CHALLENGING CASES

Critical Decision
Making in Carotid
Embolic Protection

Carotid stenting in a patient with stenosis of the left external and internal carotid arteries.

BY JENNIFER FRANKE, MD; MARIUS HORNUNG; NINA WUNDERLICH, MD;
AND HORST SIEVERT, MD, FESC, FACC, FSCAI

n September 2010, a 72-year-old man was admitted to

the neurological department of his nearest hospital due

to a transient ischemic attack with sudden weakness of

the right arm and leg that continued for approximately
10 minutes. Cranial magnetic resonance imaging ruled out
cerebral lesions. His risk factors included hypertension (ade-
quately treated), hyperlipidemia, and peripheral arterial
occlusive disease. Initial examinations included a duplex
scan of the supra-aortic arteries, a transcranial Doppler
examination, transthoracic and transesophageal echocar-
diography, and a 24-hour electrocardiogram. Diagnostics
revealed a high-grade eccentric stenosis of the left internal
carotid artery (ICA) and the left external carotid artery
(ECA).

After informing the patient about different treatment
modalities, clopidogrel and statins were added to his med-
ication, and he was referred to our center for carotid stent-
ing of the symptomatic left ICA. Angiography demonstrat-
ed a short, eccentric, high-grade stenosis of the left ICA, an
ostial subtotal occlusion of the left ECA with slow flow, and
a comparably large-lumen superior thyroid artery. As meas-
ured by angiography, the common carotid artery (CCA)
measured 7 mm in diameter, and the ICA was 5 mm in
diameter. The intracranial runs revealed adequate flow in
both the anterior and middle cerebral artery.

DECISION POINT 1

Considering the patient suffered a transient ischemic attack
1 week before, would a proximal embolic protection device or
a distal filter device be best in this situation?

Because the procedure was performed shortly after a cere-
brovascular event, embolic complications were more likely
to occur due to vulnerable plaques.’ By providing complete
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“In general, correct selection of embolic
protection based on clinical aspects as
well as on radiological features of the
lesion is essential ... "

protection through retrograde flow before lesion manipula-
tion, the chance of microembolization of very small particles
(< 80 pm in diameter) can theoretically be reduced by using
a proximal occlusion device. These systems consist of a long
introducer sheath with a balloon that is inflated in the CCA.
A second balloon inflated in the ECA ensures the total
blockade of the antegrade blood flow in the ICA. The proxi-
mal protection systems facilitate the cerebral vascular con-
nections of the circle of Willis. After the occlusion of the
CCA and ECA, the collateral flow through the circle of Willis
creates so-called back pressure, which prevents antegrade
flow in the ICA.

Although large, randomized studies comparing the clinical
benefit of the different approaches are pending, it is conceiv-
able that a proximal occlusion device could be beneficial in
vulnerable lesions with fresh thrombus compared to a
device that is placed distally and therefore requires unpro-
tected crossing of the lesion. With the Mo.Ma system
(Medtronic Invatec, Frauenfeld, Switzerland), the occlusion
balloons of the ECA and CCA are mounted on the guiding
catheter in a fixed distance. Therefore, in patients with signif-
icant stenosis of the ECA, positioning of the distal balloon is
either cumbersome or, in some cases, not possible.** In the
situation of a total occlusion of the ECA, the sole occlusion
of the CCA balloon may not establish complete blockage of
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Figure 1. Angiography revealed an eccentric, high-grade stenosis of the left ICA and
a subtotal occlusion of the left ECA.The superior thyroid artery originated from the
CCA below the carotid bifurcation (A). After inflation of the proximal balloon in the
CCA, a column of contrast remained in the CCA, and the contrast located in the ICA
was washed out slowly. Forward flow to the intracranial arteries was still maintained
via the superior thyroid artery and partially contributed to by the subtotally occlud-
ed ECA (B). Postdilation of the carotid stent while a distal filter and proximal protec-
tion device are in place (C). Final angiogram showed adequate flow in the ICA and

no residual stenosis (D).

antegrade flow. The total occlusion may lie distal to the
ostium of the most proximal branches of the ECA—the
superior thyroid artery and lingual artery.

In our patient, the ECA was subtotally occluded at its
ostium, with only slow flow through the external carotid
lesion shown in angiographic imaging. In addition, the
patient had an anatomical variation—the superior thyroid
artery originated from the CCA below the carotid bifurca-
tion and not as a side branch of the ECA distal to the
subtotal lesion (Figure 1A). In this quite specific anatomy,
the use of the Mo.Ma system was limited due to the previ-
ously mentioned specifications of the device. Unlike with
the Mo.Ma device, the proximal and distal balloons of the
Gore Flow Reversal system (Gore & Associates, Flagstaff,
AZ) are mounted on two separate components. The distal
balloon is mounted on the balloon wire, and the proximal
balloon is located at the distal end of the introducer
sheath. On the basis of these small advantages, the Gore
Flow Reversal system was a viable alternative in our
patient’s anatomy because it allowed the operator to posi-
tion the proximal occlusion balloon at any distance to the
bifurcation. However, after positioning the proximal pro-
tection device and occluding the balloon in the CCA, a col-
umn of contrast remained in the CCA, and the contrast
located in the ICA was washed out slowly. In this situation,
forward flow to the intracranial arteries was still main-
tained via the superior thyroid artery, partially con-
tributed to by the subtotally occluded ECA. Thus, ade-

36 | ENDOVASCULAR TODAY | JANUARY 2011

quate cerebral protection was not
achieved (Figure 1B).

DECISION POINT 2

What should you do when ante-
grade flow cannot be adequately
blocked by proximal occlusion?

Some options are available to
prevent antegrade flow in this situa-
tion. One basic concept is to
increase the amount of back pres-
sure applied to the cerebral circula-
tion. By opening the proximal stop-
cock of the arterial sheath and let-
ting it bleed back, or alternatively,
by attaching the external filter of
the device and connecting the sys-
tem to a sheath placed in a femoral
vein (producing an arteriovenous
shunt), retrograde flow can be
enhanced. Due to the patient’s spe-
cific anatomical situation with the
superior thyroid artery originating
from the CCA below the carotid
bifurcation, blockage of the superior thyroid artery with a
balloon would prevent antegrade flow via this route, yet
would not eliminate the chance of distal embolization via
the ECA. Performing manual aspirations with a syringe
between the steps of the procedure would additionally pre-
vent distal embolization but would not sufficiently eliminate
antegrade flow in between aspirations.

A further option would be to place a filter embolic pro-
tection device in the distal ICA and therefore achieve addi-
tional distal protection by filtering the remaining antegrade
blood flow. In this particular patient, as complete retrograde
flow could not be established even after connecting the sys-
tem to the femoral vein, the operator decided to place a
Gore Embolic Filter device (Gore & Associates) adjunctive to
the proximal protection device (Figure 2). A feature of the
Gore Embolic Filter is its comparably long circumferential
frame at the proximal end of the filter, which provides
improved alignment of the filter basket to the vessel wall. As
a result of filter placement, embolic protection was addi-
tionally given through the filtration of blood that continued
to flow distally despite proximal protection.

DECISION POINT 3

Which stent design is preferred in symptomatic carotid
lesions?

The clinical impact of open-cell design versus closed-cell
design, or perhaps more importantly the impact of cell size
and pore size, is still unclear. Insufficient wall coverage of a



stent may lead to protruding atherosclerotic debris through
the stent struts. Therefore, in lesions with high emboligenic
potential, as presumed in this patient, closed-cell stents may
provide better scaffolding ®® Additionally, choosing a
carotid stent that is slightly larger than the vessel diameter
itself (oversizing), creates an artificially smaller pore size
between the stent struts. In this case, an 8-mm X 3-cm Xact
stent (Abbott Vascular, Santa Clara, CA) was implanted and
postdilated with a 5-mm balloon. Angiographic results were
satisfactory (Figure 1C and 1D). Throughout the procedure
and during the postprocedural period, the patient showed
no neurological symptoms or hemodynamic complications.
He was discharged 2 days after the procedure.

CONCLUSION

When using the Gore Flow Reversal system, it is mandato-
ry to verify complete blockage of antegrade flow in the ves-
sel and the achievement of blood flow reversal in the ICA
before continuing with the next step of the intervention. If
blood flow in the ICA merely stagnates, cerebral protection
is not sufficient. In this situation, a short interruption of
back pressure during the procedure could allow debris
accrued in this area to flow cranially and possibly cause a
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Figure 2. The Gore Embolic Filter has a long circumferential
frame at the proximal end of the filter, providing improved
alignment of the filter basket to the vessel wall.

severe stroke. In the case of the Mo.Ma device, the operator
needs to verify that there is no flow in the ICA after inflation
of the clamping balloons in the ECA and CCA. Furthermore,
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performing the intervention stepwise and aspirating in
between the procedural steps may provide additional safe-
ty. In general, correct selection of embolic protection based
on clinical aspects as well as on radiological features of the
lesion is essential and greatly influences the outcome of
carotid stenting. Particularly in challenging anatomical situa-
tions, such as in the case presented here, specific knowledge
of device-related advantages and potential drawbacks of
different concepts of embolic protection is required to pro-
vide patients with the optimal treatment modality. B
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