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What do we need to know 
about MT in childhood stroke?



Initial management of adult stroke

• Exclude hemorrhage 

• (Confirm AIS)

• IV tPA, if eligible

• Confirm or exclude a large vessel occlusion

• Determine candidacy for thrombectomy 

•Medical management to limit expansion/complications



Pediatric AIS

• Same goal:  Organized approach 
to brain-directed care to 
minimize injury

• No evidence-based guidelines

--Relative infrequency of childhood stroke
--Delay to diagnosis
--High incidence of stroke mimics
--Underlying illness/medical complexity 



Stroke risk factors

Adults
• Hypertension
• High cholesterol
• Diabetes
• Atrial fibrillation
• Carotid stenosis
• Cigarette use
• Obesity
• Cardiovascular disease
• Obstructive sleep apnea
• Heavy ETOH use
• Older age

Children
• Cardiac
• Cerebral Arteriopathy
• Sickle Cell Disease
• Chronic systemic illness
• Prothrombotic state
• Acute systemic illness
• Chronic/Acute head and neck 

disorder
• Infection

(Mackay et al, IPSS, Ann Neurol, 2011)



Stroke Etiologies 
at Seattle 
Children’s 
Hospital 
(unpublished)

Cardioembolic
33%

Presumed PFO
4%

Aortic/cervical 
arteriopathy

11%
Moyamoya

10%

Focal cerebral 
arteriopathy

8%

Small Vessel 
Arteriopathy

4%

Cryptogenic
7%

Other-infectious
8%

Other-non-
infectious

15%

Childhood AIS Standardized 
Classification and Diagnostic 

Evaluation (CASCADE) (Bernard et 
al, Stroke, 2012)



Recognizing Acute Neurologic Deficit in childhood

1. Neurologic or non-neurologic? (localization)

2. Stroke or mimic?

• In adults, sudden focal neurologic deficit is a stroke. 
• In contrast, half of children screened in the hyperacute 

period have a mimic (Rivkin et al, TIPS, Stroke, 2015)

Differential Diagnosis

ICH

Mass lesion/Tumor

Infection

PRES

Spinal cord lesion

TIA

Methotrexate toxicity

Urgent non neuro

Urgent mimics



Assess clinical deficit—
Pediatric NIH Stroke Scale
(Ichord et al, 2011)

• Clinical stroke severity—size?

• Deficit consistent with a stroke syndrome?

Consciousness Facial 
Movement Ataxia Dysarthria

Gaze Motor Arms Sensory Neglect/ 
Inattention

Visual Motor Legs Language



Urgent neuroimaging

4 Questions:
Hemorrhage?

Stroke vs mimic?
Urgent mimic?

Sentinel event?

• Rapid stroke MR protocol
• Sequences:

• Diffusion weighted imaging 
(DWI/ADC) 

• T1 weighted
• T2 weighted (or T2 FLAIR)
• MR angiography of head and neck

• Or, DWI

• Large vessel occlusion?



Neuron Survival

Reperfusion injury
ICH
Futility

Recanalization therapy

Arterial wall injury, Vasospasm, Anesthetic complication

Time

Risk 



What about tPA in childhood stroke? (or Tenecteplase or ??)

Benefit of tPA in adults--improved outcome

Time from stroke onset NNT for benefit NNT for harm
(ICH)

0-90 min 3.6 65

91-180 min 4.3 38

181-270 min 5.9 30

271-360 min 19.3 14

(Pooled data from NINDS 1 and 2, ECASS I and II, and 
ATLANTIS A and B, from Lansberg et al, Stroke, 2009)

Futility



TIPSTER (Thrombolysis in 
Pediatric Stroke Extended 
Results)

Enroll all children who 
received IV tPA from 

former TIPS sites
N = 26

Crytogenic
46%

Cardio-embolic 
29%

Aortic/cervical 
arteriopathy

9%

Moyamoya
4%

Vasculitis
4%

Multi-factorial 
8%

Crytogenic Cardio-embolic Aortic/cervical arteriopathy

Moyamoya CNS vasculitis Multi-factorial

Childhood AIS Standardized 
Classification and Diagnostic 
Evaluation (CASCADE) (Bernard et al, 
Stroke, 2012)



tPA administration and outcome

Patients

• 1.1-17 years (median 14 years)

• Treated within 2-4.5 hours (median 3 hours)

• Dose of IV tPA: 0.9 mg/kg in 24/26
• Circulation:

• 81% (21): Anterior 
• 19% (5): Posterior

Post-tPA imaging

• 17  with head CT:  No hemorrhage

• 21 with head MRI:  

1 w/scant petechiae (HI1) on GRE, not seen on CT

1 with confluent petechiae (HI2)

No Symptomatic Intracranial Hemorrhage
No parenchymal hemorrhage 1 or 2

(From Derex L , 
Nighoghossian N J 
Neurol Neurosurg
Psychiatry 2008)



Estimated risk  of SICH: 2.1%

(Stroke, 2020)



DAWN:  Thrombectomy at 
6 to 24 Hours with a 
Mismatch between Deficit 
and Infarct
(From Nogueira et al for 
the DAWN Trial 
Investigators, NEJM, 2018)

DEFUSE 3:  Thrombectomy at 6 to 16 Hours with Selection by 
Perfusion Imaging
(From Albers et al for the DEFUSE 3 Investigators, NEJM, 2018)

Within 6 hours of stroke onset
(From Campbell et al, Endovascular stent 
thrombectomy: the new standard of care 
for large vessel ischaemic stroke,  Lancet 
Neurology, 2015)

Thrombectomy in selected adult AIS with proximal anterior circulation occlusion

Is there a Large Vessel Occlusion?



Published reports of 
mechanical thrombectomy in 
childhood AIS

Meta-analyses of published case reports 
and case series report good short-term 
outcomes in approximately three-quarters 
of children. 

Case reports and small case series have 
limited statistical power and publication 
bias.

Recanalization in 103 cases 
with data published prior to 
12/31/19 Outcome

TICI 3/complete 53% (55)

TICI 2c 4% (4) 

TICI 2b 31% (32)

TICI 2a 6% (6)

TICI 1 1% (1)

TICI 0/no recanalization 6% (5)



CASCADE for patients enrolled in TIPSTER compared with published cases

TIPSTER (n=43)
Median age: 12.7 years, median time 5.5 hrs
30% received IV tPA

Cardioembo
lic

44%

Aortic/cervi
cal Art 28%

Cryptogenic
16%

Other
9%

FCA …

Literature cases (n=133) 
Median age: 11 years (for 103), median time 6 hrs (for 85)
14% received IV tPA

Cardioembol
ic

48%

Aortic/cervic
al Art 12%

Cryptogenic
20%

Other
15%

FCA
3%

NR
2%



NIHSS before and after MT

Median NIHSS
Before 24 hrs Discharge

TIPSTER 13 8 4
Literature 15 4 3

Study site patients had worse short-term 
outcomes compared with literature reports
& higher rates of NIHSS reporting. 



Pediatric Stroke Outcome Measure (PSOM)
(deVeber et al, JCN, 2020; Kitchen et al, Stroke, 2012; Slim et al, Ped Res, 2020)

5 Subscales
• Right sensorimotor
• Left sensorimotor
• Expressive language 
• Comprehension
• Cognition/behavior

Scoring
• 0 = normal
• 0.5 = minimal impairment, normal function
• 1 = mild impairment, slowed function 
• 2 = severe impairment, at least 1 missing function 

Total PSOM severity classification :
 Normal = 0–0.5 in all subdomains
 Mild = 1 in 1–2 subdomains and < 1 in all remaining subdomains
 Moderate = 1 in ≥ 3 subdomains or 2 in 1 subdomain and < 2 in all remaining subdomains
 Severe = 2 in ≥ 2 subdomains



Can we compare natural history outcomes in Children to Adults?

International Pediatric Stroke Study 
PSOM at 2 years (Felling et al, 2020)

NINDS mRS in placebo group at 3 
months (tPA for Acute Ischemic Stroke-The 
NINDS rtPA Study, NEJM, 1995)

53.8%: Normal 
21.5%: Mild

26%: MRS 0-1

17.2%: Moderate 25%: MRS 2-3

7.5%: Severe 27%: MRS 4-5

21 %: Death



Which children will benefit?

IV tPA
• Risks vs Benefits 
• Developmental hemostasis
• Narrow time window
• New lytics?

Mechanical thrombectomy
• Risks
• Age (size) cut-off
• Devices
• Penumbral imaging
 Heart failure 
 Arteriopathy

Natural history of childhood AIS?
Biomarkers for benefit and harm?



LVO outcomes can be good in children

Case: Teen with 
right M1 
occlusion

vs



“Although safety and efficacy have not been systematically 
studied, case reports suggest that some children with LVO will 
benefit from mechanical thrombectomy.”  Stroke, 2019

Editorial, Sporns

2020



Children with LVO without thrombectomy had 
significantly worse clinical outcomes than
patients with non-LVO at 3 months.

Comparing 13 children with LVO treated with MT 
with 26 children with LVO not treated with MT:

At 3 months following stroke, ped-mRS score of 3-6:
6 of 12 (50%) with MT
19 of 26 (73%) without MT

2022



Differences between pediatric and adult AIS
Diagnosis The diagnosis of pediatric AIS is often delayed. 

Half of children with suspected stroke have a stroke mimic.

Etiology Children with AIS have a higher incidence of hematological disease (e.g., sickle cell disease, antiphospholipid 
antibody syndrome), congenital heart disease, stenosing arteriopathies (e.g., moyamoya, focal cerebral 
arteriopathy), or intimal injury (e.g., dissection). 

Imaging Perfusion imaging identifies late-presenting adults for MT, but its role in pediatric MT selection is unknown. 
CT perfusion delivers high radiation dose.
Adult-derived metrics of normal and abnormal perfusion have not been validated in children.

Collaterals Poor collateral flow in adults is associated with poor outcome following EVT. Children often have robust 
collateral flow, particularly in the setting of progressive arteriopathy.

Location Posterior circulation AIS is more common in children than in adults.

Deterioration Early neurologic deterioration is known to occur in adults with LVO. The incidence of early neurologic 
deterioration in children with LVO is unknown.

Vasospasm Intraprocedural vasospasm occurs in 3-4% of adult MT but rate and significance is unknown in pediatric MT.

Complications Adult head size at age 5.  
Unknown incidence of MT complications in children.



Studying efficacy of MT in children

Probably not feasible

Randomized trial such as DEFUSE 3 and DAWN:
• Infrastructure to enable rapid, round-the-clock 

randomization and tx would be very expensive. 
• Inconvenience or delay in MT will incur risk of 

non-enrollment as efficacy in adults has led to a 
loss of clinical equipoise, especially in older 
children.

• Pragmatic and ethical barrier to unbiased trial 
enrollment and randomization--children 
expected to benefit from MT will be treated 
outside of the trial. 

Completely unbiased natural history cohort

Possibly possible

Natural history cohort 
Perfusion imaging to identify who will benefit (most)
• Availability of timely MR perfusion to avoid 

radiation dose of CT perfusion 
• Establish validity of adult-derived perfusion 

metrics in children
Immediate recanalization rates
Robust outcomes
Older children and young adults



Studying safety of MT in children

Probably not feasible
• Capturing impact of blood pressure, 

anesthesia, need for transfer, site of 
care, etc, on outcome.

• Inclusion of highest risk children.

• Capturing experience with MT in 
children in nonacademic centers.

Possible
• Who decides and who does it
• Capture immediate adverse events (vessel injury, 

bleeds, vasospasm, etc)
• Compare to adult adverse events

• Registries and Standardized Data Collection
• Need for standardized data collection across sites to 

gain insight into utility of perfusion imaging and 
other predictors of outcome.

• Accepting descriptive safety outcomes—outliers are 
not likely to appear in statistically coherent cohorts.



Clinical data
Patient characteristics• Patient age and sex

• Co-morbidities
• Pre-morbid mRS
• Antithrombotic medications

• Co-morbidities (congenital/acquired heart disease, cerebral 
arteriopathy, thrombophilia, hemoglobinopathy, 
rheumatologic/inflammatory disorder, connective tissue disorder, 
malignancy, genetic or metabolic disease)

Hospital 
characteristics

• Stroke accreditation (Joint Commission)
• Hospital type (pediatric vs adult)

• Previous year AIS/EVT volumes
• CTA/MRI availability

Pediatric experience • ED physician
• Neurologist

• Neurointerventionalist
• Anesthesiologist

Symptom onset • Date/time of last known well
• Date/time of first known abnormal
• Witnessed/unwitnessed onset?

• Patient-reported symptoms: facial droop, focal weakness, speech 
difficulty, seizure, headache, altered consciousness, vision change, 
imbalance, other

Initial evaluation • Field assessment (instrument and score)
• Date/time of hospital arrival

• Pediatric NIHSS at arrival and pre-EVT

Neuroimaging • CT/MRI: ASPECTS/pcASPECTS, hemorrhage
• CTA/MRA: occlusion location, tandem occlusion, collateral score

• CT/MR perfusion: infarct and mismatch volume 
• Final infarct size
• Date/time of each neuroimaging study

Thrombolysis • Date/time IV thrombolytics started/completed
• Name/dose of IV thrombolytic administered

• Complications of IV thrombolytic administration
• If IV thrombolytics not given, why?

EVT • Date/time of arterial puncture, clot access, successful reperfusion
• Occlusion location
• Is a tandem occlusion present?
• Number of thrombectomy passes & devices used (each pass)
• Device malfunction/retention

• Final eTICI score
• Intracranial angioplasty and/or stenting?
• Extracranial angioplasty and/or stenting?
• Additional treatment details (e.g., IA tPA, antiplatelet/anticoagulant)
• Post-procedure antiplatelet/anticoagulant agents

Anesthesia • Anesthesia modality (local, sedation, general) • Anesthetic agents
Post-EVT care • Craniotomy/craniectomy needed?

• Ventriculostomy/shunt needed?
• Delayed endovascular stenting needed?

• Blood transfusion needed?
• Vasoactive medications needed?
• Access site repair needed?

Adverse events • Intra-procedural: embolization to new territory, perforation, dissection, 
vasospasm, device retention or malfunction, retroperitoneal hemorrhage, 
access site hematoma, access site occlusion

• Post-procedural: hemorrhagic transformation, parenchymal hemorrhage, SICH, 
subarachnoid hemorrhage, intraventricular hemorrhage, malignant edema

• Sepsis
• Angioedema
• Cardiac arrest
• Death

Outcome • PSOM at 90 days
• mRS at 90 days
• Pediatric NIHSS at 0-48 hours, discharge or 7 days

• Length of stay
• Discharge disposition
• Cause of death (if applicable)



Imaging databank-Central imaging review-
Diagnostic neuroimaging:
• ASPECTS/pcASPECTS
• Location of vessel occlusion
• Collateral score
• Intracranial hemorrhage type
• Core infarct volume
• Penumbra volume
• Final infarct volume

Interventional neuroimaging:
• Occlusion location
• Tandem occlusion
• Degree of reperfusion (eTICI)
• EVT complications (vasospasm, dissection, 

perforation, embolization to new territory)

How was decision for MT made?
What drove decision?
When?
By whom?

Outcomes beyond MRS



Causal Inference:
Statistical calculations can be done using 
either classical or Bayesian approaches, but 
the key is in the use of tools like directed 
acyclic graphs (DAGs).
In a general sense, it’s a set of tools that 
allow one to make causal claims from 
observational studies (given certain 
assumptions), which is not possible with 
traditional stats outside of an RCT. 

How to interpret?



• Pediatric Vascular Neurology

• Pediatric Neurocritical Care

• Neurointervention with pediatric 
expertise

• Pediatric Neuroradiology

• Pediatric Anesthesia

• Pediatric Emergency and Critical care

• Pediatric Neurosurgery

Multidisciplinary team



Conclusion

Feasibility
Safety

Imaging
Efficacy

Harm
Benefit



Thank you!
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