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ABSTRACT
Background Symptomatic brain hemorrhage was a
significant cause of periprocedural stroke or death
following stenting in the Stenting and Aggressive
Medical Management for Preventing Recurrent Stroke in
Intracranial Stenosis trial, which called into question the
safety of Wingspan stenting for intracranial
atherosclerosis. This study analyzed the role of a learning
curve in the safety and outcome of Wingspan stenting
from the experience of 95 consecutive patients at a
single center.
Methods In this prospective study the endpoints were
major stroke or death (modified Rankin Scale score >3)
within 30 days, other neurological complications,
technical procedural problems, technical success in
completion of angioplasty and stenting and recurrent
ischemic stroke in the corresponding vascular territory
after 30 days. Data splitting into quarters was used for
learning curve analysis.
Results The periprocedural major stroke or death rate
was 4.2% (4/95), minor stroke rate was 5.3% (5/95),
total 9.5% (9/95). The technical procedural problem rate
was 11.6% (11/95) and the technical success rate was
93.7% (89/95). The 89 patients were followed for 38.9
±22.7 months (median 40.8, range 0.2–72,
3463 patient-months) after stenting. The risk of recurrent
ischemic stroke in the corresponding vascular territory
was 0.7% per patient per year (2/3463 patient-months).
Guidewire- or angioplasty-related hemorrhage was the
major cause of periprocedural major stroke or death
(3/4, 75%) and did not occur in the last quarter.
Periprocedural intracerebral hemorrhage was uncommon
and perforator stroke did not occur.
Conclusions There may be a learning curve for
mastering the safety precautions of Wingspan stenting
for intracranial atherosclerosis.

INTRODUCTION
Intracranial atherosclerotic stenosis accounts for
approximately 8–10% of cases of ischemic stroke
in the USA1 2 and 33% of cases in Asia.3

Angioplasty and stenting has been considered bene-
ficial in preventing recurrent stroke in patients with
symptomatic and severe intracranial stenosis
(≥70%),4 but this belief has been questioned since
the publication of the Stenting and Aggressive
Medical Management for Preventing Recurrent
Stroke in Intracranial Stenosis (SAMMPRIS) trial,
the first randomized controlled trial on stenting
versus medical therapy for intracranial arterial

stenosis. The trial indicated that aggressive medical
management was superior to stenting using the
Wingspan system in preventing recurrent stroke,5

partly because the periprocedural stroke or death
rate within 30 days after Wingspan stenting
(14.7%) in the trial was unacceptably high and sub-
stantially higher than the rates reported in early
studies (4.5–9.6%).6–8 Although the high rate of
periprocedural complications was attributed by the
authors of the SAMMPRIS trial to the inclusion of
patients with recent symptoms that were known to
be associated with an increased risk of distal embol-
ism during stenting,9 10 there were a number of
causes of symptomatic periprocedural stroke
including 63.3% (19/30) ischemic stroke and
37.7% (11/30) hemorrhagic stroke. While factors
such as the timing and dosing of the clopidogrel
load, the size of the core infarct prior to stenting
and perioperative blood pressure management
could be causes of hemorrhagic complications,
complications due to the technical aspect of the
stenting procedure remain a possible cause and
warrant further studies.
The objective of this study was to analyze the

role of a learning curve factor in the safety and
outcome of Wingspan stenting based on the experi-
ence with 95 consecutive patients in a single center.

METHODS
Study design
This prospective single-center study was approved
by the institutional review board. From February
2006 to October 2011, 3240 patients with ische-
mic stroke or a transient ischemic attack (TIA) pre-
senting to the institution were assessed and
investigated. Ninety-five patients who fulfilled all
the following inclusion criteria underwent angio-
plasty and stenting and were followed to the time
of analysis in February 2012. The inclusion criteria
included: (1) stenosis ≥70% and ischemic stroke or
TIA; or (2) stenosis ≥50% and recurrent ischemic
stroke or TIA despite medical therapy; and
(3) minor ischemic stroke with potentially salvage-
able cerebral function, mentally sound enough to
give their own consent and cooperate during the
procedure with National Institutes of Health Stroke
Scale (NIHSS) score ≤8 and baseline modified
Rankin Scale (mRS) score ≤3; (4) stenosis con-
firmed by digital subtraction angiography (DSA);
(5) location of the stenosis corresponding to the
vascular territory of the ischemic event;
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(6) diameter of the vessel immediately adjacent to the stenosis
≥2 mm; (7) length of each stenosis ≤14 mm; and (8) written
informed consent obtained for the procedure and the study.
Patient inclusion was not limited to those with a symptomatic
event presenting within 30 days because we presumed angio-
plasty and stenting would be beneficial to the patients for stroke
prevention as long as there were recurrent ischemic symptoms
despite medical therapy. Exclusion criteria included: (1) non-
atherosclerosis stroke etiology such as cardiogenic embolism,
Moyamoya disease or vasculitis; (2) sizeable cerebral infarct
(more than one-third middle cerebral artery (MCA) territory) at
risk of hemorrhagic conversion; (3) contraindication to antipla-
telet therapy such as bleeding diathesis, active peptic ulcer or a
history of intracerebral hemorrhage; or (4) concurrent intracra-
nial pathology such as tumor, arteriovenous malformation or
aneurysm. Morphologically high-risk patients were not excluded
from angioplasty and stenting.

Study endpoints
The primary endpoint was periprocedural major stroke or death
within 30 days. The incidence and causes of the major stroke,
which was defined as any stroke with mRS score 4–6, were
studied. The secondary endpoints were other periprocedural
neurological complications within 30 days, technical problems
encountered during the procedure, technical success of the pro-
cedure and ischemic stroke in the corresponding vascular terri-
tory during the follow-up period. A technical problem was
defined as any technical situation that significantly hinders the
procedures of angioplasty and stenting and seriously affects the
success of the procedure. Technical success was defined as suc-
cessful completion of the procedure of angioplasty and stenting
at the site of stenosis.

Treatment procedure
The procedure was performed under local anesthesia without sed-
ation; this practice was partly due to limited resources of general
anesthesia in our institution and it also allowed monitoring of
ischemic symptoms during the procedure. Three-dimensional rota-
tional angiography (3DRA) was used for the assessment of stenosis
and selection of optimal projections for biplane fluoroscopic guid-
ance. Biplane angiographic equipment (Integris BV5000) was used
for the first 59 patients and Allura Xper FD 20/20 for the rest
(Philips Medical Systems, The Netherlands). All the procedures
were performed by a constant team of an interventional neurora-
diologist with 8 years of experience in endovascular neurointer-
vention (SCHY) and an interventional neurologist with 1 year of
experience (TWHL) at the onset of the study. Instruments
included a 6 Fr guiding catheter, extracranial catheters (Guider
Softip XF, Boston Scientific Corporation (BSC), Plymouth,
Minnesota, USA or Shuttle-SL, Flexor Tuohy-Borst Sidearm
Introducer, Cook Medical, Bloomington, Indiana, USA) or intra-
cranial catheters which were placed in the intracranial internal
carotid artery (ICA) or cervical vertebral artery (Neuron Delivery
Catheter 053, Penumbra, Alameda, California, USA); micro guide-
wire 160 cm and 300 cm long (Transend Floppy 160 cm and
300 cm, BSC); support wires (V18, BSC); microcatheter (Excel
14, BSC); and angioplasty balloon catheter (Gateway, BSC). The
criteria for selection of the size of angioplasty balloon and
Wingspan stent were the same as that previously described.6–8

However, we used a short balloon inflation time of ≤10 s because
the patients were not under general anesthesia and might not toler-
ate the ischemia during a long balloon inflation time. All patients
were treated with daily oral aspirin 100 mg and clopidogrel 75 mg
for at least 3 days before the procedure. A moderate dose of

heparin (2500 IU) as an intravenous bolus was administered
during the procedure to maintain an activated clotting time of
180–250 s and was not reversed at the end of the procedure. After
the procedure, daily oral aspirin 100 mg and clopidogrel 75 mg
were prescribed for 3 months and subsequently daily oral aspirin
100 mg was continued life-long. The systolic blood pressure was
stabilized at levels of 120–130 mmHg before discharge.

Outcome assessment
Details of all individual procedures including specific instruments,
the technical process of the procedure and problems encountered
during the procedure were documented. Neurological symptoms
during the periprocedural and follow-up period were assessed and
documented by neurologists who were not involved in the study
for evidence of ischemic or hemorrhagic stroke, which was con-
firmed with CT or MRI by independent neuroradiologists.
A research assistant blinded to the study was responsible for cap-
turing all the clinical and radiological data of all the patients to
ensure all the complications were included.

Outcome of patients treated with medical therapy
From the group of 3240 patients who presented to the institu-
tion during the same period, we selected those who had athero-
sclerotic intracranial stenosis ≥70% and received only medical
therapy as a control group for evaluation of treatment outcome.
Medical therapy consisted of aspirin 80 mg for the entire
follow-up period, clopidogrel 75 mg for 6 weeks and standard
medication for the modifiable cardiovascular risks including dia-
betes mellitus, hypertension and hyperlipidemia.

Learning curve analysis
The learning curve effect was analyzed using a data splitting
method.11 The outcome data of all 95 patients were split into
quarters according to chronological sequence. Variables includ-
ing patient age, degree of stenosis, location of stenosis,
event-to-stenting interval, occurrence of technical problems
during the procedure, technical failure and guidewire/
angioplasty-related hemorrhagic complications within 30 days
were included for analysis. Differences between the groups of
quarters were studied using the Mann–Whitney test for continu-
ous variables and the χ2 test for categorical variables for trend
changes across the groups.

RESULTS
Patient demographics and lesion characteristics
There were 68 men and 27 women (mean age 64.7±10.6 years,
median 65, range 34–84) who presented with stroke (n=41) or
TIA (n=54); 41 had hypertension, 46 had hypercholesterol-
emia, 29 had diabetes and 23 were smokers. The median
NIHSS score was 2 and the median mRS score was 2. The mean
degree of stenosis was 75.5±10.3% (median 74%, range 50–
99%). The lesion was located in the ICA in 26 cases (27.6%),
the ICA and MCA in 11 cases (11.5%), M1 of the MCA in 37
cases (38.9%), M2 of the MCA in 3 cases (3.1%), the basilar
artery in 10 cases (10.5%) and the vertebral artery in 8 (8.4%).
The event-to-stenting interval was <30 days in 58 patients
(61.1%) and >30 days in 37 (38.9%).

Study endpoints
Periprocedural major stroke or death within 30 days occurred in
four of the 95 patients (4.2%), including three major ipsilateral
guidewire- or angioplasty-related hemorrhage and one major
ipsilateral ischemic stroke (seventh patient), all of which resulted
in death. The etiology and mechanism of bleeding in each of
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these three hemorrhagic complications differed; the same
mistake was not made twice. The first major hemorrhage
(eighth patient) was a subarachnoid hemorrhage from the mid
basilar artery which occurred after a second angioplasty for a
87% stenosis. A 3 mm balloon was used for the basilar artery of
3.2–3.4 mm diameter after an initial failure of angioplasty using
a 2.75 mm balloon. The second case of major hemorrhage
(48th patient) was due to dissection of a M1 segment with the
micro guidewire during an attempt to recannulate a 90% sten-
osis at M1 for stent placement. Angioplasty had been performed
at the M1 stenosis and the track was subsequently lost. The
third case of major hemorrhage (66th patient) was due to per-
foration of a perforator at M2 with the micro guidewire during
angioplasty. There were five cases of periprocedural minor
stroke (5.3%), which included two cases of minor contralateral
ischemic stroke with CTevidence of a small new infarct (mRS 1
and 3, respectively), two cases of minor ipsilateral ischemic
stroke with CT and MRI evidence of a small new infarct (mRS
1 and 3, respectively) and one case of minor ipsilateral hemor-
rhage due to hyperperfusion (mRS 3) with CT evidence of sig-
nificant improvement in cerebral perfusion and a small amount
of intraventricular bleeding. These five cases of periprocedural
minor stroke all resulted in good clinical recovery. In total, peri-
procedural stroke occurred in nine patients (9.5%), periproce-
dural death occurred in four patients (4.2%) and periprocedural
stroke or death occurred in nine patients (9.5%).

In the five patients with periprocedural major or minor ische-
mic stroke, the event-to-stenting interval was <30 days in three
patients (60%) and >30 days in two (40%). There was no dif-
ference in the risk of periprocedural ischemic stroke between an
event-to-stenting interval of <30 days and >30 days (5.2% vs
5.4%; two-tailed p=1.00, Fisher exact test).

Technical problems were encountered sporadically during the
procedure in 11 patients (11.6%), essentially in patients with
tortuous vascular morphology along the vascular access path
leading to the stenosis which caused difficulty in advancement
of instruments and subsequent malfunction of instruments or
symptoms of patients (table 1). With the use of intracranial

guiding catheters to overcome unfavorable vascular morphology
in the last 35 patients of the series, technical problems were no
longer encountered.

The procedure was completed in 89 of the 95 patients (tech-
nical success rate 93.7%). Technical failure of the procedure
occurred in six patients due to problems encountered during the
procedure in four patients (66.7%), including TIA and failure to
manipulate the balloon catheter across the stenosis, and to
procedure-related hemorrhagic complication in two patients
(33.3%) (table 1). The symptoms of TIA were detected during
the procedure when they occurred because the patients were not
sedated. The procedures were terminated when a TIA occurred
and the patients recovered from the symptoms afterwards.
There was no evidence of cerebral infarction on follow-up
imaging.

At the time of analysis in February 2012, these 89 patients had
been followed for a mean of 38.9±22.7 months (median 40.8,
range 0.2–72, 3463 patient-months) after stenting. Six patients
died of unrelated causes from the first to the fifth year. Events of
stroke or death are presented in table 2. During the first year of
follow-up three patients had a minor contralateral ischemic
stroke (mRS 2), during the fourth year one patient had a minor
ipsilateral ischemic stroke (mRS 3) and during the fifth year one
patient had a minor ipsilateral ischemic stroke (mRS 3). The
probability of recurrent ipsilateral ischemic stroke following
angioplasty and stenting was 3.1% (3/95) within 30 days and 0
from 30 days to 1 year. The cumulative probability of all stroke at
1 year (including periprocedural stroke within 30 days) was 9.5%
(9/95). Throughout the follow-up period of 3463 patient-months
the risk of recurrent ipsilateral ischemic stroke following treat-
ment with stenting was 0.7% per patient per year (2/
3463 patient-months).

Outcome of medical control group
In 45 patients with stenosis ≥70% who were treated with
medical therapy, four (8.9%) developed ipsilateral ischemic
stroke within 30 days and eight (17.8%) developed ipsilateral
ischemic stroke within the first year. The cumulative probability

Table 1 Technical problems encountered during procedure and causes of procedure failure

Patient
sequence

Stenosis
location

Stenosis
degree Technical problem encountered during the procedure Cause of procedure failure

4 ICA and MCA 50% Difficult stent tracking and delivery, fracture core of stent delivery
system

5 ICA 60% Nose cone bending caused stent sheath kinking and stretching
during stent deployment

7 ICA 60% Stretching of stent sheath during stent deployment
8 BA 75% Arterial rupture after angioplasty
15 ICA and MCA 50% TIA during manipulation of balloon catheter across stenosis TIA
27 ICA 90% Nose cone trapped between guidewire and stent tip after stent

deployment
42 ICA 75% Difficult stent tracking and delivery, fracture core of stent delivery

system, TIA
TIA

44 MCA 83% TIA
47 ICA and MCA 96% Failure passage of balloon across stenosis Failure passage of balloon
48 MCA 90% Kinking of balloon catheter after guidewire removal
56 MCA 70% Transient blindness and severe headache during stent system

advancement
59 MCA 87% Transient blindness during stent system advancement TIA
66 ICA 75% Perforation of M2 perforators by guidewire

during angioplasty

BA, basilar artery; ICA, internal carotid artery; MCA, middle cerebral artery; TIA, transient ischemic attack.
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of recurrent ipsilateral stroke at 1 year was 17.8%. After a mean
follow-up of 42.2 months or 1881 patient-months, the risk of
recurrent ipsilateral ischemic stroke following medical therapy
was 5.1% per patient per year (6/1881 patient-months).

Learning curve analysis
The chronological sequence of occurrence of periprocedural
complications, technical failures of the procedure and technical
problems during the procedure are shown in figure 1. The
results of data splitting analysis are shown in table 3. Variables
including patient age, degree of stenosis, location of stenosis
and event-to-stenting interval were not significantly different
across the four quarters except for those highlighted. The rates
of procedural problems, technical failures and guidewire- or
angioplasty-related hemorrhage were not significantly different
in the first three quarters but fell to zero in the fourth quarter,
indicating a trend change towards technical maturation and the
absence of guidewire- or angioplasty-related mistakes in the
fourth quarter. Although the trend change in the technical
failure rate and guidewire/angioplasty-related hemorrhagic

complication rate in the fourth quarter was not statistically sig-
nificant, this could be because the rates were too low to show a
difference.

DISCUSSION
The clinical value of angioplasty and stenting in the prevention
of recurrent stroke in patients with intracranial atherosclerotic
stenosis has been called into question since the publication of
the results of the SAMMPRIS trial. The safety of stenting, as
revealed by the high periprocedural rates of stroke and death in
the SAMMPRIS trial, has been a key concern. Because further
evidence from another large-scale study is unlikely to be avail-
able in the near future, scepticism about the safety of stenting
with the Wingspan device is likely to last for a while. Given
such a background, it is important to examine the evidence
obtained so far before we abandon stenting for safety reasons.

For a procedure involving multiple passages of guidewires and
instruments through a highly stenotic atherosclerotic lesion in an
environment of tortuous vascular course and friable perforators,
the requirement of a learning curve to achieve technical maturity

Figure 1 Occurrence of study endpoints in chronological sequence.

Table 2 Stroke or death after 30 days in patients with Wingspan successfully placed

Incidence (%) of events occurring during the period of assessment

Event 30 days to 1 year 2nd year 3rd year 4th year 5th year

No of patients evaluated 75 63 49 37 17
Major hemorrhagic stroke in
related territory (mRS>3)

0 0 0 0 0

Major ischemic stroke in
related territory (mRS>3)

0 0 0 0 0

Minor hemorrhagic stroke in
related territory (mRS≤3)

0 0 0 0 0

Minor ischemic stroke in
related territory (mRS≤3)

0 0 0 1 1

Minor ischemic stroke in
unrelated territory (mRS≤3)

3 0 0 0 0

Stroke-related death 0 0 0 0 0
Unrelated death 1

Ruptured intracranial
aneurysm in non-target
territory

1
Carcinoma of stomach
and aspiration pneumonia

2
Bronchogenic
carcinoma, heart failure

1
Carcinoma of
pancreas

1
Acute gastrointestinal bleeding
while on aspirin alone

mRS, modified Rankin Scale.
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and avoid guidewire/angioplasty-related complications is not an
unreasonable speculation. The importance of a learning curve
factor in intracranial stenting has been highlighted in a study
which showed that stenting performed at low enrollment sites
(<10 patients) was associated with a higher risk of stroke or death
within 30 days than those at a high enrollment site.12 In a study to
investigate the relationship between physician and site experience
and the risk of 30-day hemorrhagic strokes in the SAMMPRIS
trial, it was found that high enrolling sites (≥12 patients) tended to
have lower rates of hemorrhagic stroke than low enrolling sites
(<12 patients) (2.7% vs 9.8%, p=0.043).13 However, the authors
of the study also pointed out that interventionists with higher
numbers (>10) of Wingspan cases submitted for credentialing
tended to have higher rates of periprocedural hemorrhagic or
ischemic complications than those with <10 cases (19.0% vs
9.9%, p=0.11), although the difference was not statistically signifi-
cant. Based on this finding, they concluded that interventionists
credentialed with less Wingspan experience were not responsible
for the high rate of periprocedural stroke in the SAMMPRIS trial.
The statement that ‘interventionists with higher numbers of
Wingspan cases submitted for credentialing tended to have higher
rates of periprocedural complications than those with lower
number of cases’ actually implied that more experienced interven-
tionists tended to have more periprocedural complications. While
such an implication could be misleading, it contradicted the earlier
finding that high enrolling sites tended to have lower rates of hem-
orrhagic stroke. Such controversy indicates that the reliability of
the use of the credentialing criteria of 10 cases of Wingspan use in
assessing the experience of the interventionists is questionable. In
fact, the credentialing criteria are themselves arbitrary and have
not been validated. The use of 10 cases as the criterion for asses-
sing the adequacy of experience with the Wingspan procedure
could have been a gross underestimation. A low periprocedural
complication rate of 5% had been achieved in a prospective study
of 100 consecutive cases.14 This low complication rate was based
on the experience of two experienced operators in a high enroll-
ment center who had previous experience of at least 181 proce-
dures of intracranial stenting.15 Despite such a high level of
previous experience, guidewire- or angioplasty-related

complications still occurred in two out of five cases of periproce-
dural complications in their Wingspan study, indicating that the
Wingspan procedure is a technically risky procedure and demands
a learning process.

The periprocedural complications in the SAMMPRIS trial
were mainly due to ischemic stroke (63.3%, 19/30), which was
largely due to perforator stroke (63.1%, 12/19) and others such
as embolic, mixed perforator/embolic and stent occlusion. The
other periprocedural complications were due to hemorrhagic
stroke, which was either subarachnoid (45.5%, 5/11) or intracer-
ebral (54.5%, 6/11). Five of the six cases of intracerebral hemor-
rhage (83.3%) presented ≥4 h after stenting. All cases of fatal
hemorrhage were due to intracerebral hemorrhage. The inci-
dence of guidewire- or angioplasty-related hemorrhage was not
specified.16 The pattern of etiology of periprocedural complica-
tions in our study was different from that seen in the
SAMMPRIS trial. Periprocedural hemorrhagic complications in
our study were largely due to guidewire- or angioplasty-induced
hemorrhagic complications (75%, 3/4); delayed intracerebral
hemorrhage presenting ≥4 h after the procedure did not occur.
Perforator stroke did not occur in any of our 51 cases of stenosis
at the MCA and the 10 cases at the basilar artery. It was found
in our previous study that stenting with the Wingspan device in
the MCA did not pose an increased risk of new perforator
infarcts on MRI.17

A comparison of the periprocedural complications in the
current study and those in the SAMMPRIS trial shows a differ-
ence in the nature of at least some of the periprocedural compli-
cations between the two studies which could possibly be due to
differences in the treatment protocol. Understanding the cause
of the specific complications may help to identify solutions to
prevent them from occurring. Guidewire- or angioplasty-related
hemorrhage due to technical mistakes was the single most
important cause of periprocedural major stroke or death (75%,
3/4) in our study; the incidence of this complication could be
reduced by not repeating the same mistakes through learning.
The results of learning curve analysis showed a trend change
towards no cases of angioplasty-related hemorrhage in the
fourth quarter, indicating a favorable outcome of the learning

Table 3 Leaning curve analysis using data splitting method

Variables 1st quarter 2nd quarter 3rd quarter 4th quarter Trend difference across quarters

Patient sequence (patient no) 1–24 (24) 25–48 (24) 49–72 (24) 73–95 (23)
Age (mean±SD) 67.46±10.484 62.75±11.433 62.13±10.999 66.57±9.336 No difference across quartersp>0.085
95% CI 63.03 to 71.89 57.92 to 67.58 57.48 to 66.77 62.53 to 70.6
Degree of stenosis (mean±SD) 69.96±12.539 77.82±8.368 76.39±9.942 77.91±8.286 Difference between 1st and 2nd quarter, p=0.033.

No difference across other quarters95% CI 64.53 to 75.38 74.29 to 81.35 72.19 to 80.59 74.24 to 81.58
Location
MCA 10 16 15 10 Difference between 1st and 2nd quarter in

frequency of location at VBA, p=0.023. No
difference across other quarters

ICA 6 7 5 8
VBA 8 1 4 5

Event to stenting <30 days (rate) 10 (41.7%) 15 (62.5%) 14 (58.3%) 18 (78.3%) Difference between 1st and 4th quarter, p=0.011.
Difference between 4th quarter and the rest,
p=0.05

Procedural problem (rate) 4 (16.7%) 5 (20.8%) 2 (8.3%) 0 Difference between 4th quarter and the rest,
p=0.046

Technical failure (rate) 2 (8.3%) 2 (8.3%) 2 (8.3%) 0 No difference across quarters,p>0.33
Guidewire- or angioplasty-related
hemorrhagic complication <30 days
(rate)

1 (4.2%) 1 (4.2%) 1 (4.2%) 0 No difference across quarters,p=1

ICA, internal carotid artery; MCA, middle cerebral artery; VBA, vertebrobasilar artery.
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process. Although it is possible that an angioplasty-related hem-
orrhage may occur later than the fourth quarter, there was still a
trend change towards a lower incidence of this complication.
Periprocedural minor stroke essentially consists of ischemic
stroke (4/5, 80%) or minor ipsilateral hemorrhage (1/5, 20%);
these events are probably intrinsic to the procedure itself due to
microembolism or hyperperfusion, respectively, and are unre-
lated to technical maturity so probably could not be avoided. It
was therefore not surprising to note that periprocedural minor
strokes occurred in the later part of the series (68th to 75th
patients). Our practice of using a moderate intraprocedural dose
of intravenous heparin (2500 IU) to maintain an activated clot-
ting time of 180–250 s, avoiding the use of a multiple loading
dose of preprocedural clopidogrel and use of a low dose of
aspirin might possibly help to reduce the risk of periprocedural
intracerebral hemorrhage. Such a medication regimen did not
result in a higher risk of periprocedural ischemic stroke in our
study. However, whether limiting the dose of antiplatelet medi-
cation is related to a reduced risk of periprocedural intracerebral
hemorrhage or an increased risk of ischemic stroke would
require further study, perhaps involving the use of point-of-care
assessment of platelet function inhibition.18 Ipsilateral ischemic
stroke occurred in three of the nine cases of periprocedural
stroke (33.3%), a rate substantially lower than that in the
SAMMPRIS study (69.7%, 23/33). Our practice of performing
the procedure without general anesthesia or sedation allowed
patients to remain fully conscious and enabled us to stop the
procedure early on detection of ischemic symptoms during
the procedure. Although such practice led to technical failure of
the procedure in four patients in our study, it might help to
prevent the development of ischemic infarction and reduce the
incidence of ipsilateral ischemic stroke. On the other hand, the
advantage of general anesthesia in terms of patient immobility is
obvious. Although patient motion was not a concern in our
study, it can lead to increased complexity of the case and there-
fore potentially more complications such as perforation and dis-
section. The reason for the absence of periprocedural perforator
stroke in our study is not known, but it is not unreasonable to
speculate that a short inflation time during angioplasty could be
a contributory factor, although further studies are required to
confirm this.

To evaluate the degree of protection offered by stenting in
preventing the occurrence of ipsilateral ischemic stroke, we
compared the outcome of our patients with those treated with
medical therapy in the same period as a control. In our control
group the risk of ipsilateral ischemic stroke was 8.9% within
30 days and 17.8% within 1 year, which was comparable to the
historical control subgroup of 206 patients in the Warfarin–
Aspirin Symptomatic Intracranial Disease (WASID) trial with
≥70% intracranial stenosis treated with warfarin or aspirin in
which the cumulative probability of ipsilateral ischemic stroke
was 18% (95% CI 13% to 24%) at 1 year.19 In the medically
treated patients in the SAMMPRIS trial who received continu-
ous daily aspirin in a dose of 325 mg, daily clopidogrel in a
dose of 75 mg for 90 days and medication for risk factors, the
risk of ipsilateral ischemic stroke was 4.4% within 30 days and
10.1% within 1 year, lower than those in our control group and
that in the WASID subgroup. The risk of recurrent ipsilateral
ischemic stroke after stenting in our study was 3.1% within
30 days and 3.1% within 1 year, and tended to be lower than
that in our control group and in the medically treated groups in
the other two studies. After 1 year the risk of recurrent ipsilat-
eral ischemic stroke following stenting also tended to be lower
than following medical therapy in our study (0.7% vs 5.1% per

patient per year). These results indicate that stenting might be
valuable in preventing the occurrence of recurrent ipsilateral
ischemic stroke. However, a randomized controlled trial, prefer-
ably with modified treatment protocols catering for a reduction
in periprocedural complications and involvement of an experi-
enced interventionist, is needed to confirm this.

We enrolled patients with an event-to-stenting time of
>30 days in 37 patients (38.9%), which was different from the
enrollment policy of the SAMMPRIS trial. Enrollment of this
group might decrease the risk of periprocedural intracerebral
hemorrhage due to post-stenting reperfusion of recently
infarcted brain. The fact that this was a single-center study also
limited its generalizability since a single center could have a
learning curve that is better or worse than another.

In conclusion, there may be a learning curve for mastering
Wingspan stenting for intracranial atherosclerosis. Understanding
the cause of periprocedural complications may help to identify
solutions to prevent them from occurring, and limiting the provi-
sion of this treatment to those centers with a high case load may
be a reasonable consideration for periprocedural safety.
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