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Learning Objectives:

1. To learn the indications and treatments specified for children in the 2026 AHA Guideline for Early
Management of Patients with Acute Ischemic Stroke (AIS).

2. To learn the major clinical settings in which AIS occurs in children 1 month of age through 18 years of
age.

3. To recognize that neonates represent the pediatric age group in which AIS occurs most commonly and
that it imparts life-long morbidity.

4. To become familiar with the evidence available that supports hyperacute treatment of AIS in children.
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2026 American Heart Association Guidelines for
Early Management of Patients with Acute Ischemic Stroke

e This guideline broke new ground: directly addressed treatment of
children with acute arterial ischemic stroke.

Prabhakaran et al, Stroke;2026: 10.1161/STR.0000000000000513
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Detection and
Diagnosis

-In pediatric patients with suspected stroke transported by ambulance, the usefulness of common
adult stroke screening tools is uncertain because they perform poorly for identification of stroke.
Newer pediatric stroke screening tools demonstrate good interrater reliability; however, their
sensitivity, specificity, and predictive value in the prehospital setting remain to be determined, and
their usefulness is unknown.

-In pediatric patients with suspected AlS, emergent brain and vascular imaging with MRI/MRA of
the cervical and intracranial vessels is reasonable to identify patients with large vessel occlusion
and to differentiate arterial ischemic stroke from hemorrhagic stroke or stroke mimics.

-In pediatric patients with suspected AlS, emergent brain and vascular imaging with CT/CTA of
the cervical and intracranial vessels is reasonable if MRI/MRA imaging is not available
immediately (within 25 minutes) to identify patients with large vessel occlusion.
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Treatment:
Thrombolysis and
Thrombectomy

-In pediatric patients aged 28 days to 18 years with confirmed AlS presenting within 4.5 hours of symptom
onset and disabling deficits, IVT with alteplase may be considered as it is safe, but efficacy is uncertain.

-In pediatric patients 26 years with acute neurological symptoms and ischemic stroke due to LVO and within
6 hours from symptom onset, EVT can be effective if performed by experienced neurointerventionalists to
improve functional outcome .

-In pediatric patients =6 years with acute neurological symptoms and ischemic stroke due to LVO, 6 to 24
hours from symptom onset, and with potentially salvageable brain tissue, EVT can be effective to improve
functional outcomes.

-In pediatric patients aged 28 days to 6 years with acute neurological symptoms, including first-time seizure
and AIS due to LVO, within 24 hours from symptom onset, and with potentially salvageable brain tissue, EVT
performed by neurointerventionalists with pediatric experience may be reasonable to improve functional
outcome.
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IPSS Patients — Stroke Subtype
(N=7965)
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IPSS Patients — Age at Stroke
(N=7965)

Neonates

Older Infants and Children
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Stroke Detection in Children

In pediatric patients with suspected stroke transported by ambulance, the usefulness of common
adult stroke screening tools is uncertain because they perform poorly for identification of stroke.

Newer pediatric stroke screening tools demonstrate good interrater reliability; however, their
sensitivity, specificity, and predictive value in the prehospital setting remain to be determined, and

their usefulness is unknown.

Harvard Medical School
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Adults and Children with Stroke Travel Different Paths during the
Acute Phase of Their lliness

Adult with Acute Stroke Child with Acute Stroke

Often a delay

Assessed in the field by EMS Team St T

affiliated with a Primary Stroke the ED
Center _
Delay in
recognition of
possibility
Taken to a Primary Stroke ag‘f;zns(t)g:e

Center Delay in acquisition
of diagnostic
neuroimaging
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Studied Time Intervals in Children With Out-of-Hospital
and In-Hospital

Arterial Ischemic Stroke N=209
Ny, =132
2017, Time to Dx
Mild — 13 hrs
All-20 hrs n =77

Rafay et al ,Stroke.
2009;40:58-64;
Srinivasan et al,
Pediatrics. 2009; 124;
e227-e234; Gabis et al,
Pediatrics.2002;110;924-
928; Shack et al, DMCN.
2017:31-37; Pearson et
al, Front Stroke:2026

Harvard Medical School
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Development and Use of the Pediatric NIH Stroke Scale
(PedsNIHSS)

Ichord et al, Stroke; 2011:doi: 10.1161/STROKEAHA.110.607192; Beslow et al, Stroke; 2012:doi:
10.1161/STROKEAHA.111.633305
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2026 AHA Acute AIS Guideline:
Stroke Detection in Children

* |n pediatric patients with suspected AIS, emergent brain and vascular
Imaging with MRI/MRA of the cervical and intracranial vessels is reasonable
to identify patients with large vessel occlusion and to differentiate arterial
Ischemic stroke from hemorrhagic stroke or stroke mimics.

Stroke and Cerebrovascular Center, Boston Children's Hospital Harvard Medical School




How does acute arterial stroke present in children

Among adults 85% of acute stroke is ischemic acute stroke
Among children, ~50% of acute stroke is ischemic and ~50% is hemorrhagic.

Stroke mimicry by other disease more common in children than in adults
— 80-90% of children with a clinical presentation of acute stroke will harbor a stroke mimic.

* Less severe mimics: More severe mimics:
— Migraine (esp. complex) -Posterior reversible encephalopathy syndrome (PRES)
— Bell's palsy —Demyelipgting diseases (ADEM, MOGAD, NMOD, MS)
— Post-ictal Todd’'s paralysis JLttrelellils
-Encephalitis

— Syncope
— Psychogenic disorders

-Metabolic disorders.
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 MRI discriminates among these possibilities much better than CT and
Identifies, non-ischemic causes of stroke-like presentations so that they may
be correctly treated.

 Thus, MRI/ MRA is the first choice of imaging modality for evaluation of
children with stroke like presentation.

Stroke and Cerebrovascular Center, Boston Children's Hospital Harvard Medical School




Stroke in Children: Epidemiology

Neonates-
occurrence ~1 in 1,100-4,000 births

Males > Females

80% as (AIS)

20% as cerebral sino-venous thrombosis
(CSVT) or other

Scope of the problem-
3.9 million live births/year in the United States
At estimated incidence of 1 in 2,500 term births/year

~ 1,600 newborns with neonatal stroke /year in U.S.

Stroke and Cerebrovascular Center, Boston Children's Hospital
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Arterial Ischemic Stroke

Stroke in Neonates

Clinical Presentation

Signs

 Focal seizures— 77-95%, primary presenting sign
o Lethargy

 Apnea

* Encephalopathy

Billinghurst et al, Neurology:2017; Ferriero et al, Stroke:2019; Rivkin et al , Jour Pediatrics:2025
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Arterial Ischemic Stroke

Stroke in Neonates

Clinical Presentation

Physical Examination

o Lateralized, diminished movement
of one limb or one side

 Abnormal reflexes

* Hypotonia

e Hypertonia, rarely

Stroke and Cerebrovascular Center, Boston Children's Hospital

Harvard Medical School




Arterial Ischemic Stroke

Stroke in Neonates
Diagnostic Studies

EEG

*Focal persistent voltage reduction

*Marked focal slowing and sharp wave
activity

*Area of focal electrical abnormality should
conform to the region of stroke

In a neonate suspected of stroke, the occurrence of seizure or
focal eeg findings should lead to MRI evaluation of brain

Stroke and Cerebrovascular Center, Boston Children's Hospital

Harvard Medical School




Term Neonate (1 day old) with Right
Focal Seizures
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Sensitivity of Cranial CT as compared to MRI in Detection of AIS in
Neonates and Infants

Pai V, Shroff M, Pediatr Radiol:2026
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Arterial Ischemic Stroke

Stroke in Neonates-MRI Characteristics

Term Neonate
1 day old

Refractory focal and
generalized seizures

* Left hemisphere
 MCAterritory
o PCAterritory

Stroke and Cerebrovascular Center, Boston Children's Hospital
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2026 AHA Acute AIS Guideline:
Stroke Detection in Children

 In pediatric patients with suspected AlS, emergent brain and vascular
Imaging with CT/CTA of the cervical and intracranial vessels is reasonable if
MRI/MRA imaging is not available immediately (within 25 minutes) to identify
patients with large vessel occlusion.

— If MRI scanner not available in 25 minutes from patient’s arrival, pivot to cranial CT
» To document arterial vascular obstruction
» To assess for intracranial hemorrhage
» Parenchyma can be assessed for hypodensity to indicate AlS
» Information can be used for decision about hyperacute therapy in real time

— MRI/A can be obtained later in subsequent scan session.
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2026 AHA Acute AIS Guideline:
Thrombolysis and Endovascular Thrombectomy Treatment

-In pediatric patients aged 28 days to 18 years with confirmed AIS presenting within
4.5 hours of symptom onset and disabling deficits, IVT with alteplase may be
considered as it is safe, but efficacy is uncertain.

-In pediatric patients 26 years with acute neurological symptoms and ischemic
stroke due to LVO, 6 to 24 hours from symptom onset, and with potentially
salvageable brain tissue, EVT can be effective to improve functional outcomes.

-In pediatric patients aged 28 days to 6 years with acute neurological symptoms,
iIncluding first-time seizure and AlS due to LVO, within 24 hours from symptom
onset, and with potentially salvageable brain tissue, EVT performed by
neurointerventionalists with pediatric experience may be reasonable to improve
functional outcome.

Stroke and Cerebrovascular Center, Boston Children's Hospital Harvard Medical School




Stroke in Children: Comparative Frequency
e Brain tumor in children: ~3/100,000

« Inflammatory Bowel Disease in children:
~2/100,000

e Arterial Ischemic Stroke in all children:
3-13/100,000 (1/7,700)

e Arterial Ischemic Stroke in Neonates
40/100,00 (1/2,500)

Stroke and Cerebrovascular Center, Boston Children's Hospital Harvard Medical School




Arterial Ischemic Stroke

Etiologies in Children

Idiopathic Stroke

Cardiac disease
Congenital heart disease
Infectious endocarditis
Valvular disease
Cardiomyopathy
Arrhythmia

Hematologic disorders
Sickle cell disease

Inherited prothrombotic & lipid abns.

Antiphospholipid antibodies

Lymphoproliferative disorders
Arteriopathy

Moyamoya

Focal arteriopathy of childhood

Post-varicella arteriopathy

Cervicocephalic artery dissection

Fibromuscular Dysplasia

Takayasu arteritis

Stroke and Cerebrovascular Center, Boston Children's Hospital

Trauma

Blunt trauma to posterior pharynx
Cervical spine dislocation/rotation
Cervicocephalic artery dissection

Infection

Meningitis
Viral, bacterial, mycotic infections

Drug/toxin exposure

Cocaine
Sympathomimetics
Oral contraceptives

Surgical interventions

Cardiac catheterization
Catheter cerebral angiography
ECMO

Metabolic disorders

Hyperhomocysteinemia
Mitochondrial disorders
Congenital disorders of glycosylation

Harvard Medical School




Focal Cerebral Arteriopathy

Stroke and Cerebrovascular Center, Boston Children's Hospital

First, associated with VZV infection

Evidence of Acute Herpesvirus Infection (IgM+ Ab
Titers) in Childhood AIS Cases vs. Stroke-Free Trauma
Controls

Elkind et al, Stroke, 2016;Fullerton et al, Stroke, 2018 Harvard Medical School




Cervicocephalic Arterial Dissection

Stroke and Cerebrovascular Center, Boston Children's Hospital Caplan LR, Nature Neurol, 2008 Harvard Medical School




Primary Moyamoya

assoc. w 3p and 7q;
ACTA2; YAPP1;
RFN 213; GUCY1A3

Secondary Moyamoya

neurofibromatosis
tuberous sclerosis
homocystinuria
sickle cell anemia
trisomy 21
Williams syndrome
Alagille syndrome

cranial irradiation

Vascular Pathology:
Smooth muscle hyperplasia;
Lumenal thrombosis

Scott and Smith, NEJM, 2009;
Munot et al, Lancet Neurol, 2011

Stroke and Cerebrovascular Center, Boston Children's Hospital

Harvard Medical School




Genes Associated with Pediatric Cervicocephalic Arteriopathy

Stroke and Cerebrovascular Center, Boston Children's Hospital Munot et al, Lancet Neurol, 2011,264-74 Harvard Medical School




Clinical Features

Findings in Brain on
MRI

Cerebral
Angiography

Vessel Wall Imaging

Treatment

Arteriopathy in Pediatric Stroke

Focal Cerebral
Arteriopathy

Hemiparesis; aphasia
Stuttering onset; Hx viral infection,
wks to months; esp., HSV family

Subcortical infarcts, typically in basal
ganglia

Irregular vascular wall, stenosis in
distal ICA, MCA, ACA

Wall thickening & concentric
enhancement with contrast
administration

Can consider thrombolytic; Steroid
Immunouppression

Stroke and Cerebrovascular Center, Boston Children's Hospital

Cerebral Arterial
Dissection

Hemiparesis, aphasia;

Often with headache;
Preceding head/neck trauma
Or spontaneous

Cortical/subcortical mixed
pattern of infarction; can be
isolated to either anterior or
posterior circulation.

Tapered occlusion or stenosis
ICA, proximal MCA,ACA or of
vertebrobasilar tree.

Intramural, eccentric
enhancement

Anticoagulation/antiplatelet
treatment,

Moyamoya Disease

Hx of headache, TIA sxs
including hemiparesis,
aphasia; Sx provoked by
exercise, stress, fever

Cortically based infarcts;
Evidence of old white matter
injury; “ivy sign” on FLAIR
imaging

Stenosis or occlusion distal
ICAMCA and ACA. Basal
lenticulostriate ‘puff of
smoke’

collateral vessels

Wall thickening; usually no
enhancement

Antiplatelet agent;
revascularization surgery.

Chabrier et al, Stroke, 2016,
doi:10.1161/STROKEAHA.116.014606;
Amlie-Lefond et al, Circulation, 2009,

doi: 10.1161/CIRCULATIONAHA.108.806307;
Rafay et al, Neurology, 2020,

doi: 10.1212/WNL.0000000000009557

Harvard Medical School




Presentation of AIS in Children

e Sudden-onset, focal neurologic deficits In
85% of non-neonates

— Hemiparesis 60-80%
— Speech difficulty 10-35%
— Visual field defects 5-20%

— Other 18%

Stroke and Cerebrovascular Center, Boston Children's Hospital

Harvard Medical School




Thrombolysis

Stroke and Cerebrovascular Center, Boston Children's Hospital Harvard Medical School




Use of tissue plasminogen activator to treat
acute arterial ischemic stroke in children

Goals of TIPS:

To determine safety,

To determine best dose of tPA
To determine treatment feasibility

——> |V tPAwhen used to treat children who present with arterial
ischemic stroke (AIS), within 4.5 hours of onset of symptoms

Stroke and Cerebrovascular Center, Boston Children's Hospital

Harvard Medical School




Medical Noninvasive Treatment

Tissue Plasminogen Activator

and
Fibrinolysis
Plasminogen activator A
inhibitor ( PAI-1) Fibrin
: PLASMINOGEN )
Plasminogen eyt Plasmin

Fibrin
degradation
products

Stroke and Cerebrovascular Center, Boston Children's Hospital Harvard Medical School
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TIPS

TIPStER

Stroke and Cerebrovascular Center, Boston Children's Hospital Amlie-Lefond et al, Stroke, 2020 Harvard Medical School




Used a Bayesian beta-binomial
model for risk of SICH following
intravenous tPA

Modeled as:

1. B with a mode
of 1.7% (young
adult risk of
SICH after tPA)

2. B where all
values of risk
equally likely

3. B where values
of risk had a
mode similar to
older adult risk
of 6%

Stroke and Cerebrovascular Center, Boston Children's Hospital

Amlie-Lefond et al, Stroke, 2020

Harvard Medical School




Tenecteplase

Tenecteplase vs. Alteplase:

o 14 fold greater fibrin affinity

» 80 fold greater resistance to PAI-1
» More rapid thrombolysis

* Bolus dosing

» Single dosing

In Phase 3 trials comparing
tenecteplase with alteplase for
outome:

* 30% complete reperfusion v. 15%
tPA-alteplase: Lys, His, 2Arg tPA-tenecteplase: 4Arg « Significantly better 3 month mRS
scores
» SICH rate either same of better
than alteplase

Campbell et al, New Engl Jour, 2018; Wang et al, Lancet, 2023;
Stroke and Cerebrovascular Center, Boston Children's Hospital Yogendrakumar, Ann Neurol, 2023 Harvard Medical School




Developmental hemostasis and trajectory of
[tPA]/[PAI-1] ratios in development

Child, < 18 y.o. Adult

tPA /PAI = 1 tPA /PAI - 1 Albisetti M, Thromb Hemossis, 2003;Chalmers et

: : al, Brit Jour Haematol, 1999;Williams MD, Brit Jour .
Stroke and Cerebrovascular Center, Boston Children's Hospital Haematol 2010. Harvard Medical School




tPA administration to Children with Acute AIS

o Safety data for use of alteplase in children greater than 3 years of age exists.

 Tenecteplase likely to be safe and very useful in treatment of children who
meet treatment criteria for thrombolytic treatment

 There exists a developmental trajectory of hemostasis in children.

There is no report on the use of intravenous tPA in infants 28 days to 1 year
of age, and only one child with outcome data under the age of 3 years.

Stroke and Cerebrovascular Center, Boston Children's Hospital Harvard Medical School




Summary of Literature on tPA administration in Children with Acute AIS

Author Type of study # patients # patients # patients age | Youngest
treated with undertheage |[>1land<3 patient
tPA of 1 year years (years)

Amlie-Lefond et al, | Retrospective 26 0 1 1yrs
Stroke, 2020.

Kossorotoff et Retrospective 44 total (28 IV : : 2 yrs*
al, JAMA Network, tPA alone, 16 IV
2022. tPA prior toEVT)

Bigi et al, Ann Retrospective
Neurol, 2018

Tabone et Retrospective
al,Stroke, 2017

Tenecteplase safety in children: submitted IPSS data-symptomatic ICH not reported in
any of 44 children who received IV TNK-->under review

Stroke and Cerebrovascular Center, Boston Children's Hospital Lee S et al, 2026 , under review Harvard Medical School




2026 AHA Acute AIS Guideline:
Endovascular Thrombectomy in Children with
Acute Arterial Ischemic Stroke

In pediatric patients aged 28 days to 6 years with acute neurological
symptoms, including first-time seizure and AlS due to LVO, within 24
hours from symptom onset, and with potentially salvageable brain tissue,
EVT performed by neurointerventionalists with pediatric experience may
be reasonable to improve functional outcome

Stroke and Cerebrovascular Center, Boston Children's Hospital Harvard Medical School




Invasive Endovascular Treatment

Stroke and Cerebrovascular Center, Boston Children's Hospital Harvard Medical School




ADC DWI trace

of 74
Page: 35

Page: 76 of 185 IM: 76 SE: 100

Stroke and Cerebrovascular Center, Boston Children's Hospital Harvard Medical School




DWI trace

Stroke and Cerebrovascular Center, Boston Children's Hospital Harvard Medical School




Stroke and Cerebrovascular Center, Boston Children's Hospital Harvard Medical School




PWI

Stroke and Cerebrovascular Center, Boston Children's Hospital Harvard Medical School




Endovascular Thrombectomy innChildren with Acute AIS

Stroke and Cerebrovascular Center, Boston Children's Hospital Harvard Medical School




Author

Sporns et al,
Lancet Child
Adolesc Health,
2024

Sporns et al,

JAMA Neurol.
2019**

Bhatia et

al, JAMA Neurol,

2023

Kossorotoff et al,

JAMA Network,
2022.

Bigi et al, Ann
Neurol, 2018

Type of study

Prospective

Retrospective

Retrospective

Retrospective

Retrospective

Stroke and Cerebrovascular Center, Boston Children's Hospital

# patients
treated with

EVT

117

Per table
Median 11
years (IQR 6-
14)

Median 11.3
years (range
0.7-18
years), 11
patients age 0-
6 years

32

40

# patients under
the age of 1

At least 1,
otherwise not
specified

At least 1,
otherwise not
specified

# patients
age > 1 and
< 3 years
Not specified

Not specified

Youngest
patient*

0.25 yrs (3
mos)

0.7 yrs***
(8 mos)

Harvard Medical School



Conclusions

Stroke and Cerebrovascular Center, Boston Children's Hospital Harvard Medical School




Thanks for your attention!
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