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Carotid Artery Aneurysms
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-OBJECTIVE: To describe a case of an adult female Filipino with hyper-
eosinophilia and bilateral carotid artery aneurysms who subsequently devel-
oped bilateral cerebral hemisphere strokes following aneurysm stenting.

-CASE DESCRIPTION: A 57-year-old female patient with persistent hyper-
eosinophilia presented with progressively enlarging bilateral neck masses,
revealed to be carotid artery aneurysms on computed tomography angiography.
Following surgical exploration, she later developed right-sided hemiplegia,
aphasia, and right hemianopia. Cranial computed tomography revealed infarcts
on both middle cerebral artery territories. Bone marrow biopsy and fluorescent
in situ hybridization revealed findings suggestive of hypereosinophilic syn-
drome. She was started on standard aspirin and statin therapy and was dis-
charged sixteen days after the procedure. Partial improvement of neurologic
deficits was noted two months later on follow up. Chemotherapy with imatinib
was initiated.

-CONCLUSIONS: This patient’s prothrombotic state from FIP1L1-PDGFRAe
positive hypereosinophilia may have led to large carotid artery aneurysm for-
mation and intramural thrombosis. This case demonstrates a possible and
heretofore undocumented neurovascular sequela of hypereosinophilic
syndrome.
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INTRODUCTION

Hypereosinophilic syndrome (HES) is a
rare condition with protean manifesta-
tions classically defined by elevated
eosinophil counts greater than 1500/mm3

for more than 6 months that is associated
with presumptive end-organ involvement
in the absence of evidence for typical
causes of eosinophilia such as parasitism
or allergies.1 The central nervous system
has been implicated as a potential site of
organ damage, presenting with ischemic
stroke.2 Vascular abnormalities such as
aneurysms also have been documented to
complicate HES.3 To date, however, no
cases of HES associated with carotid
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aneurysms have been reported.
Treatment of such aneurysms includes
endovascular stent placement, which
carries a 30-day stroke risk of 5.16%.4

Bilateral hemisphere strokes following
stenting are rare complications and have
not as of yet been documented in
literature.
In this report, we describe a case of an

adult Filipino female with hyper-
eosinophilia and bilateral carotid artery
aneurysms who subsequently developed
bilateral cerebral hemisphere strokes
following aneurysm stenting.
CASE DESCRIPTION

A 57-year-old right-handed non-atopic
adult female Filipino initially presented at
the outpatient clinics with a 1-year history
of gradually enlarging bilateral
pulsatile neck masses, larger on the left
with associated generalized pruritus
020 www.journal
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(Figure 1A-B). The progressive
enlargement of these masses prompted
her to seek a consultation at a tertiary
hospital, upon which imaging and
possible biopsy of the masses were
planned. At the time, no neurologic
deficits were noted. She also had
hypertension controlled by medications.
Her family medical and personal social
history were both unremarkable.
Computed tomography (CT) angiog-

raphy of the neck showed 3 sacculofusi-
form tortuous aneurysms arising from the
cervical segments of both internal carotid
arteries (2 on the left). The largest
aneurysm at the carotid bifurcation on the
left side measured 47 mm in the greatest
dimension. A mural thrombus measuring
16 mm was visualized within this aneu-
rysm (Figure 1C). A catheter angiogram
further delineated the anatomy of the
aneurysms (Figure1DeE). Screening for
other aneurysms with cranial, chest, and
s.elsevier.com/world-neurosurgery 1
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Figure 1. Among the 3 identified carotid artery aneurysms, the proximal left
carotid artery aneurysm is the largest one. (A) Lateral view. (B)
Anteroposterior view demonstrating the prominent neck mass created by
the left internal carotid artery aneurysm. (C) Computed tomography scan of
the carotids on axial view demonstrates the large unfilled portion of the
aneurysm representing a large mural thrombus (white arrow) (D) Catheter
angiography lateral view of the right carotid artery aneurysm measuring 21
mm � 34 mm � 18 mm involving the distal common carotid and proximal
regions of both external and internal carotid arteries. (E) Anteroposterior
view of the left internal carotid artery aneurysms. The more proximal larger
aneurysm (white arrow) measures 51 mm � 4.1 mm � 30 mm and involves
the distal common carotid and proximal regions of both external and internal
carotid arteries whereas the smaller distal aneurysm (arrowhead) measures

12 mm � 21 mm � 9.1 mm and involves the mid-cervical segment of the
left internal carotid artery. (F) The final run showing well-apposed stents and
demonstrating absence of filling of the proximal left internal carotid artery
aneurysm. (G) Hypodensities on both middle cerebral artery territories are
seen at the left frontoparietal area (white arrow) and the right frontal area
(arrowhead). (H) Bone marrow core shows a hypercellular marrow for age,
with 80%e90% cellularity (160� magnification, hematoxylin and eosin
[H&E]) Bar ¼ 200 mm. (I) Bone marrow aspirate smears show
erythrogranulopoiesis with maturation and presence of clusters of
eosinophils (*) (160� magnification, H&E) bar ¼ 200 mm. (J) The marrow is
cellular and polymorphous with clusters of eosinophils (*) seen comprising
15%e20% of the total cell population (400� magnification).

Table 1. Serial Complete Blood Counts Showing Persistently Elevated Eosinophils

Cells Unit May 15 Sep 6 Sep 23 Oct 15 Oct 23 Oct 25 Oct 27

WBC 109/L 14.30 19.9 19.50 17.80 13.8 13.7 14.4

Eos 0.55 0.68 0.64 0.55 0.24 0.32 0.34

AEC 109/L 7.87 13.5 12.48 9.79 3.312 4.384 4.896

AEC cells/mm3 7870 13500 12480 9790 3312 4384 4896

WBC, white blood cells; Eos, eosinophils; AEC, absolute eosinophil count.
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abdominal CT angiography were negative.
Persistently elevated eosinophil levels as
high as 13,500/mm3 were found with
repeat testing (Table 1). Stool
examination for intestinal parasitism and
workup for autoimmune processes viz.
antinuclear antibody and antineutrophil
cytoplasmic antibody all yielded negative
results. Because of the high risk of
ischemic stroke associated with large
thrombus-filled carotid artery aneurysm,
a stenting procedure was planned for the
largest aneurysm.
The patient underwent surgical explo-

ration of the left neck to isolate and ligate
and the external carotid arteries to prevent
an endovascular leak from this vessel after
stent deployment. Unfortunately, the
external carotid artery could not be
2 www.SCIENCEDIRECT.com
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isolated. After a difficult navigation
through the patient’s aortic arch with an 8-
French Berenstein diagnostic catheter, 2
overlapping covered stents (6 mm � 59
mm Atrium Advanta V12; Getinge, Goth-
enburg, Sweden) were sequentially
deployed at 8 atm (6 mm) across the neck
WORLD NEUROSURGERY, http
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of the larger aneurysm on the left. An
angiogram done confirmed adequate
placement of the stents and excluded any
endovascular leaks. An open procedure
with the goal of decreasing the aneurysm
size with thrombus removal and aneurysm
wall biopsy was attempted. However,
s://doi.org/10.1016/j.wneu.2020.04.119
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during this maneuver, the installed stents
were inadvertently displaced, resulting in
recurrent filling of the aneurysm in a
subsequent angiogram. A balloon was
brought up into the stent and inflated to
improve apposition to the vessel wall. A
repeat angiogram confirmed the absence
of an endovascular leak (Figure 1F). The
plan for thrombus removal and vessel
wall biopsy was aborted.
Thirty-five minutes after the procedure,

after emerging from anesthesia, the
patient presented with aphasia, right
homonymous hemianopia, and right
hemiplegia. An urgent noncontrast cranial
CT scan done ruled out a hemorrhage.
Thrombolysis was not considered because
of the surgical exploration that was done
on the aneurysm. Because of the lack of
endovascular thrombectomy capability in
our institution, a cranial CT angiography
was no longer pursued. A follow-up cra-
nial CT scan done the next day revealed
infarcts on both middle cerebral artery
territories, the involvement of the left
being more extensive than the right
(Figure 2D). Subsequent stroke workups
with transthoracic echocardiography and
transcranial Doppler ultrasound revealed
unremarkable findings. She was started on
aspirin and statin therapy.
Persistent leukocytosis and eosinophilia

on complete blood count prompted referral
to the Hematology service. Hyper-
eosinophilic syndrome was considered due
to the presence of organ involvement. Bone
marrow aspiration biopsy revealed a
hypercellular marrow for age with clusters
and sheets of eosinophilia seen with eo-
sinophils comprising 15%e20%of the total
cell population (Figure 1HeJ).
Fluorescence in situ hybridization
identified CHIC2 gene deletion found on
the FIP1L1 gene at chromosome 4q12.
Sixteen days after her procedure, the
patient was discharged with a modified
Rankin Scale score of 4. She was last seen
2 months after discharge with partial
improvement of her language and motor
deficits but still had a modified Rankin
Scale score of 4. Imatinib 400 mg was
initiated in the clinic and a decrease in
severity of pruritus was observed (Table 1).
Unfortunately, the patient was eventually
lost to follow-up despite the team’s best
efforts to locate her.
WORLD NEUROSURGERY-: ---, MONTH 2
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DISCUSSION

The case describes a patient who fulfills
both the classic criteria for HES and the
proposed new definition, which accepts a
shorter (1 month < 6 months) interval be-
tween repeat eosinophil count testing.1,5

The diagnosis is further bolstered by
prominent eosinophilia on bone marrow
biopsy and the presence of the CHIC2
deletion on fluorescence in situ
hybridization. The presence of CHIC2
deletion at 4q12 results in the formation of
a tyrosine kinase fusion protein between
FIP1L1 and platelet-derived growth factor
receptor alpha (PDGFRA).6 Identification
of the fusion protein confirms the
diagnosis of a molecularly defined
primary eosinophilia or myeloproliferative
neoplasm with eosinophilia associated
with FIP1L1-PDGFRA.7 Her only other risk
factor for the development of carotid
artery aneurysms was hypertension. We
believe that given the number and size of
her aneurysms and the clonal cause for
hypereosinophilia, the vascular pathology
is unlikely to be from hypertension alone.
Before the discovery of imatinib, a re-

view of 57 cases of HES reported a median
survival of 9 months with a 3-year survival
of 12%.6 The FIP1L1-PDGFRA fusion
protein is the therapeutic target of imati-
nib, a multikinase inhibitor of PDGFRA,
PDGFRB, KIT, and ABL.8 Imatinib rapidly
induces deep molecular response in
FIP1L1-PDGFRAepositive patients
across multiple cohort studies at a dose of
100e400 mg. In the Mayo cohort, the
median survival has not been reached and
clinical outcomes remain excellent.7

A striking feature of this case was the
development of large carotid artery aneu-
rysms with mural thrombus formation. In
HES, aneurysm formation can occur from
intimal eosinophilic infiltration leading to
tissue damage and vascular wall destruc-
tion—these aneurysms have been reported
to arise in the coronary, mesenteric, and
peripheral arteries.9 The carotid arteries,
however, have not been implicated in
HES per the existent literature. HES also
has been associated with an increased
propensity for thrombosis that could
have contributed to the formation of our
patient’s 16-mm mural thrombus.10

A review on the treatment of extracra-
nial carotid artery aneurysms found an
020 www.journal
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advantage to treating these aneurysms in
terms of stroke and mortality. Indications
for surgery include large aneurysm size,
mural thrombus, aneurysm growth,
thromboembolic events, and rupture.4,11

Given the aneurysm size (51 mm) and
presence of a 16 mm mural thrombus in
our patient, we felt that a stenting
procedure was warranted for primary
stroke prevention. The occurrence of
contralateral ischemic stroke immediately
following carotid artery stent placement
is rare but has been reported.12 We
believe this complication in our case is
likely from aneurysm thrombus
disruption and subsequent embolization.
An extracranialeintracranial bypass with
ligation/trapping also could have been an
option.11 The bypass would enable us to
maintain flow in the artery whereas
ligation would have prevented the
thrombus particles from embolizing
distally. Alternatively, if the patient
passes a balloon test occlusion
procedure, an outright ligation or
balloon occlusion of the internal carotid
artery also can be considered. A flow
diverter may also be used for the smaller
more distal part of the aneurysm if it
shows changes in size and morphology
in future imaging studies.
CONCLUSIONS

In summary, the case details a possible
neurovascular sequela of HES (FIP1L1-
PDGFRAepositive hypereosinophilia)
heretofore undocumented in the existent
literature: large carotid artery aneurysms.
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