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Objective : Angioplasty and Stenting of intracranial atherosclerotic lesions
have a higher complication rate and a large proportion of this is attribut-
able to side branch arterial occlusion from forceful displacement of the
atheroma into the ostia or snowplowing effect. This can result in severe
disabilities when it result in small infarcts involving eloquent areas in the
posterior circulation or the motor tracts.

Materials and Methods : We present a series of 6 cases utilizing a new
dual catheter technique for maintaining the patency of at-risk vessels dur-
ing angioplasty and stenting. There are several methods previously de-
scribed to help reduce the incidence of stroke but because they do not
have a physical presence in the ostia to protect it, they are unable to
guarantee the patency of the vessel.

Results : All 6 patients underwent angioplasty and stenting with the
technique. The patients were assessed for complications with post-proce-
dure magnetic resonance imaging and no complications were found.

Conclusion : In this preliminary series, the dual catheter technique appears
to safe and effective in preventing occlusion of the adjacent branch arteries.
This technique may facilitate the use of the Wingspan stent in the treat-
ment of intracranial atherosclerotic stenotic segments by reducing the risk
of peri-procedural stroke.
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INTRODUCTION

Stroke is the leading cause of worldwide disability
and intracranial atherosclerotic stenosis (ICAS) is an
important cause of ischemic stroke among Asians, es-
pecially among Chinese populations.'” Where the
proportion of ischemic stroke caused by ICAS can be

up to 50%.""” Medical treatment is recommended for
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the treatment of symptomatic ICAS but despite our
best efforts, the rate of pharmacological failure result-
ing in recurrent ischemic stroke can be 15-20%.77"?

A major concern of intracranial angioplasty with or
without stent placement has been occlusion of the
perforator vessels such as the lenticulostriate arteries
during middle cerebral artery angioplasty or posterior

inferior cerebellar artery during posterior circulation


http://crossmark.crossref.org/dialog/?doi=10.7461/jcen.2017.19.1.12&domain=pdf&date_2017-04-27

stenting. The SAMPPRIS trial determined that stent-
ing and angioplasty arm for ICAS has a higher rate
of strokes than medical treatment arm. Moreover, the
majority of the peri-procedural ischemic strokes in the
trial were in perforator territories adjacent to the ves-
sel the stent was deployed in.” These strokes were
presumably from the 'snow-plowing' effect where the
atheromatous plaque is pushed into the small perfo-
rator vessels by balloon inflation from angioplasty or
stent deployment. We present a novel dual catheter
technique to preserve the patency of these adjacent
perforator arteries that are at risk of being occluded

during angioplasty and stenting of ICAS.

MATERIALS AND METHODS

6 patients in 2015 with ischemic stroke despite best
medical treatment (dual antiplatelet treatment with
maximal doses of Atorvastatin and blood pressure
medication) underwent angioplasty and stenting of
the ICAS. Written informed consent was obtained

from all 6 patients. The clinical characteristics of the

Table 1. Characteristics of patients
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6 patients are summarized in Table 1. Of note 2 pa-
tients had moderate stenosis with a stenosis index of
61% and 68% however they underwent angioplasty
and stenting because of their recurrent symptoms de-
spite maximal medical therapy. All patients were
treated preoperatively with a dual antiplatelet therapy
of 150 mg of aspirin and 75 mg of clopidogrel daily
for 5 days before the procedure. The effectiveness of
the platelet inhibition therapy was tested by platelet
activity assays, and in cases of insufficiency loading
doses were administrated. The patients all underwent
general anesthesia for the procedure and the clotting
time was kept at 250-300 seconds by heparin.
Cerebral angiography was performed via a femoral
approach. After arterial puncture a 7 F guiding sheath
(Shuttle) and 7 F guiding catheter Neuron 088 (Penumbra,
Alameda, CA, USA) was advanced to the base of the
stenosis (Fig. 1A, B, 2A). A microcatheter (Echelon-10,
Covidien) over a 0.0014 inch microguide wire (Transcend,
Stryker Corporation, Kalamazoo, MI, USA) was for-
warded through the 7 F guiding catheter and guided

up and into the ostia of the adjacent perforator artery

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
Age 78 65 55 59 55 63
Gender Male Female Male Male Male Female
Risk factors Hypt Hypt, DM Hypt, prev SAH Hypt Hypt, DM Hypt, Lipid
Occlusion location Right VA Right VA Basilar Left VA L MCA R MCA
Slde_bran_ch and Right PICA distal Right PICA Right PICA Left PICA distal Lenticulostriate Lenticulostriate
relationship to - proximal to proximal to - artery overlying artery overlying
: ! to stenosis } ; to stenosis ) ]
primary lesion stenosis stenosis stenosis stenosis
Onset to procedure 14 days 25 days 30 days 14 days 50 days 21 days
Stenotic index 68% 90% 90% 61% 94% 88%
Quialifying event Recurrent TIA Stroke Recurrent TIA Recurrent stroke Stroke Stroke
balloon used Gateway Gateway Gateway Gateway Gateway Gateway
25 x 15 mm 2.5 x 20 mm 25 x 15 mm 3.5 x 20 mm 25 x 15 mm 2.5 x 20 mm
Stent used Wingspan Wingspan Wingspan Wingspan Wingspan Wing span
4 x 20 mm 3.5 x 20 mm 3x20m 4 x 20 mm 4 x 15 mm 4 x 15 mm
ic i 0
Post stenotic index % 22% 70% 86% 16% 83% 62%
improvement
mRS at discharge 0 2 0 1 2 1
mRS at 3/12 0 1 0 0 2 1

Hypt = hypertension; DM = diabetes mellitus; prev SAH = previous subarachnoid haemorrhage; VA = vertebral artery; MCA = middle cerebral
artery; PICA = posterior inferior cerebellar artery; TIA = transient ischemic attack; atm = atmospheres; mRS = modified Rankin scale

Volume 19 - Number 1

- March 2017

13



DUAL CATHETER TECHNIQUE TO PREVENT SNOWPLOWING COMPLICATIONS

Fig. 1. (A) Right Vertebral stenosis with at-risk PICA artery. (B)
3-D reconstruction of the stenosis and PICA. (C, D) Echelon-10
microcatheter advanced into PICA and left to protect it, super-
selective contrast injection by hand to confirm placement. (E)
Final outcome after angioplasty and stenting, PICA is preserved.
PICA = posterior inferior cerebellar artery.
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at risk. An important point that bears highlighting is
that the microcatheter used should be the Echelon-10
(Covidien), otherwise, the Gateway balloon will have
difficulty passing through the guide catheter when
adjacent to the other microcatheter due to lack of
space in the lumen. The microcatheter was then guid-
ed deeper into the perforator and a secure distal posi-
tion achieved (Fig. 1C, 2B). The guidewire was re-
moved and a selective angiogram was performed to
ensure the microcatheter was in the correct vessel and
that the purchase in the perforator was stable (Fig.
1C, D, 2C). This was left there to provide a physical
presence in the ostia of the aforementioned perforator
and keep it open.

For the posterior circulation, we tended to utilize a
bilateral femoral puncture technique for a bilateral
vertebral artery approach so that the catheters had no
issues with accommodation or becoming wedged on
top of each other. If the internal cerebral artery or
vertebral artery was stenosed such that bilateral verte-
bral artery access was not practical, a 6 F guiding
sheath (Shuttle) and a 6 F guide catheter (Envoy DA
LD. 0.071") or (Navien L.D. 0.072") was used instead.

The subsequent portion is similar to the standard
Wingspan stent deployment with a few important
differences. A second Echelon-10 microcatheter and
Transcend guidewire was introduced into the same
Neuron Max and the wire was advanced into and
over the stenotic segment following. At this point the
guidewire is removed and gateway balloon was ad-
vanced into position within the microcatheter and
inflated. The atheroma dislocated likely piling up
around the microcatheter in the side-branch which is
keeping the ostia patent. To minimize the release of
debris and emboli, the Wingspan stent was deployed
first distal to the occlusion (thus trapping any debris
that might be later released between the stent and the
vessel wall), then through the stenotic segment, and
finally just proximal to the occlusion, thus traversing
the entire lesion. After the stent is deployed an angio-

graphic run is then done to ensure that the



Fig. 2. (A) Right Vertebral stenosis with atrisk PICA artery. (B)
Double microcatheters in R VA & PICA. (C) Double micro-
catheters in R VA & PICA with check angiographic run. (D)
3-D reconstruction post- angioplasty & stenting. (E) Final out-
come after angioplasty and stenting, PICA is preserved. VA =
vertebral artery; PICA = posterior inferior cerebellar artery.
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side-branch is patent before the final microcatheter is
removed (Fig. 1E, 2D, E).

Delayed angiographic runs were also performed to
rule out thrombosis, spasm or dissection. Patients re-
ceived a maintenance dose of aspirin (100 mg daily)
and clopidogrel (75 mg daily) the day after the

procedure.

RESULTS

All 6 patients underwent magnetic resonance imag-
ing examination post procedure which showed no in-
farcts, or other procedure related complication such as
vessel rupture or haemorrhage. They were assessed
by an independent physician post procedure, daily
during the admission and at 3 months after discharge
with no new neurological deficits. The modified
Rankin scale (mRS) at three months was 0-1 for all
patients. A follow-up angiographic study at six
months for was completed in all 6 patients which
confirmed patency of the side branch, there was no

restenosis in the stented vessels as well (Table 1).

DISCUSSION

Angioplasty and stenting is an important alternative
modality for the treatment of intracranial artery steno-
sis but it remains challenging to ensure that the bene-
fit outweighs the risks. We showcase a novel techni-
que to occupy the ostia of the at-risk side-branch ar-
teries during angioplasty and stenting of the ICAS,
thereby preventing peri-procedural infarcts.

One major concern of intracranial stenting is
side-branch occlusion from the "snow plowing" effect
(i.e., forceful displacement of an atheroma in the
side-branch ostia when stents or balloons expand
through a stenosis) attributed to high deployment
pressure of the balloon expansion stent.’® The stent
struts crossing the ostia of side-branchs in the athero-

sclerotic vessel may be associated with occlusion of
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side-branchs after intracranial stenting.8> These vessels
can remain occluded post-procedure, indefinitely ex-
tending the time of ischemia.

In the early history of ICAS, stenting was performed
with the balloon expansion stents used for coronary
vessels and it was previously reported that the diame-
ter of the side branch was the most important factor
contributing to side-branch occlusion when coronary
stents were used. However, the occlusion of perforat-
ing arteries in the brain may result in significant neu-
rologic deficits, despite the side branch arteries typi-
cally being much smaller than that of the coronary ar-
tery perforators.ml) A large single center series of 181
patients with ICAS treated with balloon expandable
coronary stents, patients with preprocedural infarction
of territories fed by perforators had post-procedural
infarction at a rate significantly higher than patients
without pretreatment perforator-region infarctions.”
These earlier studies with coronary stents in ICAS
showed the degree of risks that perforator rich re-
gions face from snowplowing during angioplasty and
stenting.

Several techniques were introduced to limit compli-
cations for the procedure, such as submaximal balloon
dilatation or a staged approach to allow intimal fib-
rosis and vascular remodeling in the interim period,
which may reduce the risk of acute perforator
occlusion.” Advances in stent technology produced
the Wingspan device which performed better than the
balloon-mounted stents in terms of navigability to the
target site. The self-expanding stents were designed to
cause less vasospasm and side-branch occlusions with
submaximal dilatation,g) Nonetheless, the previously
staged procedures are now combined and without an
intervening time period to allow for intimal fibrosis
and remodeling, the self- expanding stent can still dis-
lodge the plaque and occlude the ostia. This was dis-
played in the SAMPPRIS trial with its higher in-
cidence of stroke.

There are some technical precautions during the

procedure that help to ensure that the residual steno-
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sis is reduced as low as possible. Angioplasty is typi-
cally performed with a slow-graded inflation of the
balloon to a pressure higher than nominal pressure.
The self-expanding Wingspan stent exerts a con-
tinuous outward radial force against the vessel wall.
This outward radial force prevents early vessel recoil
and a stent with slightly larger diameter is usually
chosen. Pathophysiologically when compared with
coronary vessels, cerebral arteries lack a well-formed
external elastic lamina and are relatively fixed from
movement due to small branching arteries."” All these
factors contribute to the degree which atheroma is
pushed into the ostia of adjacent vasculature.

We chose to use the 7 Fr Neuron to give the best
balance of distal access and large enough lumen that
can accommodate all the required equipment. The
size of the microcatheters used with respect to the lu-
men of the guide catheter is important, we chose 2
echelon-10 microcatheters to ensure that they would
be fine enough to fit within the 7 F neuron guide
catheter and still have enough support and
tractability. For the posterior circulation, we use a bi-
lateral femoral puncture for a bilateral vertebral ar-
tery approach.

In a study examining risk factors for stroke with
ICAS stenting, patients had a higher risk of stroke if
they had a posterior circulation stenosis and if the ini-
tial qualifying event was a stroke or transient ischemic
attack. This may imply that the mechanism of further
stroke is related to the pre-existing atheroma by the
snow-plow effect. This is especially relevant in the
posterior circulation with its many important eloquent
side-branches and perforators.w) In fact, side-branch
and perforator infarction was the most common single
complication related to stenting in the SAMMPRIS tri-
al, accounting for half of all stenting complications
and 15/21 ischemic incidents.” Unfortunately there
were insufficient details in the publications to de-
termine if these complications were related to lentic-
ulostriate or basilar branches that would be amenable

to accommodating a microcatheter.



Using a second microcatheter to preserve a branch
has been described during coil embolization of a pos-
terior communicating artery aneurysm when there is
significant aneurysmal involvement of a relatively
small PCOM artery. This technique has not been de-
scribed during angioplasty and stenting. The double
catheter technique is especially suitable for preventing
side-branch infarcts in the posterior circulation with
vasculature that can accommodate a microcatheter.
Perforators on the other hand are usually much small-
er vessels such that catheterization is not feasible and
this technique cannot be applied. Nonetheless, in our
series, 4 out of 6 of our patients had stenosis in the
posterior circulation with the PICA vessels at risk of
occlusion which was avoided by our technique.

Even in the post- SAMPRIS era where angioplasty
alone (without stenting) is being proposed as a plau-
sible alternative treatment for ICAS which have failed
medical therapy, our double catheter technique is still
viable to protect side-branch arteries.'¥ We appreciate
that this is a small series comprising only 6 patients
and is neither conclusive of the safety or efficacy of
the technique. Nonetheless it is a new method that

can potentially reduce avoidable strokes.

CONCLUSION

We showcase a novel simple and effective technique
to protect the important side-branch arteries that can
be occluded during angioplasty and stenting of the

intracranial atherosclerotic arteries.
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The authors report no conflict of interest concerning
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