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Abstract Purpose Rapid and effective revascularization is very important in the treatment of
acute ischemic stroke (AIS). Endovascular treatment is a promising modality in the
management of AIS in young patients.
Methods We evaluated the clinical and imaging records in 14 patients younger than
18 years presenting within 6 hours of AIS. They received endovascular therapy (ET)
either by mechanical thrombectomy, thromboaspiration, or both (Solumbra) between
July 2017 and June 2021. The National Institute of Health Stroke Scale (NIHSS) score
was calculated on admission and before the discharge of all patients. The 90-day
modified Rankin Scale (mRS) score on disability-free outcome was also evaluated.
Results The mean preprocedure NIHSS score was 10.78�2.11 that improved to
4.5�1.88 after the procedure. Thrombolysis in cerebral infarction (TICI) grade 2b and
3 blood flow could be established in 12 (85.72%) patients. One patient had TICI 2a flow
and one patient had recurrent occlusion despite repeated recanalization (TICI grade 0).
The disability-free outcome, mRS score at 90 days was 0 to 1 in 12 (85.72%) patients,
mRS score 2 in one (7.14%) patient, and mRS score 3 in one patient (7.14%). We did not
have any major complication related to the procedure.
Conclusion ET provides high rates of arterial recanalization and favorable disability-
free outcomes in young patients with AIS.
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Introduction

Strokes are one of the preeminent causes of disability and
death worldwide and are a significant health burden. In
India, the cumulative incidence of stroke ranges from 105
to 152per 100,000 populationper year. The crude prevalence
of stroke ranges from 44.29 to 559 per 100,000 population in
different parts of our country.1 It is estimated that 41% of all
deaths due to noncommunicable diseases are due to stroke.
Stroke is responsible for 72% of the disability-adjusted life
years.2

Stroke can occur in teenagers, children, and newborns.
The risk of stroke in children is most significant in the first
year of life. Strokes remain among the top 10 causes of death
in children. A stroke happens in approximately 1 in 4,000 live
births. The risk of stroke from birth through age 18 years is
almost 11 in 100,000 children per year. Diagnosis of stroke in
this population is highly challenging because approximately
50% of children afflicted have no known vascular risk factor.3

Common risk factors for stroke in children include sickle cell
disease, clotting disorders, congenital heart defects, immune
disorders, arterial diseases, focal cerebral arteriopathy (one
of themost common causes of large vessel occlusion [LVO] in
previously healthy children), head or neck trauma, pre-
eclampsia, and eclampsia in the mother.

Intracranial artery occlusion accounts for approximately
80% of all acute ischemic strokes (AISs) and usuallymanifests
as focal neurologic deficits. Prompt revascularization using
recombinant tissue plasminogen activator (t-PA) is themain-
stay for the treatment of AIS.4 However, revascularization
rates are often suboptimal, especially in the internal carotid
artery and middle cerebral artery (MCA) occlusions (LVO).5

Furthermore, delayed patient presentation due to poor
awareness of stroke makes the patient ineligible for intrave-
nous thrombolysis.4

Alternative recanalizing approaches such as endovascular
therapy (ET) are helpful in these situations. ET has been tried
for many years and has been progressively gaining favor in
the management of AIS. There has been a notable transition
from intra-arterial thrombolysis using drugs such as prour-
okinase to more advanced procedures such as mechanical
thrombectomy (MT) using devices to remove the thrombus.6

In 2015 and 2016, six randomized controlled trials fo-
cused on the endovascular treatment of AIS patients caused
by LVO were published in Lancet Neurology and The New
England Journal of Medicine. All these trials favor thrombec-
tomy for AIS patients with LVO, which can significantly
improve patients’ 90-day outcomes.

1. THRACE: Mechanical thrombectomy after intravenous
alteplase versus alteplase alone after stroke.

2. MR CLEAN: A multicenter randomized clinical trial of
endovascular treatment for acute ischemic stroke in the
Netherlands.

3. ESCAPE: Randomized assessment of rapid endovascular
treatment of ischemic stroke.

4. SWIFT PRIME: Solitaire with the intention for thrombec-
tomy as primary endovascular treatment.

5. REVASCAT: Endovascular revascularization with Solitaire
device versus best medical therapy in anterior circulation
stroke within 8 hours.

6. EXTEND-IA: Endovascular therapy for ischemic stroke
with perfusion-imaging studies.

The data on the efficacy and safety of endovascular
treatment for AIS in adults are promising. However, the
data on these AIS interventions in patients younger than
18 years is limited.6–14

Materials and Methods

All participating centers have obtained ethical approval for
the study. We evaluated the medical records of patients
younger than 18 years, with a diagnosis of AIS presenting
within 6 hours of onset, who underwent ET for AIS between
July 2017 and June 2021. All clinical parameters including
presenting signs and symptoms, imaging, National Institute
of Health Stroke Scale (NIHSS) scores were studied. Clinical
outcomes, discharge summaries, and follow-up modified
Rankin Scale (mRS) score at 90 days were recorded.

We excluded stroke mimics like Todd’s paralysis after a
seizure, complex migraine, pseudoseizures, and conversion
disorders. Computed tomography (CT) brain with CT angio-
gram or magnetic resonance imaging of the brain, including
diffusion, apparent diffusion coefficient, fluid-attenuated
inversion recovery, and susceptibility, and magnetic reso-
nance angiogram of the neck and cerebral vessels were done.

Relevant blood investigations, including complete blood
count, renal function test, liver function test, and coagulation
profile, were done and shifted the patients to an angiograph-
ic suite for a cerebral angiogram and possible endovascular
treatment. Patients were given detailed information about
the endovascular treatment options, including their possi-
ble outcomes and complications before initiating the treat-
ment. Consent for the procedure was obtained from the
parent or guardian. ET (MT/thromboaspiration [TA]) was
done.

Mechanical Thrombectomy
A cerebral angiogram was done from the right transfemoral
arterial approach after securing a 6F short sheath. An angio-
gram of both the internal carotid artery and the vertebral
artery was done. The occluded vessel was cannulated with a
6F guiding catheter (Cordis Inc.), and an angiogramwas done
(►Fig. 1). The thrombus was crossed with a microcatheter,
Rebar 0.27 (Medtronics Inc.), the wire was removed, and a
4�20mm Solitaire (Medtronics Inc.) or a 4�30mm Trevo
(Stryker Neurovascular Inc.) was fully deployed across the
thrombus. The stent was left open for 5minutes. The distal
flow was established. The stent was removed with simulta-
neous aspiration from the side port of the Y-connector at the
guiding catheter hub. A check angiogram was performed to
check the flow in the occluded vessel (►Fig. 2). If suboptimal
recanalization was seen, the procedure was repeated. In
some patients, a combination of aspiration and stent
retriever (Solumbra) was used.
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Thromboaspiration
Standard procedure for cerebral angiogram was followed.
The occluded vessel was cannulated. A 6F long sheath (Cook
Medical) was placed in the proximal course of the vessel. An
angiogram was performed (►Fig. 3). A 6F CT aspiration
catheter (Stryker Neurovascular Inc.) with 5.4F distal lumen
was navigatedwith an SL10microcatheter and Synchro 0.014
wire (Stryker Neurovascular Inc.) inside the lumen of CAT6.
The thrombus was crossed with SL10 and Synchro. The
aspiration catheter was placed at the proximal end of the
thrombus. The SL10 and Synchro were removed, and aspira-
tion was performed with an aspiration pump. Simultaneous
aspiration was performed from the side port of the 7F long

sheath. Check angiogramwas performed to check the flow in
the occluded vessel (►Fig. 4). If suboptimal recanalization
was seen, the procedure was repeated. In some patients,
Solumbra was used.

The patient was shifted to the acute stroke care unit for
further management. Investigations including thrombo-
philia profile, sickling test, homocysteine levels, and proteins
C and S deficiency were done to evaluate the cause for stroke
in young.

All data were entered electronically and presented as
mean and standard deviation for continuous variables. We
performed statistical analysis using SPSS software 20.0
(Statistical Package for the Social Sciences; IBM Corp.).

Results

Fourteen patients out of whomnineweremale, ranging from
6 to 17 years (mean age 11.64 years), were included in this

Fig. 2 Postthrombectomy angiogram demonstrating complete re-
canalization of the middle cerebral artery (MCA)-M1.

Fig. 3 Anteroposterior (AP) view of cerebral angiogram in an acute
ischemic stroke (AIS) patient, demonstrating occlusion of left middle
cerebral artery (MCA)-M1. Red arrow: Site of occlusion.

Fig. 4 Anteroposterior (AP) view of the cerebral angiogram of the
same patient after thromboaspiration showing complete recanaliza-
tion of the middle cerebral artery (MCA).

Fig. 1 Cerebral angiogram of the patient showing occlusion of right
middle cerebral artery (MCA) M1.
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study. The demographic characters and the treatment details
are summarized in ►Table 1.

The mean NIHSS scores improved from 10.78�2.11 be-
fore the procedure to 4.5�1.88 after the procedure. Revas-
cularization (thrombolysis in cerebral infarction [TICI] flow
2b and 3) following the ET procedure was established in 12
patients. A TICI grade 2a blood flow was established in one
patient. One patient had recurrent occlusion despite recana-
lization (TICI grade 0).

Discussion

Treatment for pediatric stroke should focus on early recana-
lization followed by treating the specific cause. For children
younger than 18 years, t-PA is controversial and currently
limited to clinical trials. Further studies on the safety and
benefits of this treatment are necessary. However, the endo-
vascular stroke treatment is getting safer and effective and
must be explored for its role in treatment in pediatric stroke.

Currently, pediatric stroke management is limited to
controlling blood pressure, maintaining normal body tem-
perature, proper hydration, normal blood sugar levels, treat-
ing seizures, and transfusing blood for sickle cell patients.
However, in pediatric stroke patients with LVO, we offered
endovascular treatment for early recanalization.

The clinical outcomes following pediatric AIS are poor,
with devastating effects on the child and their prospects. A
sizable portion of the patients develops long-lasting neuro-
logical issues such as epilepsy, behavioral problems, motor
dysfunction, speech and language impairments, deficits in
attention, complex cognitive skills, executive function, work-
ing memory, and processing speed.

Endovascular treatment of AIS in large artery occlusion in
the proximal anterior circulation with second-generation
MT devices is safe and effective for reducing disability.15–18

Five multicenter, open-label randomized controlled trials
(MR CLEAN,19 ESCAPE,5 SWIFT PRIME,20 EXTEND-IA,21 and
REVASCAT22) demonstrate the efficacy of endovascular
treatment. MT was beneficial across various patient sub-
groups, including patients aged 80 years or older, high initial
stroke severity, and those not treated with intravenous
alteplase. Though many studies have explored the stroke
profile and management outcomes in adult patients, pediat-
ric stroke remains an underrecognized entity despite being
an important cause of lifelong disability. Recanalization is an
essential indicator of therapeutic benefit in the early-phase
thrombolytic treatment with a strong positive correlation
with improved functional outcomes and reduced mortality
in the management of AIS in adults and children.12

In younger children, a concern may be that the usage of
ET devices may not be appropriate for the pediatric intra-
cranial arterial architecture because of size issues. Howev-
er, it has been shown that the cranial growth is rapid
during the early years of life and then slows markedly
with virtually complete growth by the age of 6 years, and
85% of growth is complete by the age of 5.23 Similarly, by
the age of 4 years, the intracranial arteries have reached 81
to 99% of their adult diameters with 87% of the MCA
diameter reached by 6 months of age.24 Therefore, from a
practical point of view, these procedures in children aged 4
to 5 years and older require only a slight change, such as
using smaller guide catheters, and should not pose a
significant challenge for experienced interventional
neuroradiologists.25,26

Table 1 Demographic characteristics and treatment details of patients

Patient no. Age (y) Sex Vessel
occluded

Recanalizing
technique used

Window
period (in h)

NIHSS at
presentation
(before ET)

NIHSS at
the time
of discharge
(after ET)

mRS at 90 d

1 6 F MCA MT 3 14 5 0

2 12 M ICA MT 5 12 9 3

3 14 F MCA Solumbra 6 9 2 0

4 15 M MCA TA 4.5 15 6 2

5 17 M ICA TA 3.5 10 2 0

6 16 M ICA MT 5 8 4 0

7 11 F MCA MT 4 11 5 0

8 11 M MCA MT 3 9 4 0

9 8 M MCA TA 2.5 10 4 0

10 9 M MCA Solumbra 3 8 3 0

11 7 M MCA MT 4 9 6 1

12 13 F ICA TA 3 12 5 1

13 15 M ICA MT 5 11 2 0

14 9 F MCA Solumbra 4.5 13 6 1

Abbreviations: ET, endovascular therapy; F, female; ICA, internal carotid artery; M, male; MCA, middle cerebral artery; mRS, modified Rankin Scale;
MT, mechanical thrombectomy; NIHSS, National Institute of Health Stroke Scale; TA, thromboaspiration.
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Though there are no large-scale case-controlled trials or
safety studies, there is a heap of information in the form of
well-reported case reports and series suggesting that selec-
tive pediatric patients may benefit significantly from ET.
Barry et al reported that a well-versed multidisciplinary
team could contribute to improved outcomes using ET.27 A
systematic retrospective review by Bhatia et al revealed that
90.6% hadgood long-termneurological outcomes (mRS score
0–2). Out of 110 pediatric patients, symptomatic intracranial
hemorrhage and death occurred in 1 and 2 patients, respec-
tively.28 In a series of five cases published by Bhatia et al, mRS
scores of 0 to 1 were achievable in all the patients with no
periprocedural complications.28 Similarly, a retrospective
study of 12 children by Sporns et al across three German
tertiary care stroke centers declared good neurological out-
comeswith no complications in the treated patients.29 These
findings are comparable to ours and once again emphasize
the usefulness of ET, particularly thrombectomy.

In an institutional review by Cappellari et al, the favorable
outcomes of primary MT were superior to secondary MT
(69% vs. 43%).30

In contrast, Fragata et al noticed improvements in only
57% of the subjects.31 In the study by Sun et al, of 11 children
aged below5 years, favorable outcomeswere achieved in 64%
of the patients.32 The reasons for these observations could be
the time lag in the initiation of treatment and the relatively
younger age of the participants.31,32 These findings once
again reinforce our belief that early treatment and increasing
age of the child (whose intracranial vasculature more closely
resembles the adult, thereby providing a sense of familiarity
and using standard equipment) are indicators for favorable
neurological outcomes.

MT can be associatedwith access site hematoma, pseudoa-
neurysm, arterial perforation, and arterial dissection.5,20–22

Vasospasm is uncommonly seen during thrombectomy or TA.
It is treated with intraprocedural, intra-arterial nimodipine
infusion. However, endovascular treatment is not associated
with increased rates of symptomatic intracranial hemorrhage
or mortality. In a meta-analysis of five trials, with pooled
patient-level data for 1,287 patients, there was no significant
difference between the intervention population and control
population for 90-day symptomatic intracranial hemorrhage
(4.4% vs. 4.3%) or mortality (15% vs. 19%).33

A case series reported that the application of conventional
techniques and equipment developed for adults can be used
in children as young as 5 years and that their mRS scores at
90 days after the procedure improved significantly.9,10

In our study of six patients, the recanalization rates are
reasonable. NIHSS and mRS have improved significantly
postrecanalization. One patient had recurrent occlusion,
and we treated him successfully.

After early recovery from stroke, all patients were evalu-
ated to determine the risk factor for stroke in young. They
underwent a sickling test, coagulation profile and two-
dimensional echocardiography.

A detailed family history of stroke and cerebrovascular
disease was taken. We found proteins C and S deficiency in
two patients. One patient had sickle cell disease. After the ET,

we treated the patients and followed according to their risk
profile.

ET in children with AIS is safe and efficacious and can
result in high rates of successful recanalization. In addition,
there was a remarkable improvement in these patients’
outcomes, implying that endovascular procedures positively
impact the functional outcome of these patients. However,
thesefindings need to be tested in amore significant number
of patients.

Conclusion

Endovascular techniques includingMT, intra-arterial throm-
bolysis, and TA are safe and efficacious for achieving recana-
lization in patients younger than 18 years with AIS. These
procedures also can extend the window period for treat-
ment. However, further large-scale interventional studies
are required for the confirmation of thefindings in this study.

Ethical Approval
All participating centers have obtained ethical approval
for the studies.
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