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Rare disease

Ischemic stroke can have a tremendously negative impact on the fitness and well-being of a child. Because
endovascular interventions may be of benefit in the adult stroke population, many investigators have recently
evaluated the safety and benefits of pharmacological and non-pharmacological options in the pediatric stroke
population and compared pediatric patients to their adult counterparts. Some of these trials have had prom-
ising results, showing the positive effects of endovascular treatment in children with arterial acute ischemic
stroke due to large-vessel occlusion (LVO). The 2015 American Heart Association/American Stroke Association
guidelines suggest that mechanical thrombectomy with stent retrievers may be a consideration in some pa-
tients who are younger than 18 years and have severe LVO, when treatment (groin puncture) is initiated with-
in 6 h of symptom onset. However, the method remains under-studied in this age group.

A 7-year-old girl presented with migraine-like headache, right arm and facial weakness, and expressive apha-
sia 9.5 h after symptom onset. Her PEDS-NIH stroke scale score was 4. Upon further investigations, she was
found to have a left middle cerebral artery cryptogenic stroke with a distal left M1 clot, which was success-
fully treated with mechanical thrombectomy. Huge improvement was noticed during her subsequent physical
examination.

Endovascular therapy offers an exciting treatment option for the management of pediatric stroke. The extent
of safety of mechanical thrombectomy among children who present with large-vessel occlusion over an ex-
tended time window remains unknown and warrants further investigations.

Pediatrics ¢ Stroke ¢ Thrombectomy
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Background

Acute ischemic stroke (AIS) in children is a rare medical condi-
tion. Its diagnosis and treatment can be challenging because
of the diverse range of risk factors leading to it and the lack
of clear treatment guidelines for this age group. The presen-
tation of ischemic stroke in pediatric patients can vary great-
ly and differ according to the patient’s age. For instance, chil-
dren present with acute focal neurological deficits in up to
94% of cases [1]. However, they might also present with oth-
er manifestations such as altered mental status (28% of cas-
es), headache (22%), fever (35-40%), or seizures (16%) [1].
Mackay et al. confirmed that there are often multiple risk fac-
tors of pediatric AIS, which appear to vary according to age
and geography [2]. However, the most important risk factors
associated with childhood AIS seem to be non-atherosclerot-
ic arteriopathies and cardiac disease, which was identified in
almost one-third of patients [2]. Other identified risk factors
include previous varicella zoster infection, preceding trauma,
recent infection, migraine, and anemia [3]. As in adults, com-
puted tomography (CT) in pediatric patients has low diagnostic
accuracy for posterior circulation ischemic stroke (PCIS) diag-
nosis. Magnetic resonance imaging (MRI) was often necessary
to confirm the clinical suspicion of an acute cerebrovascular
event, whereas CT could diagnose most anterior circulation
ischemic stroke cases [4]. Management of pediatric AlS is still
lacking supportive clinical evidence, making the safety and ef-
ficacy of acute pharmacological and non-pharmacological in-
terventions of AIS a hot topic of research. The use of throm-
bolytic therapy in the pediatric population is still controversial,
and randomized controlled trials have been unsuccessful in

Ghannam M. et al.:
Endovascular therapy in childhood AIS
© Am J Case Rep, 2021; 22: €926529

investigating this treatment modality. However, some studies
investigating thrombectomy in treating AIS among children
revealed promising results, which are comparable to those of
studies in the adult population.

Case Report

A 7-year-old left-handed girl presented with migraine-like
headache, right arm weakness, right facial droop, and ex-
pressive aphasia that began 9.5 h prior to presentation. Her
PEDS-NIH stroke scale score was 4 (1 for smile asymmetry, 1
for right upper extremity drift, 1 for right upper extremity sen-
sory loss, and 1 for mild aphasia). An MRI of the head con-
ducted 50 min after presentation revealed a diffusion-weight-
ed imaging (DWI) hyperintensity in the left frontal operculum.
Magnetic resonance angiography (MRA) revealed severe ste-
nosis of the left middle M1 segment and occlusion of the left
middle cerebral artery (MCA) inferior M2 branch (Figure 1). The
ASPECTS-DWI score was 8. She immediately underwent me-
chanical thrombectomy with a stent retriever (Figure 2). The
pretreatment and posttreatment thrombolysis in cerebral in-
farction scores were 0 and 2B, respectively, and door-to-groin
puncture time was 90 min. The patient’s 24-h and discharge
PEDS-NIH stroke scale was 1, for mild aphasia only. The sub-
sequent stroke workup was unremarkable and included an
echocardiography with bubble study, lipid panel, hemoglobin
Alg, lipoprotein A, hypercoagulable workup (cardiolipin an-
tibody 1gG and IgM, beta 2-glycoprotein 1 antibody IgG and
IgM, lupus anticoagulant, protein S antigen, antithrombin Il
factors 2 and 5 mutation analysis, and homocysteine), serum

Figure 1. (A) Foci of acute infarct in the left frontal operculum. (B) Poor signal in the M1 segment of the left middle cerebral artery
indicating severe stenosis and an acute cutoff of left inferior M2 division indicating occlusion.
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Figure 2. (A, B) Left internal carotid artery injection through the diagnostic catheter. There is an acute cutoff of inferior M2 division
with corresponding oligemia. (C) The microcatheter injection confirms the position of the microcatheter beyond the occlusion
of the vessel. (D, E) Post thrombectomy injection from Sophia intermediate catheter. The occluded inferior division M2
branch is now recanalized with antegrade flow and evidence of focal oligemia in the region of the angular gyrus, which is

likely related to a small occluded branch.

inflammatory markers, infectious and metabolic studies (anti-
nuclear antibody, myeloperoxidase antibody IgG, proteinase-3
antibody IgG, SSB, SSA, C-reactive protein, sedimentation rate,
HIV antigen and antibody, TSH, vitamin B12, peripheral blood
smear, complete metabolic panel and complete blood count),
and CSF studies (protein level, cell count, glucose level, Gram
stain, bacterial and fungal cultures, herpes simplex virus PCR,
varicella zoster virus PCR, varicella zoster virus IgG, Lyme I1gG
antibody, angiotensin converting enzyme, oligoclonal bands,
cytology, and flow cytometry). There was no hemorrhagic trans-
formation apparent on MRI the day after the thrombectomy.
The patient was discharged home on 81 mg of baby aspirin
once daily. At the follow-up 3 months after discharge, she was
back to her premorbid neurological baseline and the Pediatric
Stroke Outcome Measure score was 0. The patient underwent
an MRI of the brain 6 months after discharge, which revealed
stable sequelae of prior left MCA distribution infarct with mul-
tifocal small old lacunar infarcts. There was no new or acute
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intracranial abnormality. Also, the MRA of the head showed
stable, short segment M1 stenosis (Figure 3).

Discussion

Most of the clinical care guidelines for pediatric stroke cas-
es have been extrapolated from adult cases. In adults, time
to restoration of blood flow in ischemic stroke is essential for
better functional neurological outcomes [5]. Therefore, admin-
istration of recombinant tissue-type plasminogen activator (r-
tPA) to appropriate patients is currently the mainstay of acute
medical aid in ischemic stroke patients within the adult popu-
lation [6]. However, thrombolytic therapy in pediatric patients
is still controversial, and although efforts to study the safety of
tPA in patients < 18 years old in randomized controlled trials
have been made, they have not identified the medical comor-
bidities associated with pediatric stroke. The current medical
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Figure 3. (A) Diffusion-weighted imaging with no new or acute infarcts. (B) Fluid-attenuated inversion recovery showing stable
sequelae of prior left middle cerebral artery distribution infarct with multifocal small old lacunar infarcts. (C, D) Stable severe
stenosis of the left M1 segment.

views on the utilization of acute thrombolytic therapy depends
on assessing the risk-benefit ratio of the treatment in each in-
dividual case, balancing between no thrombolysis or consid-
ering it if the only contraindication in the case is the patient’s
age [7,8]. For stroke in adults, thrombectomy is indicated for
AIS with LVO in acceptable clinical settings. Many random-
ized controlled trials showed a high level of safety, improved
functional outcomes, and extended time from symptom onset
(in the DEFUSE 3 trial, 616 h and in the DAWN trial, 6-24 h)
when thrombectomy was conducted in an appropriate clinical
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context and done in patients with LVO in the anterior circula-
tion within 6 h of symptom onset [9-15].

Many trials were conducted to study treatment options in pe-
diatric stroke cases. Some showed the success of endovascu-
lar treatment in children with arterial AIS due to LVO. In the
retrospective Save ChildsS trial, conducted from 2000 to 2018,
researchers found that 87% of the enrolled children (<18 years
of age) who underwent endovascular thrombectomy had suc-
cessful recanalization [16]. The median time from appearance
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of first clinical to recanalization therapy was 4 h; however,
some cases were treated outside the 6-h window. This results
of this trial suggested that the neurologic outcomes of chil-
dren with AIS were largely positive, promising, and compara-
ble with those noted in adult thrombectomy trials. Bigi et al.
studied a cohort of 150 patients with AlS, who all presented
with PEDS-NIH score of at least 4 and were aged <16 years [17].
Sixteen patients received pharmacological management with
thrombolytics and another 6 patients underwent mechanical
thrombectomy. One patient was treated with thrombectomy
only. All but 1 patient were diagnosed within a 12-h interval
after symptom onset; however, 4 patients were treated more
than 6 h after their symptoms appeared, which is similar to
our patient. Treatment results at follow-up showed complete
recanalization in 4 patients, partial recanalization in 6 patients,
and no changes in 4 patients. The authors concluded that re-
canalization treatment is possible and seems to be safe in se-
verely affected pediatric patients with AIS and complications
did not happen more frequently in patients who received re-
canalization treatment [17].

In a comprehensive review of the literature, Satti et al. de-
scribed 29 case reports of recanalization in pediatric AlS cas-
es (2008-2015). Time to recanalization treatment ranged from
1.5 to 120 h. Excluding 3 patients with an unknown time to
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recanalization treatment and another 3 patients who were treat-
ed beyond 24 h, the average time to recanalization treatment
was 8.8 h. A total of 75.9% of the patients attained recanali-
zation. Clinical outcomes were reported in 23 patients, with
86.7% of patients achieving a good clinical outcome [18]. The
2015 American Heart Association/American Stroke Association
guidelines on this topic declared that endovascular thrombec-
tomy might be clinically of great value in children <18 years
of age using adult parameters [6].

Conclusions

The safety of and clinical improvement from mechanical throm-
bectomy in children with large-vessel occlusion over an ex-
tended time period after symptom onset remains unknown.
Although endovascular therapy offers an exciting and prom-
ising method in the management of pediatric stroke cases,
further research is needed to determine the clinical and tech-
nical parameters for the successful use of this treatment in
children with LVO.
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