty for 157 patients (83.5%) and stenting for 31 
(16.5%). In the late phase, the former was selected for 33 
patients (48.5%) and the latter for 35 (51.5%); the number of 
patients treated by stenting increased. In the early phase, the 
internal carotid, middle cerebral, basilar, and vertebral arter-
ies were treated in 46, 77, 19 and 21 patients, respectively. In 
the late phase, they were treated in 19, 18, 5, and 11 patients, 
respectively.

The initial success rates of balloon angioplasty and stent-
ing were 96% and 100%, respectively. Patients with a per-
cent stenosis of ≤50% were regarded as achieving successful 
results. In the late phase, Wingspan stents were used in 14 
patients with internal carotid artery stenosis, in eight with 
middle cerebral artery stenosis, in three with basilar artery 
stenosis, and in 12 with vertebral artery stenosis.

Perioperative complications related to treatment within 
30  days consisted of minor stroke in six patients (3.2%) 
(peripheral embolism: three patients, penetrating vessel 
infarction: two patients and cerebral infarction related to vas-
cular dissociation: one patient) and major stroke in three 

(1.6%) (cerebral hemorrhage related to hyperperfusion dis-
order: two patients and cerebral infarction related to vascular 
dissection: one patient) in the early phase. In the late phase, 
minor stroke was observed in two patients (2.9%) (peripheral 
embolism: one patient and guidewire-perforation-related 
subarachnoid hemorrhage: two patients), and major stroke in 
one (in-stent thrombosis) (Table 2).

In the late phase, ≥50% restenosis was noted in 11 
patients during the follow-up period: eight patients (24.2%) 
who underwent balloon angioplasty and three (8.5%) who 
underwent stenting. Recurrent cerebral infarction was 
observed in one patient and TIAs in two. In 8 of the 11 
patients, additional treatment was performed (Wingspan 
stent insertion: six patients and balloon angioplasty: two 
patients).

 Discussion

In Japan, a balloon catheter for stenotic intracranial blood 
vessels was approved in 1991, earlier than in Europe and the 
United States. However, the catheter initially had a single 
lumen, and the incidence of perioperative complications was 
high. The results of treatment were not always favorable. In 
2002, a double-lumen balloon catheter for intracranial blood 
vessels was approved, and stent-free balloon angioplasty has 
since been primarily selected in Japan. The reported inci-
dence of perioperative complications related to minimally 
invasive procedures is relatively low, whereas that of reste-
nosis is high [5, 6]. However, there are no data to prove the 
efficacy of endovascular treatment for patients with symp-
tomatic intracranial stenosis so far.

In the United States, the Wingspan stent for intracranial 
stenosis was approved by the FDA in 2005. In 2011, a ran-
domized, controlled study (SAMMPRIS) of vasodilation 
with a self-expandable-type stent for intracranial blood ves-
sels, the Wingspan stent (Stryker, U.S.A.), which was newly 
developed to treat symptomatic intracranial artery stenosis, 
reported positive medical outcomes [7]. The subjects were 
451 patients with ≥70% stenosis with an interval of ≤1 month 
from the onset of TIA or mild cerebral infarction. Primary 
endpoints were stroke and death within 30 days. In the medi-
cal treatment and stenting groups, their incidences were 

Table 1 Comparison of patient characteristics between early and late 
phases

Early-phase Late-phase Total
N 163 54 217
Procedures 188 68 256
Balloon angioplasty 157 33 190
Stenting 31 35 66
Age, mean ± SD, years 63.5 ± 10.2 66.4 ± 13.3
M/F 125/38 45/9
Artery, N (procedures)
ICA 46 (53) 19 (24) 65 (77)
MCA 77 (88) 18 (23) 95 (111)
BA 19 (23) 5 (6) 24 (29)
VA 21 (24) 11 (15) 32 (39)

Table 2 Comparison of complications within 30 days after the proce-
dure between early and late phases

Early-phase Late-phase Total
Complications within 
30 days
Minor stroke/TIA 6 (3.2%) 2 (2.9%) 8 (3.1%)
Major stroke 3 (1.6%) 1 (1.5%) 4 (1.8%)
Total 9 (4.8%) 3 (4.4%) 12 

(4.7%)
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5.8% and 14.7%, respectively, demonstrating a significant 
difference. Regarding perioperative complications, the inci-
dence of ischemic stroke was 10.2% and that of hemorrhagic 
stroke was 4.5%. Among ischemic complications, 
penetrating- vessel-infarction-associated complications were 
observed in 15 patients (6.7%), embolic-infarction- associated 
complications in six (2.7%), and stent thrombosis in two 
(0.9%) [8]. As etiological factors for the complications, the 
use of a thick, hard delivery system was indicated, and 
patients treated in the acute to subacute phases after the onset 
of cerebral infarction were included. On the other hand, the 
recurrence rate ≥30 days after treatment in the two groups 
was approximately 5.8%, demonstrating no difference. In 
addition, the long-term results of the SAMMPRIS trial sug-
gested no significant difference in the incidence of new isch-
emic events after the perioperative period between the 
stenting and medical treatment groups [9].

In the United States, the Wingspan stent was initially indi-
cated for drug-therapy-resistant patients with ≥50% stenosis 
and ischemic cerebrovascular disorder, including TIA, 
related to intracranial artery stenosis. However, after 2008, 
the indication criteria were strictly modified based on the 
results of the SAMMPRIS trial: ≥70% stenosis, resistance to 
drug therapy, a history of ≥2 strokes, excluding TIA, and an 
interval of ≥8 days from onset. Regarding stenting with a 
Wingspan stent for stenosis of the middle cerebral artery, the 
reported incidence of complications was high in the learning 
stage, whereas there was a 50% decrease in the incidence in 
the acquired stage [10, 11].

Intracranial angioplasty with stenting initially started 
using the coronary balloon-mounted stents. A recent multi-
center registry study recruiting 300 patients demonstrated 
that the 30-day rate of stroke, TIA, and death after intracra-
nial stenting with a balloon-mounted coronary stent or the 
Wingspan stent was 4.3%. Patients treated with a balloon- 
mounted stent were less likely to have MCA stenosis and 
had a lower degree of residual stenosis than the Wingspan 
stent. However, a randomized clinical trial (the Vitesse 
intracranial stent study for ischemic stroke therapy: VISSIT), 
which compared balloon-expandable stent treatment with 
medical therapy in symptomatic intracranial stenosis, indi-
cated that the 30-day primary safety end point occurred in 
more patients in the stent group (24.1%) than in the medical 
group (9.4%) [12].

Both SAMMPRIS and VISSIT trials were not able to 
establish the efficacy of intracranial artery stenting compared 
with medical treatment. A SAMMPRIS post hoc analysis 
failed to show any subgroup of patients with intracranial artery 
stenosis who significantly benefited from stenting, even those 
at particularly high risk of stroke on aggressive medical ther-
apy. Further clinical trials may consider selection of patients 
demonstrating hemodynamic compromise as the mechanism 
of their ischemic stroke related to intracranial artery stenosis. 

In addition, balloon angioplasty without stenting technique 
may be another effective option for the treatment.

Our study has several limitations. This is a small retro-
spective study in which bias may have been introduced in the 
selection of patients and lack of medical arm. Other limita-
tions are the single-center design of study, insufficient fol-
low- up data, and only Japanese population data. Angiographic 
follow-up was usually performed once at 6 months after the 
procedure and MRA was performed mainly after that. 
Finally, this study consists of the experience of operators in 
an academic hospital, which may limit the generalizability of 
our results.

Balloon angioplasty and stenting for patients who have 
symptomatic intracranial atherosclerotic stenosis may have 
the potential of better clinical outcome if patients are prop-
erly selected and treated by an experienced operator at a 
high-volume center. However, prospective studies with a 
large population and long follow-up should be done to evalu-
ate the conclusion. Furthermore, well-designed randomized 
controlled trials will be necessary to show the value of endo-
vascular treatment (when compared to medical treatment) 
for patients with symptomatic intracranial atherosclerotic 
stenosis.
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