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Objective : The objective of this study is to evaluate the clinical and an-
giographic outcomes after primary balloon angioplasty in patients with
symptomatic middle cerebral artery (MCA, M1 segment) stenosis refractory
to medical therapy.

Materials and Methods : Eleven patients with intracranial stenosis were
treated with primary balloon angioplasty. All patients had MCA stenosis
with recurrent transient ischemic attack (TIA). The indication for balloon
angioplasty was patients with significant MCA stenosis: 1) age older than
18 years with recurrent or progressive TIA or infarction despite optimal
medical therapy, including anti-coagulation, dual anti-platelet, and anti-lipid
medication; 2) previous ischemic events or asymptomatic severe stenosis
(more than 50%) with poor collateral cerebral circulation, or diminished
cerebral perfusion on single photon emission computed tomography be-
fore and after administration of the intravenous dosage of acetazolamide.

Results : The median age of patients was 53 years (range 44-79). The
technical success rate was 100%. Mean pretreatment stenosis degree was
83.63 = 9.53% and 29.1 + 15.4% before and after angioplasty, respectively.
Procedural-related complications occurred in four of 11 patients (36%),
but none of the patients had permanent neurological deficit. All patients
were available for an average follow-up period of 19.4 = 5.1 months.
One patient had a stroke in the territory of angioplasty at two months
after angioplasty. The stroke free survival rate at 30 days and 12 months
was 100% and 91%, respectively. Restenosis over 50% was observed in
three of 11 patients (27%]; all were asymptomatic.

Conclusion : Intracranial angioplasty for symptomatic MCA stenosis re-

fractory to medical therapy can be a treatment option to reduce the risk
of further TIA or stroke.
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INTRODUCTION

Reported annual stroke rates are 8%-10%.”? The war-

farin-aspirin symptomatic intracranial disease study

The best treatment for middle cerebral artery (MCA)
stenosis remains controversial. Outcomes of medical

treatment for patients with MCA stenosis are unfavorable.
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reported that medical treatment with warfarin or as-
pirin resulted in failure to prevent further ischemic

events.” The 1-year 2-year probability for recurrent
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stroke in the territory of the stenotic artery in patients
treated with aspirin was reported as 12% and 15%,
respectively.”®

Recently, in patients with intracranial arterial steno-
sis, aggressive medical management (SAMPRIS study)
was reported to be superior to primary balloon angio-
plasty with the use of the Wingspan stent system.”
However, primary balloon angioplasty was found to
be effective for selected patients of symptomatic intra-
cranial stenosis. Technically, balloon angioplasty is a
simple technique compared to stenting. Considering
tortuous cerebral arteries, easy accessibility is one of
the prominent benefits of balloon angioplasty. Balloon
angioplasty has several shortcomings, including the
possible risk of intimal elastic recoil, dissection, and
residual stenosis because of the use of small caliber

) However, for small sized cerebral ar-

balloons.”
teries, MCA in particular, efficacy and safety of pri-
mary stenting is still contentious. In our practice, me-
dial management has been the first option, with only
select patients undergoing endovascular treatment.
These patients include symptomatic severe MCA steno-
sis (over 50%) with recurrent symptoms despite ad-
equate medical treatment. In this study, we summa-
rize the clinical and radiological results of primary

balloon angioplasty for MCA stenosis.

MATERIALS AND METHODS

We retrospectively assessed 11 consecutive patients
with symptomatic MCA stenosis who underwent pri-
mary balloon angioplasty at our institution between
Jan 2007 and Dec 2009. The patients comprised eight
men and three women with a median age of 53 years
(range, 44-79 years). All patients had provided written
informed consent for the procedure.

All patients had symptomatic intracranial stenosis.
Most patients had recurrent transient ischemic attack
(TIA) or stroke despite receiving antiplatelet and anti-
lipid medication. The clinical and angiographical pa-

rameters evaluated were patient age and sex, clinical
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presentation, degree of stenosis before and after bal-
loon angioplasty, antiplatelet and anticoagulation reg-
imen, procedure-related complications, and clinical
and angiographic consequences at follow-up.

Symptomatic MCA stenosis was defined as the oc-
currence of one or more TIA or non-disabling strokes
in the MCA territory within six months. The in-
dication of balloon angioplasty was patients with
significant MCA stenosis in these situations: 1) age
older than 18 years with recurrent or progressive
TIA or infarction despite optimal medical therapy,
including anti-coagulation, dual anti-platelet, and
anti-lipid medication; 2) previous ischemic events
or asymptomatic severe stenosis (more than 50%)
with poor collateral cerebral circulation, or dimin-
ished cerebral perfusion on technetium-99m ethyl
cysteinate dimer (ECD) single photon emission com-
puted tomography (SPECT) before and after admin-
istration of the intravenous dosage of acetazolamide
1 g (Zoladin, Far-East Pharmaceuticals, Seoul, Korea).

Exclusion criteria were: 1) stenosis distal to the
MCA bifurcation, 2) severe neurologic deficits (mRS >
4) in the influenced MCA territory, 3) life expectancy
is short, presumably < 5 years, 4) cardiac lesions like-
ly to cause cardiac thromboembolism, 5) chronic com-
plete occlusion of the MCA, 6) patients with tandem
intracranial and extracranial disease undergoing an-
gioplasty at both sites. Therefore, this study did not
include patients with hemodynamically significant ex-
tracranial cerebrovascular disease at the time of
angioplasty.

The degree of MCA stenosis (S) expressed as a per-
centage was measured by comparing the diameter of
the vessel at the site of highest stenosis (Dsten) with
the normal diameter of the vessel just distal to the
stenosis (Ddist), as follows: S[1(Dsten/Ddist)] x 100
using the WASID method. Overall vessel sizing was
done with catheter angiograms including three-di-
mensional reconstructed images. The definition of
restenosis means displayed stenosis over 50% at the

time of follow-up.
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Fig. 1. A 56-year-old woman had recurrent transient ischemic attack (TIA) symptoms refractory to medical treatment. (A} Anteroposterior
left internal carotid artery (ICA) angiogram shows severe stenosis (> 50%) in the proximal M1 portion of the left middle cerebral ar-
tery (MCA). (B) Angioplasty balloon is performed successfully. (C) Postprocedural ICA angiogram shows the MCA with a smooth ap-
pearance, widened or increased luminal diameter (residual stenosis about 30%), and preservation of the lenticulostriate arteries. (D)
After angioplasty, the patient developed weakness of the upper extremity. Anteroposterior left ICA angiogram shows stagnation of
distal MCA cortical flow, possibly due to multiple distal emboli. (E) After chemical thrombolysis (urokinase 200,000 IU and tirofiban
Hydrochloride 300 ng), weakness of upper extremity shows improvement (grade 5). (F) Angiogram 15 months after the procedure

does not show significant re-stenosis.

Endovascular procedure

The patients received 100 mg of aspirin and 75 mg
clopidogrel daily for at least seven days before the
procedure. A bolus of 3000-5000 U of heparin was ad-
ministered intravenously at the beginning of the
procedure. An additional 1000 IU bolus of heparin
was administered every hour. All endovascular proce-
dures were performed under general anesthesia.
Entire diagnostic cerebral angiography was performed
in each patient. The stenotic segment of the MCA was
contacted using a 0.014-inch coronary microwire,
which was navigated into the insular portion of the
MCA for maximal support; this allowed tracking of
the coronary balloon catheter (Mercury, Abbott,
Abbott Park, IL, United States / Sprinter, Medtronic,
Minneapolis, MN, United States). Patients were treat-

ed with semi-compliant coronary angioplasty balloons
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varying in size from 1.5 x 9 mm to 2.5 x 20 mm in-
serted through 5 F to 7 F guide catheters. Balloons
were deliberately undersized by 80% of normal diam-
eter in order to decrease the risk of arterial damage or
rupture using angiographically obtained measurements.
The available length to fully cover the lesion was
chosen and balloons were slowly inflated for three
minutes. After the procedure, patients were generally
continued on dual antiplatelet medication for two
years. No anticoagulation was administered after the

procedure (Figs. 1, 2).

RESULTS

Pretreatment stenosis varied from 60-95% (mean
83.63 £ 9.53%). Ten (91%) of the lesions had more

than 70% stenosis, with only one patient (9%) having
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Fig. 2. A 53-year-old man had recurrent TIA symptoms refractory to medical treatment. (A) Anteroposterior left ICA angiogram shows
severe stenosis (approximately 90%) in the proximal M1 portion of the left MCA. (B) Angioplasty balloon was deployed successfully.
During angioplasty, an angiogram demonstrates dissection of MCA. However, the patient did not show any neurological deficit. (C)
Postprocedural ICA angiogram (delayed 30 minutes) shows the MCA with a smooth appearance, widened luminal diameter (residual
stenosis about 50%), and preservation of the lenticulostriate arteries. (D) Magnetic resonance angiogram at 23 months after the pro-
cedure shows restenosis (approximately 60%). However, the patient had no ischemic event.

stenosis in the 50-69% range. All lesions were crossed
and dilated successfully. Post-treatment stenosis var-
ied between 5% and 60% (mean 29.1 + 15.37%). Eight
patients (72%) had less than 50% residual stenosis,
three patients (28%) had 50-69% stenosis (Table 1).
Procedural events occurred in four (36.4%) of 11 pa-
tients, but no patient had permanent neurological
deficit. One patient developed acute thromboembo-
lism during the procedure, but showed improvement

after treatment with thrombolysis (urokinase 200,000

IU and tirofiban hydrochloride 300 mg). Three pa-
tients developed dissection of MCA. If dissection was
seen, we observed it for 10-30 minutes. None of the
dissections produced flow stagnation, embolism, pro-
gression, or ischemic symptoms.

There were no complications attributable to vessel
rupture, reperfusion hemorrhage, and branch occlu-
sion associated with an ischemic infarct.

There were no deaths or strokes within 30 days of

the procedure. All patients were available for fol-
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low-up, which varied from 2-41 months (mean 19.36
months). During follow-up, one patient experienced a
recurrent stroke in the vascular distribution of the
treated vessel. Routine follow-up imaging with con-
ventional cerebral angiography at one year, computed
tomographic angiography or magnetic resonance an-
giography at three or six months was performed on
all patients. Four patients underwent conventional an-
giography, four patients underwent computed tomo-
graphic angiography, and three patients underwent
magnetic angiography. Three of 11 patients (27%) had
asymptomatic restenosis over 50%, but did not re-

quire repeated angioplasty.

DISCUSSION

Application of coronary balloon-expandable bare
metal stents in cerebral arteries has been reported
with favorable results. However, in real practice, we
have experienced various complications associated
with intracranial coronary stents, particularly in cases
of M1 stenosis, which included proximal or distal
MCA branches rupture-perforation, perforator occlu-
sion, early and delayed thromboembolism, and fre-
quent restenosis.”’®* All have been real concerns in
our practice. Many aspects of endovascular strategies
for intracranial stenosis have come from the coronary
field; however, the cerebral artery is different from
the coronary vessels in several aspects. First, the vas-
cular structure and environment of arteries are ob-
viously different from those of coronary arteries."”)
The differences include the absence of an external
elastic lamina, lack of adventitia, thin media in the ar-
terial wall, and suspension in cerebrospinal fluid. All
represent weak arterial walls of cerebral vessels.

The mechanisms of stroke are also different. There are
three possible mechanisms of cerebral stroke; throm-
boembolism, perforator occlusion, and hypoperfusion.”)
Each patient can have one or combined etiologies.
Pathophysiologic aspects should be considered for in-
dividual patients and lesions. For example, when per-

forator occlusion is the main mechanism, endovas-
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cular treatment of the stenosis may add unnecessary
risks. Benefit would be rare. If hypoperfusion matters,
simple dilatation may lead to dramatic improvement.
According to the Hagen-Poiseuille equation, double
the radius of the vessel results in a 4th power in-
crease of the blood volume. Therefore, just a 10% in-
crease of the diameter will lead to double the increase
of the current flow volume. This implies that return-
ing to the normal diameter of the stenotic arteries
may not be essential to resolving a perfusion issue.
Suboptimal dilatation of the vessel would be suffi-
cient in cases of hypoperfusion. Again, we could ach-
ieve clinical benefit even with less aggressive dilata-
tion of the stenosis.

Almost all patients with symptomatic intracranial
stenosis are symptomatic due to thromboembolic
factors.’” In cases of thromboembolism, we should
consider that the plaque could be unstable. In the ear-
ly period after symptom occurrence, it is more
vulnerable. In addition, the cerebral artery has a
somewhat different plaque nature compared to the
traditional concept of unstable plaque of coronary
arteries. In cerebral arteries, percent stenosis is the
highest in cured plaque rupture and is greater than
that of thin-cap atheromas and acute plaque ruptures.

For cervical carotid stenosis, early surgery has been
the rule. In recent practice, carotid stenting has also
been performed during the acute period in order to
reduce further occurrence of stroke, accounting for in-
creased risk of procedure-related thromboembolism.
However, there are various protection devices. There
is no protection device for cerebral circulation. Therefore,
a less aggressive approach to cases of stroke due to
thromboembolism from the intracranial stenosis is
needed. Thromboembolic complication risk of endo-
vascular stenting is 16-56.3% and that of balloon an-
gioplasty is 2%.""

An attempt at stent deployment may not be appro-
priate in certain circumstances. In cases where tor-
tuous anatomy would preclude or potentially compli-
cate stent placement, where the stenosed arteries to be

treated are too small in diameter or too distal to be
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stented, or where the stenosed arterial segment is lon-
ger than any available stent of the appropriate diame-
ter, balloon angioplasty alone may be the only desired
dilation step. The safety and device performance of a
new family of self-expanding stents specifically de-
signed for treatment of atherosclerotic lesions was
assessed.” The nitinol stent (Wingspan, Boston
Scientific/Smart, Fremont, CA, United States) has two
times greater radial force than the Neuroform stent,
and is suitable for distal internal carotid artery and
MCA lesions that are too rigid to access or are not ac-
cessible using a balloon-mounted stent. The safety of
these procedures may be compromised by limited
flexibility of the coronary balloons or balloon-mounted
stent delivery systems, high inflation pressure re-
quired for deployment of stainless steel stents in frag-
ile intracranial vessels, risk of shearing the stent from
the balloon while navigating to the objective lesion,
and difficulty in accurately sizing the balloons and
stents according to the vessel diameter.

Initial case series reported relatively high rates of
periprocedural morbidity using the angioplasty-alone
strategy.” The introduction of routine adjunctive peri-
procedural platelet inhibition, along with a more con-
servative approach to balloon sizing and a slow bal-
loon inflation technique, made intracranial angio-
plasty considerably safer. Several single institution
retrospective series and a multicenter retrospective
series have suggested that with these modern techni-
ques intracranial angioplasty without stenting can be
performed with a relatively low periprocedural risk

1919 The major potential limitations of angio-

profile.
plasty without stenting include vessel recoil with
acute recurrent stenosis, acute vessel occlusion secon-
dary to either procedural dissection or recoil with lo-
cal platelet aggregation, and a lack of long-term dura-
bility, with some patients requiring multiple proce-
dures because of recurrent stenosis. In an additional
12.9% of patients treated, stents were required be-
cause the initial angioplasty result was unchanged or

worse than the pretreatment stenosis. In the current
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series, only four of 81 (4.9%) lesions treated with both
the Gateway balloon and Wingspan stent remained
with > 50% stenosis at the conclusion of the initial
procedure. Long-term follow-up is ongoing.?”*

In patients with intracranial arterial stenosis, ag-
gressive medical management was superior to pri-
mary balloon angioplasty with the wuse of the
Wingspan stent system, both because the risk of early
stroke after primary balloon angioplasty was high
and because the risk of stroke with aggressive medi-
cal therapy alone was lower than expected (SAMPRIS
study).4> However, in some studies, primary balloon
angioplasty was effective for symptomatic intracranial
stenosis with risk of stroke or death.'®® Intracranial
angioplasty without stent placement has not been
studied prospectively. Technical success (defined as
reduction of stenosis to < 50%) can be achieved in >
80% of patients and the rate of stroke or death within
30 days of angioplasty varied between 4% and 40% in
several retrospective angioplasty studies.? Various
elective procedures have been associated with lower
complication rates (4-6%). Restenosis rates following
angioplasty alone range from 24-40%.” Marks et al.
recently reported an average follow-up period of 52.9
months in 36 patients showing an annual stroke rate
of 3.36% in the territory proper to the site of
angioplasty."

Important drawbacks in balloon angioplasty include
intimal dissection, early elastic arterial recoil, and im-
mediate high-grade residual stenosis.'”"?"¥*?) To
overcome these drawbacks, use of undersized bal-
loons and slow balloon inflation is recommended, but
residual stenosis > 50% and dissection are still re-
ported in 16% and 14%," respectively.

Even though an excellent outcome was achieved for
balloon dilation in a single center study without re-
coil, and with long-term stability compared with
stenting, this study, which was conducted with a rela-
tively small number of cases (11 patients) and with no
control group, is not sufficient to definitively conclude

the feasibility and safety of balloon angioplasty for



MCA stenosis treatment. We cannot rule out the pres-
ence of unknown, confounding variables not ac-
counted for in the final analysis. If the operator could
depend on balloon angioplasty alone, it would be an
ideal, usually simple to perform, procedure with min-
imal risk; there would be no need for stent placement,
with all the associated possible problems related to
placement of a permanent metallic foreign body in
the artery, from the actual deployment process
through late restenosis or thrombosis and the require-
ment for prolonged dual antiplatelet therapy. Further
clinical trials with a large, well-designed, randomized,
controlled trial are required in order to confirm our

results.

CONCLUSION

We found a high rate of technical success and a low
rate of stroke recurrence and residual stenosis, sug-
gesting that this procedure has a durable effect. From
this result, in treatment of symptomatic MCA stenosis
refractory to medical treatment, we found that only
primary balloon angioplasty without aggressive stent
placement is a preferable and alternative treatment
modality.

Adoption of a practice based on comparative data
derived from coronary interventions suffers from a
lack of understanding of the differences between in-
terventions in the two vascular beds. Currently avail-
able endovascular devices for dilating MCA stenosis
are not yet perfect, and are associated with significant
risk. All of the above indicate that a conservative poli-
cy is needed for cases of small intracranial arteries
like MCA. If endovascular treatment should be chos-
en, we believe that less aggressive procedures should
be the first option. The outcomes highlight the need
for conduct of randomized clinical trials with patient
selection, perioperative medical management, and a
highly skilled neuroendovascular surgeon in order to
determine the precise value of balloon angioplasty

and stenting in intracranial MCA stenosis.
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