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Endovascular thrombectomy and stenting in the management of carotid
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a b s t r a c t

Fibromuscular dysplasia (FMD) affecting the internal carotid artery (ICA) is considered a benign condi-
tion; however, retinal and cerebral ischemic events may occur. We present a patient with carotid FMD
presenting with a major ischemic stroke due to major embolic occlusion of the ICA in conjunction with
a hemodynamic component caused by narrowing and beading of the lumen associated with FMD. The
patient was successfully treated with intracranial stent-assisted thrombectomy followed by cervical
ICA stenting that aimed to reconstruct and angioplasty the FMD-affected arterial segment. Recently,
stent-based thrombectomy has emerged as the most effective endovascular option for the rapid
revascularization of major intracranial occlusions; however, to our knowledge, its use in a rare case of
FMD-associated major stroke has not yet been reported.

� 2014 Elsevier Ltd. All rights reserved.

rey-white matter effacement. CT angiogram confirmed occlusion
f the distal left ICA.

The patient was urgently brought to the neurointerventional
uite and general anesthesia was induced. Diagnostic angiogram
onfirmed complete ‘‘T’’ occlusion of the left ICA and showed the
‘string of beads’’ pattern preceded by a tapered luminal stenosis
hat is characteristic of FMD, but there were no signs of dissection
Fig. 1).

The distal ICA was rapidly recanalized by way of stent-based
hrombectomy, as described in a previous technical note [5].
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1. Introduction

Fibromuscular dysplasia (FMD) affecting the internal carotid
artery (ICA) is considered a benign condition, and is usually
detected incidentally [1,2]. However, it is an infrequent cause of
retinal and cerebral ischemic events and, in rare cases, of major
ischemic stroke. It most commonly occurs in middle-aged women
[1–4]. We present a patient with carotid FMD presenting with
a major ischemic stroke, successfully treated by intracranial
stent-assisted thrombectomy followed by cervical ICA stenting.
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2. Case presentation

Briefly, an 8 French balloon-tipped guiding catheter was placed
at the proximal ICA. Coaxially, a 0.02 inch microcatheter was nav-
gated across the occluded arterial segment and a self-expandable

icrostent (Solitaire, Covidien/eV3, Plymouth, MN, USA) was
eployed across the embolus and retrieved under proximal occlu-
ion and aspiration. After complete ICA recanalization was con-
rmed (Fig. 2), 300 mg of aspirin and 600 mg of clopidogrel were
dministered per nasogastric tube and the ICA segment affected
y FMD was covered by a single carotid stent to achieve angio-
raphic reconstruction of the artery (Fig. 3).

Coagulation tests performed at admission and cardiovascular
tudies at admission and on follow-up were unremarkable. No car-
A 47-year-old woman with an unremarkable medical history
except for hypertension and chronic headaches was admitted
through the emergency room 3 hours after presenting with an epi-
sode of sudden onset speech alterations and right-side hemipare-
sis. Upon admission, gaze deviation, global aphasia and dense
right hemiparesis were evident (National Institutes of Health
Stroke Scale 24). Urgent noncontrast head CT scan ruled out intra-
cranial hemorrhage but showed incipient signs of insular cortex
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dioembolic sources were detected on prolonged Holter, echocar-
diographic and tomographic cardiovascular studies. The renal
arteries were not found to be affected by FMD. The patient was
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continued on aspirin and clopidogrel therapy, and made a rapid
and uneventful neurological recovery. She was discharged home
after 7 days with only mild residual right arm paresis. At 90 days,
the patient achieved complete neurological recovery (modified
Rankin Scale score 0).

3. Discussion

FMD is a systemic arteriopathy with a predilection for the renal
arteries, followed by the cervical vessels. FMD of the extracranial
ICA is an infrequent and generally incidental finding that is usually
asymptomatic [1,2]. The prevalence of FMD is 0.5–0.7% by angiog-
raphy and in the vast majority of patients it presents a benign nat-
ural history. It usually occurs in middle-aged women and is
secondary to medial fibrodysplasia or, less commonly, intimal
fibrodysplasia. On vascular studies in patients with FMD, the ICA
may be elongated or kinked, and may show the characteristic
‘‘string of beads’’ luminal narrowing, in some cases with associated
aneurysms. Antiplatelet agents represent the cornerstone of ther-
apy in these patients. Rarely, ICA FMD can present with thrombo-
embolic or hemodynamic ischemic events, spontaneous or
posttraumatic dissection, aneurysmal degeneration, or intracranial
hemorrhage [6]. Transient ischemic attack or stroke are uncom-
mon, but may occur due to low flow or embolization of platelet
aggregates [3,4]. Major ischemic stroke may occur after a flow-
limiting complicating dissection or luminal narrowing associated

with FMD, emboli secondary to luminal irregularities or complicating
dissection, or after a combination of these mechanisms.

The presented patient debuted with a major embolic occlusion
of the ICA in conjunction with a hemodynamic component caused
by narrowing and beading of the lumen associated with FMD. The
therapeutic strategy consisted of intracranial stent-assisted throm-
bectomy using a technique comparable to the approach we have
described in more typical embolic occlusions of the intracranial
circulation, followed by cervical ICA stenting that aimed to recon-
struct and angioplasty the FMD-affected arterial segment. Percuta-
neous angioplasty has emerged as the preferred treatment for
symptomatic ischemic cerebrovascular FMD without intracranial
occlusions [7], but surgical and hybrid procedures are still prac-
ticed by different groups with acceptable results [8]. Recently,
stent-based thrombectomy has emerged as the most effective
endovascular option for the rapid revascularization of major intra-
cranial occlusions [9]; however, to our knowledge, its use in a rare
case of FMD-associated major stroke has not yet been reported.

The endovascular repair sequence chosen for this patient (that
is, intracranial thrombectomy followed by ICA stenting) is analo-
gous to the procedural sequence already proposed for the revascu-
larization of tandem middle cerebral artery and ICA occlusions
[10]. In patients with tandem occlusions, extracranial stenting is
performed before intracranial stent-based thrombectomy, and we
recommend the use of closed-cells stents (such as Wallstent,
Boston Scientific, Marlborough, MA, USA). Alternatively, the
guiding catheter should be advanced beyond the implanted stent
to reduce the risk of trapping the thrombectomy device in the
implanted carotid stent.

Fig. 1. Selective angiogram of the left common carotid artery showing complete ‘‘T’’
occlusion of the distal left internal carotid artery and demonstrating the charac-
teristic ‘‘string of beads’’ pattern, preceded by a tapered luminal stenosis, associated
with fibromuscular dysplasia. There are no signs of an associated dissection.

Fig. 2. The distal internal carotid artery was rapidly recanalized with a standard
stent-based thrombectomy procedure. Immediately afterwards, angioplasty was
performed in the fibromuscular dysplasia segment before stent implantation.
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The current patient contributes to the rapidly growing body of
evidence on the endovascular management of major ischemic

stroke using a two-step procedure, namely revascularization of
the intracranial occlusion with immediate subsequent correction
of the causative condition.
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a b s t r a c t

We describe a 4-year-old girl with acute onset headaches and transient blindness who underwent surgi-
cal intervention, chemotherapy, and radiotherapy for an intracranial mass. This mass was pathologically
confirmed as a primary intracranial ganglioneuroblastoma, a rare finding in the pediatric population. The
literature on pediatric primary intracranial ganglioneuroblastoma is reviewed.

� 2014 Elsevier Ltd. All rights reserved.
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