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Solitaire Stent Retriever Mechanical Thrombectomy in a 6-Month-Old Patient with Acute

Occlusion of the Internal Carotid Artery Terminus: Case Report
Hunter S. Futch1, Brian M. Corliss2, Adam J. Polifka2, Brian L. Hoh2, W. Christopher Fox2
-BACKGROUND: Endovascular mechanical thrombec-
tomy (MT) performed with stent retriever devices have
proven efficacious in the treatment of adult patients with
acute cerebral ischemia resulting from large-vessel
occlusion. Recently, reports describing the use of MT in
pediatric large-vessel occlusion have increased. However,
these case reports are generally limited to older children
and teenagers.

-CASE DESCRIPTION: We report the use of a Solitaire
(Medtronic, Minneapolis, Minnesota, USA) stent retriever
for thrombectomy and revascularization of the right middle
cerebral artery) in a 6-month-old patient.

-CONCLUSIONS: To our knowledge, this is the youngest
patient reported to be treated with MT using a stent
retriever. This case adds to the growing literature that
supports the use of MT as a stroke intervention in pediatric
patients.
INTRODUCTION
tent retrievers have changed the stroke treatment para-
digm. These devices allow neurointerventionalists to
Squickly retrieve an arterial thrombus and restore blood flow

to brain at risk of permanent ischemia. The use of stent-retrievers
has significantly increased the odds of attaining an independent
functional outcome following large-vessel occlusion when
compared with intravenous thrombolytic therapy alone,1-5 and the
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ACA: Anterior cerebral artery
DAC: Distal access catheter
ICA: Internal carotid artery
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use of stent-retrievers in concert with tissue plasminogen activator
is now a Level I treatment recommendation for eligible adult
patients presenting with acute stroke.6 Although there are no
current guidelines for the use of stent-retrievers in pediatric
patients, similar interventional techniques have been described for
the treatment of pediatric ischemic stroke.7 As the result of low
case volume and the heterogeneity of the disease, the literature
concerning pediatric endovascular mechanical thrombectomy
(MT) and other interventional stroke treatments remains in its
infancy. Although these obstacles make the establishment of
official guidelines challenging, thus far reports detailing MT for
ischemic events in children are quite positive.8 In this report,
we describe the use of a Solitaire device in an infant and
contribute to the evidence that MT devices may be deployed
successfully in young patients.

CASE REPORT

A 6-month-old male patient presented with eye movement
abnormalities and was diagnosed with a suprasellar lesion on
magnetic resonance imaging (MRI) (Figure 1AeB). During
stereotactic biopsy for this lesion, bleeding through the cannula
was reported, which was controlled via irrigation. Postoperative
computed tomography (Figure 1C) was unremarkable. Tissue
diagnosis revealed pilocytic astrocytoma. He was discharged
from the hospital uneventfully.
Three weeks later, the patient was brought to an outside hospital

emergency department with seizures. Computed tomography and
subsequent MRI obtained after transfer to our institution revealed
subarachnoid hemorrhage in the interhemispheric fissure and
subacute infarction in the right anterior cerebral artery (ACA) ter-
ritory and caudate (Figure 2AeB). Magnetic resonance angiography
revealed pseudoaneurysm at the right A1 segment and another
MRI: Magnetic resonance imaging
MT: Mechanical thrombectomy
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Figure 1. (AeB) Magnetic resonance imaging reveals a hypothalamic mass
in 6-month-old male who presented with nystagmus. Bleeding through the
cannula was reported during stereotactic biopsy of the lesion, which was

controlled via irrigation. (C) Postoperative computed tomography was
unremarkable.
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involving the right A1e2 junction. Catheter angiography was
recommended to further delineate the pseudoaneurysms
(Figure 3AeB) and likely proceed with endovascular treatment.
The authors of this report did not perform the patient’s brain
biopsy, but per the operative report indicating brisk bleeding via
the biopsy canula, as well as his subsequent presentation, the
etiology of the pseudoaneurysms was most likely iatrogenic.
The right A1eA2 junction aneurysm was approached from the

left side, as this provided optimal access to the neck of the
aneurysm. After initial angiography, a 3.3-French guide catheter
was placed into the left internal carotid artery (ICA) under road-
map guidance. An Echelon 10 (Medtronic, Minneapolis,
Figure 2. (AeB) Axial computed tomography scan at
the time of admission demonstrated subarachnoid
hemorrhage in the interhemispheric fissure and

e2 www.SCIENCEDIRECT.com WORLD NE
Minnesota, USA) microcatheter and a Synchro 10 (Stryker, Free-
mont, California, USA) microwire were used to navigate into the
left A1 segment, across the anterior communicating artery, and
into the pseudoaneurysm. Four coils were then placed and the
microcatheter was removed. Follow-up angiography revealed
obliteration of the A1eA2 junction aneurysm and baseline filling
through the parent vessels (Figure 3C).
We then transitioned to treatment of the right A1 pseudoa-

neurysm. The 3.3-French guide catheter was replaced with a
4-French Berenstein catheter, placed in the right ICA, to improve
visualization of follow-up angiography around the microcatheter.
A Prowler 10 (Codman Neurovascular, Miami Lakes, Florida, USA)
suprasellar cistern. Additionally, hypodensity of the
caudate head was observed, consistent with infarction
of the recurrent artery of Heubner.
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Figure 3. (AeB) Catheter angiogram revealed 2 pseudoaneurysms
(arrows). The distal aneurysm appears to originate near the right A1eA2
junction and the origin of the recurrent artery of Heubner; vessel trauma in
this area likely led to infarction seen on the pre-embolization computed
tomography, as well as the pseudoaneurysm. (C) Endovascular coiling of

the pseudoaneurysm located on the right A1eA2 junction (arrow) is
accomplished via the left internal carotid artery (ICA), with patency of
parent vessel maintained. (D) Postcoiling angiogram of the proximal right
A1 pseudoaneurysm reveals cutoff at the ICA terminus (arrow). Increased
flow through the posterior communicating artery is seen.
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microcatheter and Synchro 10 microwire were used to catheterize
the aneurysm. Three coils were placed. Follow-up angiography
revealed obliteration of the aneurysm. The microcatheter was
removed and final follow-up angiography from the right ICA po-
sition revealed thrombus at the ICA terminus (Figure 3D) and no
filling of the right middle cerebral artery (MCA) or ACA.
At the time of this case at our institution, we did not routinely

heparinize patients before embolization of ruptured aneurysms—
heparinization was usually reserved until after the dome of the
aneurysm had been protected to avoid re-rupture. We felt this
Figure 4. (A) Deployment of a Solitaire FR (4 � 20-mm) stent retriever
allowed for complete revascularization of the middle cerebral artery (MCA)
(arrow). (B) Delayed follow-up angiography demonstrated rethrombosis of

WORLD NEUROSURGERY-: e1-e7, - 2019
prudent in this case, given the very high risk of rupture for dis-
secting aneurysms. In addition, we were concerned about
inducing supratherapeutic anticoagulation, given the heparin in
the saline administered through the catheters (a reduced
amount—0.03 units/kg/cc—compared with the typical 2 units/cc
in adults) and the patient’s very small size. Once thrombosis was
identified, the patient was loaded with heparin according to
weight, and the activated clotting time was monitored to achieve a
value 2� normal. Attempts were made to disrupt the thrombus
using the microwire/microcatheter in place. We elected not to
the MCA (arrow). (C) After a second Solitaire stent retriever deployment,
the MCA remained patent (arrow).
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treat with an intravenous glycoprotein IIb/IIIa receptor antagonist
such as abciximab, given the patient’s recent hemorrhage as well
as the uncertain effects of this medication in a very young patient.
The 4-French Berenstein guide catheter was then exchanged for an
038 distal access catheter (DAC) in preparation for MT. The
microwire and microcatheter were navigated past the thrombus
into the MCA, followed by the DAC. A Solitaire 4 � 20-mm stent
retriever (Medtronic, Minneapolis, Minnesota, USA) was loaded
through the DAC and the stent was successfully unsheathed. The
stent was left in place for 5 minutes and then withdrawn into the
guide catheter under constant aspiration. Follow-up angiography
revealed Thrombolysis In Cerebral Infarction 3 revascularization of
the right MCA distribution (Figure 4A). However, the right A1
segment remained without filling.
After 5 minutes, follow-up angiogram showed re-thrombosis of

the right MCA segment (Figure 4B). A Prowler Select Plus and a
Figure 5. (AeB) Postembolization MRI demonstrates
scattered infarction in both the anterior cerebral artery

e4 www.SCIENCEDIRECT.com WORLD NE
Synchro 2 standard microwire were then advanced through the
distal access catheter to cross the area of thrombosis. The
Solitaire 4 � 20-mm stent was redeployed and left in place for
5 minutes. The stent was then recaptured and removed under
constant aspiration. Follow-up angiography revealed Thrombol-
ysis In Cerebral Infarction 2B recanalization of the MCA territory.
Slow filling was seen in the right anterior temporal artery, and a
second follow-up angiogram showed loss of the anterior temporal
artery (Figure 4C). However, the M1, M2, and distal MCA
circulation remained patent. We performed an additional
delayed angiogram to ensure there was no re-thrombosis, and at
this point, the procedure was terminated.
Postoperatively, the patient experienced left hemiparesis and

seizures, which were controlled with medication. A postoperative
MRI showed scattered infarction in the MCA and ACA territories
on the right side (Figure 5AeB). His hemiparesis improved
and middle cerebral artery territories on the right,
including the motor cortex and internal capsule.
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significantly over 2 weeks. His tumor was treated with carboplatin
and vincristine chemotherapy and 2 years after thrombectomy, he
is doing well clinically with symmetric upper and lower extremity
strength and no recurrence of tumor or pseudoaneurysm. MRI at
the 2-year follow-up showed generalized cortical atrophy in the
right ICA territory, whereas magnetic resonance angiography at
this time demonstrated patency of the right MCA and ACA, with
no recanalization of either pseudoaneurysm (Figure 6AeB).
DISCUSSION

Pediatric cerebral ischemia is rare and usually secondary to
underlying conditions predisposing to arterial thrombosis, such as
sickle cell disease, or iatrogenic and related to therapeutic car-
diovascular interventions, especially in the setting of left ventric-
ular assist devices, extracorporeal membrane oxygenation, or
cardiopulmonary bypass procedures. The rarity of spontaneous
ischemic stroke in children, combined with the relative difficulty
in diagnosis of the disease in very young patients, makes studying
stroke in large case series or in randomized trials challenging. As
such, the American Heart Association guidelines on the use of
intravenous thrombolysis for arterial stroke generally recommend
against its use outside of clinical trials.7 These now decade-old
guidelines make no specific recommendations regarding the use
of endovascular reperfusion techniques.
In 2015, multiple positive trials were published demonstrating

the efficacy of MT using a stent retriever in combination with
intravenous thrombolysis.1-5 Since then the development and
implementation of new technologies has accelerated, and out-
comes in adults presenting with stroke secondary to acute cerebral
Figure 6. (A) Long-term follow-up FLAIR magnetic
resonance imaging demonstrates generalized cortical
atrophy in the right hemisphere, gliosis of the right
frontal lobe, and ex vacuo dilatation of the right lateral
ventricle, consistent with chronic ischemic infarction of
the ICA territory. (B) Magnetic resonance angiograph 2
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large-vessel occlusion have improved. Although no such trials
including pediatric patients exist, case literature in the stent
retriever era illustrates sporadic use of this technology in children
(Table 1).9-35 These reports demonstrate the feasibility of achieving
reperfusion in pediatric patients with the off-label use of
stent-retrievers approved for use in adults.
The broad applicability of these technologies to children of all

ages, however, is unclear. In contrast to adults, children have
increased variability in terms of intracranial vessel size. The Sol-
itaire comes in 2 diameters—4.0 and 6.0 mm—and is indicated
for vessels 2.0e4.0 or 3.0e5.5 mm in diameter, respectively. In the
case presented, the 4.0 � 20-mm Solitaire was deployed from the
superior M2 segment (measuring approximately 1.5 mm) into the
ICA (measuring about 2.2 mm), both smaller than the manufac-
turer’s recommended and Food and Drug Administratione
approved indication. However, stent retrievers are highly flexible
and conformable and are frequently used off-label in adults to
perform thrombectomy of the more distal cerebral vasculature,
where the vessel may be less than 2 mm.
Presumably, the unknown of using stent retrievers in very young

patients, as well as the relatively infrequency with which this pa-
tient population is affected by stroke, are reasons why the litera-
ture on the use of these devices in very young children is limited,
whereas a larger number of cases have been reported in children
aged 9e18 years. In one retrospective review of a single-institution
series,30 the median age of patients treated was 11.8 years, with the
youngest patients (two 3-year-old patients) receiving only intra-
venous thrombolysis and not MT. Another study of pediatric
stroke patients with a mean age of 6.7 years showed a similar
trend, with older children (mean age 11 years) being more likely to
years’ postembolization demonstrates patency of the
right internal carotid artery, middle cerebral artery, and
anterior cerebral artery (ACA) (via cross-filling across
the ACA) and persistent occlusion of the right A1eACA
segment. No recanalization of either aneurysm is seen.
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Table 1. Endovascular Mechanical Thrombectomy Procedures Reported in Pediatric Patients

Study No. Patients Age Technique

Gruber et al., 20009 1 6 years Guidewire

Tsivgoulis et al., 200810 1 6 years Merci Retriever, POWERSAIL balloon

Grunwald et al., 201011 3 7, 16, 16 years Penumbra (7, 16 year-olds) Phenox (16 year-old)

Modrau et al., 201112 1 10 years Gooseneck snare

Taneja et al., 201113 1 14 years Solitaire

Alnaami et al., 201314 1 8 years Solitaire

Dubedout et al., 201315 1 7 years Capture system

Fink et al., 201316 1 11 years Solitaire

Bodey et al., 201417 4 5, 6, 10, 15 years Solitaire (5, 6, 10 year-olds), Revive (15 year-old)

Rhee et al., 201418 1 9 years Solitaire

Stidd and Lopes, 201419 1 2 years Trevo pro 14

van den Wijngaard et al., 201420 1 14 years Solitaire

Hu et al., 201421 1 9 years Solitaire

Maza et al., 201422 1 12 years Solitaire

Shaikh et al., 201523 1 “Pre-teenager” Solitaire

Huded et al., 201524 1 6 years Solitaire

Vega et al., 201525 1 11 years Trevo clot retrieval

Savastano et al., 201626 1 22 months Solitaire

See et al., 201627 1 6 years Capture system

Buompadre et al., 201728 1 8 years Trevo

Stowe et al., 201829 1 9 years Trevo

Tabone et al., 201730 3 4, 12, 14 years Not stated

Nicosia et al., 201731 1 23 months Solitaire

Sun et al., 201832 1 9 months Solitaire

Bigi et al., 201833 6 7, 8, 10, 11, 14, 15 years Unspecified stent retriever

Kim et al., 201834 1 14 years Trevo

Adapted from Buompadre et al.28
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be treated with endovascular techniques.33 Given the serious
consequences of hemispheric stroke and considering the soft,
pliable nature of stent retrievers, we felt the benefit of MT
outweighed the risk of using a stent retriever in this patient.
To date, although published reports have demonstrated the

feasibility of endovascular reperfusion in pediatric patients, no
study has demonstrated superiority of any reperfusion technique
(intravenous thrombolysis, MT, intra-arterial thrombolysis)
compared with standard of care, or an increased risk of compli-
cations with these interventions. One of the major limitations of
these studies is the delay in diagnosis of stroke in pediatric
populations and therefore the low number of patients who are
candidates for reperfusion. In the present case, we demonstrate
the efficacy of Solitaire thrombectomy in a very young patient, a
rarely encountered clinical scenario, but one in which use of this
e6 www.SCIENCEDIRECT.com WORLD NE
technique may greatly reduce the risk of permanent neurologic
morbidity or mortality.
In summary, this case report demonstrates the safe use of a

Solitaire stent retriever in a 6-month-old patient, to our knowledge
the youngest patient yet reported to have undergone MT. It is
appropriate for neuroendovascular surgeons to be conservative in
the adoption of MT using stent retrievers designed for adults in
pediatric patients. However, over the last decade a compilation of
case reports has revealed that MT devices may be a safe option in
children, particularly when the alternative of completed stroke has
significant long-term consequences. A small but growing body of
literature exists describing MT in the pediatric setting (Table 1).9-36

An analysis of 68 published cases of acute ischemic stroke in
patients <18 years old found that MT significantly increased rates
of recanalization and good outcome.8 The nature of pediatric
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.03.038
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stroke and the current literature makes creating definitive
treatment guidelines challenging. However, Solitaire MT may be
WORLD NEUROSURGERY-: e1-e7, - 2019
performed safely in very young patients, reducing the risk of
permanent neurologic deficit after large-vessel occlusion.
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