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A major concern associated with carotid artery angioplasty and stenting (CAS) is a periproce-
dural distal cerebral embolization. To prevent distal embolization, embolic protection devices
(EPDs) have been developed. However, the risk of cerebral embolism after protected CAS in
patents with a vulnerable plaque is controversial and either a silent or a symptomatic stroke
can occur despite the use of EPDs. Here, we report a case of a massive cerebral microemboli after
a protected CAS using a distal filter EPD for a vulnerable plaque with a lipid rich necrotic core
and intraplaque hemorrhage.
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INTRODUCTION

Although a carotid endarterectomy (CEA) is the standard treatment for carotid artery ste-
nosis, carotid artery stenting (CAS) has emerged as an effective alternative to CEA (1). Howev-
er, the major concern associated with CAS is the potential for distal embolization of particles
from the treatment site during endovascular manipulation (1, 2). To prevent distal emboliza-
tion, cerebral embolic protection devices (EPDs) have been developed. However, the risk of a
cerebral embolism after protected CAS in patents with vulnerable plaque is controversial
and either silent or symptomatic strokes may occur despite the use of EPDs. To the best of
our knowledge, there have been no case reports of severe cerebral microemboli after CAS
with a distal filter type EPD. Here, we report a case of massive cerebral microemboli present-
ed as ipsilateral multiple cortical infarctions and bilateral border zone infarctions after pro-
tected CAS using a distal filter EPD for a vulnerable plaque with a lipid rich necrotic core
(LRNC) and intraplaque hemorrhage (IPH).

CASE REPORT

An 83-year-old man was admitted to our emergency room with left-sided weakness which
started one day before. He had no specific medical history. On neurologic examination, the
patient demonstrated dysarthria and left hemiparesis but was mentally alert. Diffusion-
weighted imaging (DWI) was performed and showed multifocal small acute infarctions in
the right frontoparietal cortex and right corona radiata (Fig. 1A). CT angiography demon-
strated long segmental severe stenosis of the right proximal internal carotid artery (ICA) (Fig.
1B). The atherosclerotic carotid plaque had an attenuation of < 60 Hounsfield unit, suggesting
LRNC (3). A small ulceration was also noted as a depression at the distal portion of the plaque
surface. Magnetic resonance angiography (MRA) was performed and revealed an IPH on the
source images and maximum intensity projection images from time-of-flight MRA as a high
signal intensity in the plaque (Fig. 1C). At seven days after the symptom onset, CAS proce-
dures were performed by an interventional neuroradiologist with 20 years of experience. Un-
der local anesthesia, a 6F 90 cm-long Shuttle® guiding sheath (Cook Medical, Bloomington,
IN, USA) was positioned in the distal common carotid artery via the percutaneous transfemo-
ral route and a 3-vessel cerebral angiography was performed before treatment to evaluate
collateral flow. The right carotid angiogram showed a long segmental severe stenosis of the
right proximal ICA, measuring about 80% at the most stenotic portion using the North Amer-
ican Symptomatic Carotid Endarterectomy Trial (NASCET) criteria (Fig. 1D, 1st panel). Sys-
temic anticoagulation was initiated with a 3000 I.U. bolus of intravenous heparin followed by
a 1000 L.U./h infusion. The SpiderFx (ev3, Plymouth, MN, USA), distal filter type EPD, was de-
ployed at the distal cervical ICA through the stenotic portion with aid of a Traxcess 14 guide-
wire (Microvention, Aliso Viejo, CA, USA). Predilatation was performed using an Aviator Plus
5mm X 30 mm (Cordis, Bridgewater Township, NJ, USA). The ipsilateral carotid angiogram
after the angioplasty revealed the contrast medium oozed and pooled into the plaque that was
ruptured by balloon dilatation (Fig. 1D, 2nd panel). A self-expandable Protege RX" carotid
stent (ev3) with a diameter of 10/7 mm (proximal/distal) and a length of 40 mm was deployed.
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Fig. 1. Massive cerebral microemboli after protected CAS using a distal filter EPD for a vulnerable plaque with a LRNC and IPH in an 83-year-old men.
A. Axial DWI at admission shows multiple small hyperintense embolic infarctions in the right frontoparietal cortex and right corona radiata.

B. Axial (left panel) and sagittal multiplanar reconstruction (right panel) CT angiography images demonstrate a long segmental severe steno-
sis of the right proximal ICA (black arrow) with a small ulceration (arrowhead). The atherosclerotic carotid plaque has an attenuation of < 60
Hounsfield unit, suggesting a LRNC (white arrow).

C. Maximum intensity projection image (left panel) and axial source image (right panel) of time-of-flight MR angiography show high signal in-
tensity IPH (arrows) in the eccentric right carotid plaque, which surrounds the lumen of the ICA with severe stenosis. IPH is identified as a hy-
perintense signal compared with the adjacent neck muscle.

CAS = carotid artery angjoplasty and stenting, DWI = diffusion-weighted imaging, EPD = embolic protection device, ICA = internal carotid artery,
IPH =intraplaque hemorrhage, LRNC = lipid rich necrotic core
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Fig. 1. Massive cerebral microemboli after protected CAS using a distal filter EPD for a vulnerable plaque with a LRNC and IPH in an 83-year-old men.
D. Lateral projection of the right carotid angiogram (1st panel) shows a long segmental severe stenosis of the right proximal ICA, measuring
about 80% at the most stenotic portion (arrow). The right carotid angiogram after balloon angioplasty (2nd panel) reveals the contrast medi-
um oozed and pooled into the plaque (arrow) that was ruptured by balloon dilatation. The post-carotid artery stent placement angiogram
(3rd panel) shows minimal residual stenosis at the origin site of the right ICA. A large amount of lipid-rich atherosclerotic plaque particles was
captured in a filter type distal EPD (4th panel).

E. DWI at eight-hours after the CAS shows massive new ischemic lesions in the right middle cerebral artery territory and bilateral border zone
regions.

CAS = carotid artery angioplasty and stenting, DWI = diffusion-weighted imaging, EPD = embolic protection device, ICA = internal carotid ar-
tery, IPH =intraplaque hemorrhage, LRNC = lipid rich necrotic core
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During the stent deployment, the patient exhibited a stuporous mental state with right eye-

ball deviation and bilateral limb spastic paralysis. The ipsilateral intracranial angiogram ob-
tained after the CAS showed intact cerebral blood flow without evidence of distal emboliza-
tion and the carotid angiogram showed minimal residual stenosis at the origin site of the
right ICA and no in-stent thrombosis of the right proximal ICA (Fig. 1D, 3rd panel). A large
amount of lipid-rich atherosclerotic plaque particles was captured and retrieved in the EPD
(Fig. 1D, 4rd panel) and the procedure was ended. An immediate postprocedural DWI
showed multifocal new ischemic lesions in the ipsilateral middle cerebral artery and vascu-
lar watershed territories of bilateral cerebral hemispheres. Contralateral lesions were from
collateral circulation through the anterior communicating artery. DWI, performed eight-
hours after the CAS, showed additional bright hyperintensities of the new ischemic lesions
in bilateral cerebral hemispheres (Fig. 1E). We concluded a distal massive microemboli due

to a ruptured lipid rich, hemorrhagic plaque during balloon angioplasty despite the distal fil-
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ter type EPD. The Modified Rankin Scale score at 90 days was 5.

DISCUSSION

Although a CEA is the standard treatment for carotid artery stenosis, it has limitations, par-
ticularly patients’ comorbidities (1). CAS has emerged as an effective alternative to CEA in
high-risk patients (1). However, the major concern associated with CAS is the potential for
distal embolization of particles from the treatment site during endovascular manipulation (1, 2).
To prevent distal embolization, cerebral EPDs have been developed and their usage has be-
come a common practice during CAS. However, the risk of a periprocedural cerebral embo-
lism during protected CAS in patents with vulnerable plaque is controversial. It has been re-
ported that plaque instability such as IPH is associated with a high risk of cerebral embolism
during protected CAS (4). However, Chung et al. (5) suggested that IPH is not a significant risk
factor for cerebral embolism during CAS and protected CAS is safe in patients with severe ca-
rotid stenosis and IPH. Despite the controversy, our patient showed massive symptomatic
embolic infarctions as a periprocedural complication after protected CAS for a vulnerable
plaque that was unable to guarantee the safety of EPD.

Distal filter type cerebral EPDs have some pitfalls. Selective protection is one of them (6).
The average filter has 100-pum pores; therefore, embolic particles sized < 100-um will escape
through the filter’s pores and microembolization may occur with the use of all currently
available filters (6). We used SpiderFx with pore sizes ranging from 70-um to 200-um, with the
largest and smallest pores located at the proximal and distal ends of the basket, respectively.
Siewiorek et al. (7) compared the performance in vitro of 6 distal filter type EPDs and report-
ed that Spider had the lowest capture efficiency (143-um: 1.50%; 200-pum: 19.34%, (p <
0.0005), likely due to the design of the device and relatively larger pore size. As occlusion of
vessels in the 50 to 300 ym diameter range is associated with “border zone” infarctions (8), a
relatively large number of particles of 200 pm or less might have escaped through the filter’s
pores and contributed to the distal cerebral embolization of our patient. If we used an EPD
filter with smaller pores, such as FilterWire EZ (Boston Scientific, Marlborough, MA, USA)
which has 110 pm pores, we also could not have prevented microemboli less than 110 um.
Another pitfall of filter type EPD is filter occlusion or flow stagnation (6). In our patient, a
large amount of lipid-rich atherosclerotic plaque particles were captured in the filter after the
rupture of the vulnerable plaque. This large embolic load probably overwhelmed the capaci-
ty of the filter and may have caused a significant reduction in antegrade flow in the ICA,
proximal to the filter device, which is referred to as “slow-flow” phenomena (6). This is con-
sistent with a previous study by Casserly et al. (9) that shows “slow-flow” during carotid inter-
ventions with EPDs is associated with a higher risk of periprocedural stroke and the emboli-
zation of vulnerable plaque elements may play a pathogenic role. Rosenkranz et al. (2)
reported that the frequency of procedure-related silent cerebral lesions is independent of the
number of solid cerebral microemboli during the CAS procedure. They also showed that
most cerebral microemboli that occur during CAS are gaseous and < 15% of microemboli
are solid. However, in case of vulnerable plaques which are prone to rupture, like in our pa-
tient, there may be an association between the number of solid microemboli during the CAS
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procedure and the occurrence of a periprocedural symptomatic stroke.

There are several studies comparing the outcomes between proximal EPDs and distal filter
type EPDs for CAS. A recent systematic review and meta-analysis by Texakalidis et al. (10) re-
ported that proximal EPDs can reduce distal embolization phenomena which result in isch-
emic lesions when compared to distal filter type EPDs based on the results from real-world
studies. However, proximal EPDs were not superior in regard to risk of periprocedural stroke,
transient ischemic attack, and death. Further studies are needed to provide a clear answer to
this debate. In the case of a high-risk vulnerable plaque, such as in our patient, a proximal
EPD could be a better neuroprotection strategy than a distal filter type EPD during CAS.

In conclusion, radiologists and clinicians should always keep in mind that an ‘embolic
shower’ could occur as a complication of protected CAS in the case of a vulnerable plaque,
and the safety of distal EPD cannot be guaranteed. Plaque vulnerability could be accurately
and noninvasively predicted using multimodality imaging due to technological improve-
ments and therefore preoperative radiologic assessment of such plaques is beneficial and
necessary to reduce the rate of complications after CAS. If a carotid plaque has a LRNC and
hemorrhage, the CEA or proximal EPD could be better treatment methods to prevent mas-
sive cerebral microemboli.
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