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Endovascular Therapy of Symptomatic
Intracranial Stenosis in Patients With Impaired
Regional Cerebral Blood Flow or Failure of
Medical Therapy
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U. Becker
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A. Mueller
N.U. Weir

B. Wiedemann
R. von Kummer

BACKGROUND AND PURPOSE: Symptomatic intracranial stenoses have a high risk for a recurrent
stroke if treated medically. Although angioplasty and stent placement are proposed treatment options,
data on longer-term outcome are limited.

MATERIALS AND METHODS: We analyzed all endovascular procedures on symptomatic intracranial
stenosis at our institution from January 1998 to December 2005. We retrospectively assigned patients
to group A (symptoms despite antithrombotic therapy) or group B (impaired regional cerebral blood
flow [rCBF]). Primary outcome events were periprocedural major complications or recurrent ischemic
strokes in the territory of the treated artery. We used the Kaplan-Meier method to calculate survival
probabilities.

RESULTS: The procedural technical success rate was 92% (35/38) with periprocedural major compli-
cations in 4 cases (10.5%; group A [8.3%, 2/24], group B [14.3%, 2/14]). Median (range) follow-up for
the 33 patients with technically successful procedures was 21 (0–72) months. Recurrent ischemic
strokes occurred in 15% (3/20) of patients in group A and 0% (0/13) of patients in group B. Overall,
there were 21% (7/33) primary outcome events (group A [25%, 5/20], group B [15%, 2/13]). There was
a nonsignificant trend for better longer-term survival free of a major complication or recurrent stroke
in patients with impaired rCBF compared with patients who were refractory to medical therapy
treatment (Kaplan-Meier estimate 0.85 [SE 0.10] vs 0.72 [SE 0.11] at 2 years, respectively).

CONCLUSION: Interventional treatment of symptomatic intracranial stenosis carries significant risk for
complications and recurrent stroke in high-risk patients. The observation that patients with impaired
rCBF may have greater longer-term benefit than medically refractory deserves further study.

Atherosclerotic stenosis of the major intracranial arteries
accounts for 8%–10% of all ischemic strokes1,2 and, after

a symptomatic event, the annual risk of recurrence is high
(estimates, 8%–11%).3-5 However, the optimum strategy for
secondary prevention in this situation remains uncertain. In
particular, the Warfarin-Aspirin Symptomatic Intracranial
Disease (WASID) study failed to show a benefit of warfarin
compared with aspirin in the prevention of recurrent ischemic
events.4

Interventional procedures such as percutaneous translu-
minal angioplasty (PTA) and stent placement have been pro-
posed as potentially more effective methods of secondary pre-
vention. Two groups of patients are frequently considered as
potential target groups for endovascular therapy. First, pa-
tients who have recurrent ischemic events despite standard
medical therapy and second (and more recently), patients
with clinically apparent impaired regional cerebral blood flow
(rCBF) secondary to the stenoses.6-9 Both groups are consid-
ered to be at especially high risk for stroke, which justifies the
use of a potentially risky procedure. However, the acute risks

and long-term outcome of such endovascular therapies in
both subgroups are still poorly described.

The purpose of this study, therefore, was to report our ex-
perience with angioplasty and stent placement for symptom-
atic intracranial atherosclerotic stenoses in patients who have
either failed medical therapy or who have impaired rCBF sec-
ondary to intracranial stenoses.

Patients and Techniques

Patients
We retrospectively reviewed the medical records of consecutive pa-

tients who underwent angioplasty or stent placement (angioplasty

with stent placement or primary stent placement) of intracranial ste-

noses between January 1998 and December 2005 at our institution.

We identified patients by using a data base maintained by the Depart-

ment of Neuroradiology and analyzed only those with symptomatic

intracranial atherosclerotic stenoses. Patients with nonatheroscle-

rotic, extracranial, or asymptomatic stenoses were excluded. Endo-

vascular revascularization was offered if the treating physicians (neu-

roradiologist and neurologist) concluded that a given patient was at

high risk for an imminent ischemic stroke. We retrospectively as-

signed patients to 1 of 2 groups:

● Group A: Patients with failure of medical therapy defined as a tran-

sient ischemic attack (TIA) or ischemic stroke attributable to the

index intracranial stenosis despite treatment with antithrombotic

medications or the persistence of severe stenosis after thrombolytic

treatment for acute ischemic stroke;

● Group B: Patients with symptomatic intracranial stenosis associ-
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ated with impaired rCBF as defined by 1) time-to-peak (TTP) delay

on MR perfusion imaging (MRP), 2) abolished cerebrovascular

reserve capacity (CVR) on transcranial Doppler (TCD) breath-

hold testing, 3) borderzone infarction, or 4) blood pressure-depen-

dent fluctuation of neurologic symptoms. Patients in this group

were not receiving antithrombotic treatment at the time of their

first symptomatic event (Fig 1).

In each case, we assessed the National Institutes of Health Stroke Scale

(NIHSS) score within 2 hours before and after each procedure. MR

imaging including MR angiography (MRA), diffusion-weighted

(DWI) and perfusion imaging (MRP), and complete sonographic ex-

amination was performed 24 hours or less before and after the proce-

dure in most patients. CT was performed if MR imaging was not

feasible (before procedure [n � 6] or after procedure [n � 7]). Pre-

procedural CVR with TCD breath-hold testing was determined in 9

patients with the use of previously described criteria.10

Procedure
All procedures were performed by 1 of 3 experienced interventional

neuroradiologists (D.M., A.M., R.v.K.) with the patients under local

anesthesia or, in patients with decreased levels of consciousness or

agitation, general anesthesia. Before the procedure, the patients re-

ceived various combinations of antiplatelet agents or anticoagulation,

or both. During the procedure, intravenous heparin (bolus 3000 –

5000 IE) was given to all patients to maintain systemic anticoagula-

tion with a target activated clotting time of 250 to 300 seconds. The

decision to use additional agents (intravenous [IV] abciximab; intra-

arterial [IA] urokinase) was made on a case-by-case basis by the treat-

ing physicians.

A 6F introducer sheath was placed into the femoral artery with the use

of percutaneous access and a 6F Envoy guiding catheter (Cordis, Miami

Lakes, Fla) advanced to the distal cervical internal carotid (ICA) or ver-

tebral artery (VA). A selected balloon catheter or stent delivery device was

advanced over a Transcend-14 guidewire (Boston Scientific, Natick,

Mass) and navigated to the site of the stenosis. The decision to perform

angioplasty, angioplasty with stent placement, or primary stent place-

ment and the selection of devices was left to the discretion of the treating

interventionalist. In general, primary stent placement was attempted if

considered feasible on the basis of assessment of tortuosity of the proxi-

mal vessel and morphology of the lesion from the beginning of this series

until May 2005, when a report suggested beneficial long-term clinical

outcome after angioplasty.11,12 Since then, we aimed for angioplasty and

performed subsequent stent placement only if the stenosis was felt to have

not improved after angioplasty or if a dissection after angioplasty was felt

to require treatment.

Balloons (FasStealth, Maverick; Boston Scientific) and balloon-

expandable stents (INX, Cerebrence; Medtronic AVE, Santa Rosa,

Calif; TAXUS, Liberté; Boston Scientific) were selected to provide

submaximum inflation to avoid dissection or rupture of the vessel.

We did not use self-expanding stents in this study. Repeated proce-

dures were performed at the discretion of the interventionalist. After

stent-assisted angioplasties, the combination of aspirin and clopi-

dogrel was given for at least 4 weeks. After PTA alone, antithrombotic

agents were given at the discretion of the treating physician.

Fig 1. Characteristics of groups A and B.
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Follow-Up
We followed our patients at regular visits (1, 3, 6, and 12 months, then

yearly) to our neurovascular laboratory (Department of Neurology).

Each visit included a clinical and sonographic examination of the

target vessel. Elective MRA was performed in 1 patient with insuffi-

cient transtemporal sonographic approach 3 months after the proce-

dure. We performed repeat angiograms only if clinical or sonographic

data suggested restenosis. If a follow-up visit was not feasible, we

evaluated the patient’s recent clinical status by telephone interview (n

� 9).

Outcome Measures
We measured a number of outcomes:

1. Technical success: For analysis of clinical outcomes in patients

with technically successful procedures, we defined technical suc-

cess as completion of angioplasty, angioplasty with stent place-

ment, or primary stent placement with even a slight decrease in the

degree of stenosis. In addition, we categorized percentages of re-

sidual stenosis into less than 50%, 50% to 69%, and 70% or more

according to a recent report by Marks.12 We estimated the degree

of stenosis by comparing the diameter of the vessel at the site of the

stenosis (D stenosis) with the normal diameter of the vessel just

distal to the stenosis (D distal) using the formula: % stenosis �

[1 � (D stenosis/D distal)] x 100% according to the criteria of the

North American Symptomatic Carotid Endarterectomy Trial

(NASCET).13 When severe preocclusive stenosis made it too diffi-

cult to perform an accurate measurement, we reported the steno-

ses as 99%.

2. Improvement of perfusion parameters: visual decrease in the ex-

tent of contrast inflow delay on TTP maps on MRP as stated in the

expert report given the same technique and parameters were used

before and after the intervention, normalization of CVR on TCD

breath-hold testing, or clinical stabilization in patients with clini-

cal hemodynamic characteristics;

3. Major complications: any stroke resulting in deterioration of the

NIHSS score of 3 points or more or death within 30 days after the

procedure;

4. Minor complications: any stroke resulting in deterioration of the

NIHSS score of 2 points or less within 30 days after the procedure;

5. Asymptomatic complications: procedure-related vessel dissection

or asymptomatic hemorrhagic infarct transformation without

change in NIHSS score;

6. Recurrent stroke and TIA: acute onset of new focal neurologic

symptoms attributable to the index intracranial stenosis lasting

greater (stroke) or less (TIA) than 24 hours and occurring more

than 30 days after a successful procedure;

7. Restenosis: peak systolic Doppler-flow velocity greater than or

equal to pretreatment velocity, repeat angiography with degree of

stenosis greater than or equal to pretreatment degree, severe ste-

nosis on repeat MRA, or target vessel occlusion proved on angio-

gram (DSA, CTA, MRA).

All patients with recurrent clinical events received repeat CT or MR

imaging. Major periprocedural and recurrent strokes were subclassi-

fied as fatal if deemed to have caused the death of the patient at any

stage after the stroke, disabling if the patient had a modified Rankin

scale (mRS) score of more than 2, and nondisabling if the patient had

an mRS score of 2 or less at 3 months.

Our primary outcome measure was survival without a major com-

plication or recurrent ischemic stroke in patients who had a techni-

cally successful procedure. We chose this compound outcome to es-

timate the efficacy of completed intracranial angioplasty or stent

placement.

Data Analysis
We used the unpaired t test for comparison of means, the Mann-

Whitney U test for comparison of medians, the Fisher exact test for

comparison of proportions, and Kaplan-Meier curves to calculate

survival free of a primary outcome event. When patients experienced

more than 1 primary outcome event, we based the survival analysis on

the outcome event that occurred first. We compared survival curves

using the logrank test. For all analyses, we took P � .05 as statistically

significant. We used the SPSS statistical package (version 12.0) for

these analyses (SPSS, Chicago, Ill).

Results

Patients
For 96 months, 39 patients underwent 41 interventional pro-
cedures. Three patients were excluded because their stenoses
were asymptomatic (n � 2) or nonatherosclerotic (n � 1).
One additional patient underwent 2 repeat procedures for
symptomatic restenosis of the originally treated lesion. This
report, therefore, relates to 38 procedures in 36 patients (28
men, mean � standard deviation (SD) age 58 � 12 years). All
patients had 50% or more intracranial stenoses by NASCET
criteria. Median interval from the qualifying event to the pro-
cedure was 9.5 days (range, 0 –201 days). We performed 8
(21%) procedures acutely with equal percentages in groups A
and B in patients who presented with fluctuation of clinical
symptoms (n � 2), progressive stroke (n � 5), or recurrent
ischemic stroke directly before the procedure (n � 1). Baseline
characteristics are summarized in detail in Table 1.

The indication to perform interventional therapy was
medical failure for 22 (group A) and impaired rCBF for 14
patients (group B). Thirteen patients in group A also had cri-
teria indicating impaired rCBF. Compared with group A, the
patients in group B tended to be younger, to have stenosis in
the anterior rather than posterior circulation, to have an isch-
emic stroke rather than a TIA as the qualifying event, to be
treated with greater delay, and to have concomitant coronary
artery disease (Table 1).

Procedures and Immediate Results
Three procedures for stenoses in the posterior circulation (2 in
group A, 1 in group B) were technically unsuccessful because
of tortuosity of the proximal vessel (Table 2). None of these
procedures caused major or minor complications. Angio-
plasty alone (n � 12), angioplasty with stent placement (n �
3), or primary stent placement (n � 20) could be performed in
92% (35/38). Percentages of angioplasty and stent placement
(angioplasty with stent placement or primary stent place-
ment) were similarly distributed between groups A and B (Ta-
ble 2). Characteristics of the procedure for each patient are
summarized in Table 3.

Abciximab was given at varying dosages in 12 procedures
(7/24 in group A, 5/14 in group B). The indication was to
prevent periprocedural formation of a thrombus in patients
with a severely irregular vascular surface at the site of the ste-
nosis in 11 cases. In 1 procedure (patient 27), IV abciximab
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was given as part of an institutional protocol in combination
with IA alteplase (6 mg) for basilar artery thrombosis. We
performed subsequent primary stent placement for persistent
severe basilar artery stenoses. One patient (patient 11) with
periprocedural embolic angular gyrus artery occlusion was
treated successfully with IA thrombolysis (0.5 MIU urokinase;
bolus 0.1 MIU, infusion 0.4 MIU for 1 hour). The patient did
not have a persistent neurologic deficit.

Overall, the completed procedures resulted in an immedi-
ate reduction in the degree of stenosis (mean � SD) from 80%
� 14% to 24% � 26% without major differences between
groups A and B. Residual stenosis was less than 50% in 24
(69%) procedures, 50% to 69% in 10 (29%) procedures, and
70% or more in 1 (3%) procedure.

Technically successful procedures in patients in group B or
group A with additional signs of impaired rCBF resulted in
improvement or normalization of perfusion parameters in
91% (20/22) with available postprocedural assessment (im-
provement [n � 6], normalization [n � 5] or conversion to
hyperperfusion [n � 2] of previous TTP delay on MRP, nor-
malization of CVR on TCD breath-hold testing [n � 4], and
clinical stabilization in patients with clinical hemodynamic
characteristics [n � 3]).

Complications
Major complications occurred during 4 (10.5%) of 38 proce-
dures (Table 2). Two patients suffered a reperfusion injury
with symptomatic intracranial hemorrhage (ICH) occurring
60 and 90 minutes after successful procedures. One was fatal in
a patient (patient 8) who received periprocedural abciximab.
The other patient (patient 28) was functionally independent at
3 months. Two patients had periprocedural ischemic strokes
in the territory of the treated artery, 1 of which was fatal at 5
weeks in patient 21. The other patient (patient 29) suffered
in-stent thrombosis 3 days after stent placement provoked by
unintentional discontinuance of clopidogrel. He remained
functionally dependent at 3 months.

The major complication rate tended to be higher in pa-
tients in group B compared with those in group A (2/14
[14.3%] vs 2/24 [8.3%], respectively), stent placement com-
pared with angioplasty (4/23 [17.4%] vs 0/12 [0.0%], respec-
tively), and stenoses in the anterior compared with the poste-
rior circulation (4/24 [16.7%] vs 0/14 [0.0%], respectively).
None of these differences were statistically significant. There
was no difference in the major complication rate for proce-
dures performed earlier or later than the median delay since
the qualifying event (9.5 days; both 10.5%).

Table 1: Baseline characteristics

Variable

All
(n � 38 Procedures

in 36 Patients)

Group A
(n � 24 Procedures

in 22 Patients)

Group B
(n � 14 Procedures

in 14 Patients)

P Value
(Group A vs

Group B)
Age (mean � SD) 58 � 12 60 � 12 55 � 12 .26
Men, n (%) 28/36 (78) 16/22 (73) 12/14 (86) .44
Known risk factors, n (%)

Arterial HTN 34/36 (94) 22/22 (100) 12/14 (86) .14
Hypercholesterolemia 25/36 (69) 16/22 (73) 9/14 (64) .72
Diabetes 14/36 (39) 8/22 (36) 6/14 (43) .74
Coronary artery disease 8/36 (22) 8/22 (36) 0/14 (0) .01
Smoking (any time) 6/36 (17) 2/22 (9) 4/14 (29) .18
Peripheral vascular disease 3/36 (8) 3/22 (14) 0/14 (0) .27

Degree of stenosis ( mean � SD) 80 � 14 82 � 14 77 � 13 .37
Location of stenosis, n (%) .175

Anterior circulation 24/38 (63) 13/24 (54) 11/14 (79)
Posterior circulation 14/38 (37) 11/24 (46) 3/14 (21)

Qualifying event, n (%) .50
TIA 14/38 10/24 (42) 4/14 (29)
Ischemic stroke 24/38 14/24 (58) 10/14 (71)

Time since event (days), median (range) 9.5 (0–201) 9 (0–117) 24 (0–201) .19
Acute intervention, n (%) 8/38 (21) 5/24 (21) 3/14 (21) 1.00

Note:—SD indicates standard deviation; HTN, hypertension; TIA, transient ischemic attack.

Table 2: Procedural outcomes

All Patients
(n � 38 Procedures)

Group A Patients
(n � 24 Procedures)

Group B Patients
(n � 14 Procedures)

P Value
(Group A vs

Group B)
Type of intervention, n (%) .88

PTA 12/38 (32) 7/24 (29) 5/14 (36)
Stent 23/38 (60) 15/24 (63) 8/14 (57)
Not successful 3/38 (8) 2/24 (8) 1/14 (7)

Degree of stenosis (mean � SD)
Before procedure 80 � 14 82 � 14 77 � 13 .37
After procedure 24 � 26 21 � 25 30 � 27 .33

Major complication, n (%) 4/38 (10.5) 2/24 (8.3) 2/14 (14.3) .62
Restenosis, n (%) 10/29 (35) 6/17 (35) 4/12 (33) 1.00

Note:—PTA indicates percutaneous transluminal angioplasty; SD, standard deviation.
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Minor complications occurred in 4 (10.5%) of 38 proce-
dures, all of them minor embolic strokes and none with per-
manent neurologic sequelae (temporary expressive aphasia,
hypesthesia of the right foot, memory deficits, vertigo, and
diplopia). Asymptomatic complications occurred in 6 of 38
procedures (proximal vessel dissections [n � 4] treated with
an extracranial carotid stent in 1 patient, asymptomatic DWI
lesions on postinterventional MR imaging [n � 2], and
asymptomatic hemorrhagic infarct transformation [n � 1]).

Recurrent Stroke and TIA
We assessed recurrent events in the 33 patients (20 in group A,
13 in group B) who had technically successful procedures.
Median follow-up was 21 months (range, 0 –72 months) for
the entire cohort, 16 months (range, 0 – 49 months) for pa-
tients in group A, and 30 months (range, 0 –72 months) for
patients in group B (Table 4). Overall, 3 patients had recurrent
ischemic strokes, all in group A. One stroke was disabling in a
patient (patient 9) with restenosis of the extracranial ICA after
combined primary stent placement of tandem extracranial
and intracranial stenosis of the ICA. Two recurrent strokes
were nondisabling. The cause was restenosis of the MCA 7
months after angioplasty in 1 patient (patient 5) and in-stent
thrombosis 2.5 months after stent-assisted angioplasty with a
drug-eluting stent in another patient (patient 19). In the latter,
clopidogrel had been discontinued for a kidney biopsy. Recur-
rent TIAs occurred in 1 patient (patient 3) in group A with
basilar artery restenosis 36 months after angioplasty. There
were no recurrent events in the patients from group B.

Primary Outcome Measure
A primary clinical outcome event occurred in 7 (21.2%) of 33
patients with technically successful procedures (4 major com-
plications, 3 recurrent ischemic strokes). The Kaplan-Meier
estimate for survival without a primary outcome event at 2
years was 0.77 (standard error [SE] 0.08; Fig 2A).

Primary outcome events occurred in 5 (25%) of 20 patients
of group A (2 major complications, 3 recurrent strokes) and 2
(15%) of 13 patients of group B (2 major complications).
Kaplan-Meier estimates for survival without a major compli-
cation or recurrent stroke at 2 years were 0.72 (SE, 0.11) for
patients in group A and 0.85 (SE, 0.10) for patients in group B
(logrank test, P � .51; Fig 2B).

If stratified by procedures, primary outcome events oc-
curred in 1 (9%) of 11 patients treated with angioplasty (1
recurrent stroke) compared with 6 (27%) of 22 patients

treated with stent placement (4 major complications, 2 recur-
rent strokes). Kaplan-Meier estimates for survival without a pri-
mary outcome event at 2 years were 0.90 (SE, 0.09) for patients
treated with angioplasty compared with 0.72 (SE, 0.10) for those
treated with stent placement (logrank test, P � .26).

Restenosis
Data on restenosis refer to 29 procedures in which follow-up
data were available. Median follow-up was 12 months (range,

Fig 2. Kaplan-Meier curves for probability of survival without a major complication or
recurrent stroke (FU indicates follow-up). 2A, All patients with a successful intervention.
2B, Patients with failure of medical treatment (dashed line) or impaired rCBF (solid line;
logrank test, P � .51).

Table 4: Clinical outcome of patients with technically successful procedures

All Patients
(n � 33) Group A (n � 20) Group B (n � 13)

P Value
(Group A vs

Group B)
Follow-up (mos), median (range) 21 (0–72) 16 (0–49) 30 (0–72) .15
Recurrent ischemic stroke, n (%) 3 (9) 3 (15) 0 (0) .26
Recurrent TIA, n (%) 1 (3) 1 (5) 0 (0) 1.00
Primary outcome events (major complication or

recurrent ischemic stroke), n (%)
7 (21.2) 5 (25.0) 2 (15.4) .68

Survival without primary outcome event .51
Probability at 1 year (SE) 0.81 (0.07) 0.79 (0.10) 0.85 (0.10)
Probability at 2 years (SE) 0.77 (0.08) 0.72 (0.11) 0.85 (0.10)

Note:—TIA indicates transient ischemic attack; SE, standard error.
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0 – 88 months). The overall rate of restenosis was 35% (10/29)
with median time to restenosis of 7 months. Rates of restenosis
were 35% (6/17) for group A and 33% (4/12) for group B
(Table 2). If stratified by procedures, rates of restenosis were
40% (4/10) for angioplasty and 32% (6/19) for stent place-
ment. Overall, 5 (50%) of 10 restenoses were symptomatic.

Discussion
During 21 months of median follow-up after angioplasty or
stent placement for symptomatic intracranial atherosclerotic
stenosis, the overall rate of major complications or recurrent
ipsilateral ischemic stroke was 21.2% in our study. We ob-
served a nonsignificant trend toward better long-term survival
free of stroke in patients with impaired rCBF (group B) com-
pared with patients who were refractory to medical treatment
(group A). Two-year probabilities for survival without a major
complication or recurrent stroke were 0.85 (group B) versus
0.72 (group A), respectively. No patient with impaired rCBF
had a recurrent ischemic event after a successful intervention.

The overall rate of periprocedural complications or recur-
rent stroke seems high compared with an overall 2-year stroke
rate in the territory of the treated artery of 14% in the Wafarin-
Aspirin Symptomatic Intracranial Disease (WASID) popula-
tion.5 However, defining subgroups with a higher risk for re-
currence if treated medically is relevant when determining the
potential benefit of interventional treatment. Although often
(including our study) considered a target population for in-
terventional treatment, patients with antithrombotic therapy
at the time of the qualifying event did not have higher risk for
stroke recurrence in the WASID trial.5,14 In contrast, a more
severe stenosis indicated a higher annual risk for stroke (0.07
[50%–59% stenosis] to 0.31 [80%– 89% stenosis]), thus sug-
gesting that cerebral hypoperfusion is a contributing patho-
physiologic factor.15 In fact, patients with clinically significant
hemodynamic intracranial stenoses had a nearly 2-fold risk for
recurrence compared with patients without this finding in a
recent study (60.7% vs 31.7% at 23.4 months, respectively).16

We observed postprocedural improvement or normaliza-
tion of previous pathologic perfusion parameters in 91%. Pa-
tients who had not failed medical therapy but had stenoses
resulting in impaired rCBF did not have recurrent ipsilesional
ischemic events after a successful intervention. Thus, angio-
plasty and stent placement may have been an effective treat-
ment for this condition. In contrast, 3 recurrent ischemic
strokes and 1 recurrent TIA occurred in patients who had
failed medical therapy, which suggests that these patients may
have more severe atherosclerotic disease with potentially less
benefit from interventional treatment.17

Current data on longer-term outcome after intracranial
angioplasty and stent placement are inconclusive.18 Recent
studies report cumulative 2-year stroke rates of 8.2% (primary
stent placement) to 11.8% (angioplasty) compared with
21.2% in our study.12,19 However, these studies excluded pa-
tients who were treated acutely, and interventional treatment
was delayed up to 6 weeks after a symptomatic event. Because
time since the qualifying event independently predicted the
risk for stroke recurrence in the WASID trial with the highest
risk if enrolled within 17 days after a symptomatic event, in-
terventional treatment may particularly allow benefit if per-
formed early, as shown for extracranial carotid disease.5,20 We

performed 8 procedures acutely. Median delay was 9.5 days
compared with 30 days in the study by Jiang.19 One of the
patients treated acutely suffered a fatal reperfusion hemor-
rhage, thus paralleling reports on acute extracranial carotid
stent placement.21 However, procedures performed earlier or
later than the median delay had the same major complication
rate (10.5%).

The rate of periprocedural stroke and death was 4.5% to
6.6% in recent trials compared with 10.5% in our
study.12,19,22,23 Apart from timing, further issues need to be
addressed:

1. Reported rates of neurologic complications vary greatly be-
tween 0% and 28%.24,25 The overall rate of perioperative
stroke and death for intracranial angioplasty and stent
placement was 9.5% (95% CI, 7.0%–12.0%) in a recent
Cochrane systematic review.18 Predictors for increased
periprocedural risk have not been identified.

2. The patients in our study had criteria suggesting high risk
for stroke. A recent study with similar patient characteris-
tics (ie, failure of antithrombotic therapy plus evidence of
perfusion failure) reported a major complication rate of
50%.14 Hemorrhagic complications in this study were
partly attributed to the periprocedural application of ab-
ciximab in 5 patients, 4 of whom had a major hemorrhage
(3 ICH). We applied abciximab at varying dosages within
12 procedures and observed reperfusion trauma with fatal
ICH within 1. Because the association of abciximab with
ICH during neurointerventional procedures is reported,
choice of concomitant medication may be crucial.26

3. Intracranial stent placement might be more hazardous
than angioplasty, given recently reported complication
rates of 23.1% and 28.6%.27,28 In our study, 23 of 35 tech-
nically successful procedures involved stent placement (an-
gioplasty with stent placement or primary stent place-
ment). All major complications occurred within these
procedures. Newly designed self-expanding or balloon-ex-
pandable stents and increased level of training with high
numbers of procedures performed may result in lower rates
of complications.19,23,29 However, a benefit of intracranial
stent placement compared with angioplasty on long-term
clinical outcome has currently not been shown.

In our study, the clinical outcome tended to be better in pa-
tients who were treated with angioplasty compared with those
who were treated with stent placement. This finding predom-
inantly resulted from the higher complication rate with stent
placement and may have skewed our data on long-term out-
come. However, percentages of patients treated with stent
placement versus those treated with angioplasty (and also oc-
currence of in-stent thromboses from discontinuation of an-
tiplatelets) were nearly equally distributed within subgroups
of patients with impaired rCBF and failure of medical
treatment.

Our rate of restenosis of 35% is similar to 32.4% reported
in the Stenting of Symptomatic Atherosclerotic Lesions in the
Vertebral or Intracranial Arteries (SSYLVIA) trial.22 Also sim-
ilar to SSYLVIA, only 50% of restenoses were symptomatic,
thus challenging their clinical significance. Nonetheless, all
but 1 recurrent ischemic event was associated with restenoses.
It is important to note that 2 patients had in-stent thrombosis

AJNR Am J Neuroradiol 29:273– 80 � Feb 2008 � www.ajnr.org 279



after discontinuation of antiplatelet treatment, 1 occurring 2.5
months after primary stent placement with a drug-eluting
stent. This finding underlines the need for dual antiplatelet
therapy in the acute phase and for at least 12 months with
drug-eluting stents as recommended in cardiology. Given car-
diologists’ uncertainty, these stents should probably not be
used for intracranial stent placement.30

Our study was hypothesis generating. The design of the
study was retrospective, and treatment decisions were not
based on a standardized protocol. Given small numbers, we
reported trends rather than statistically significant findings.
Both regional impairment of cerebral blood flow and failure of
medical therapy were retrospectively defined by various crite-
ria. In particular, visual assessment of TTP delay on MRP may
have limited clinical significance and reproducibility. How-
ever, visual assessment of PWI sequences with TTP maps
showed excellent interobserver agreement in patients with
acute ischemic stroke.31 The application of NASCET criteria
may have resulted in inaccurate measurement of stenosis in
patients with long-segment stenoses or stenoses extending
into bifurcations and may also allow limited comparison to
studies that apply the WASID criteria.32 Furthermore, our def-
inition of technical success is less rigorous compared with less
than 50% or less than or equal to 30% residual stenosis applied
in other studies.19,22 We used this definition to analyze the
clinical effect of angioplasty or stent placement with even
slight reduction of stenosis. Future studies should address if
greater stenosis reduction is associated with more favorable
clinical outcomes. It is interesting to note that long-term clin-
ical outcomes were favorable, though 40% of patients (com-
pared with 31% in our study) had 50% or greater stenosis after
angioplasty in a recent study by Marks and colleagues.12 Fi-
nally, because recruitment was achieved during an 8-year pe-
riod, technical improvement and training may have influ-
enced patient outcome.33

Conclusion
Angioplasty and stent placement for symptomatic intracranial
atherosclerotic stenosis may have a significant periprocedural
risk in patients with clinical or diagnostic criteria indicating
high risk for a recurrent stroke. However, our data suggest that
patients with intracranial stenosis resulting in impaired cere-
bral hemodynamics may have long-term benefits, whereas pa-
tients with failure of medical treatment may carry a significant
risk despite a successful intervention.
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