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Not Just For Adults!

Pediatric Stroke Care



Disclosures

▪ Nothing to disclose

▪ Except…

▪ I am NOT a pediatric neurologist, radiologists, or 

hematologist!!  



Objectives

▪ Discuss epidemiology and risk factors for pediatric stroke, 

and how it differs from adults

▪ Discuss barriers to pediatric stroke care

▪ Review common stroke mimickers in children

▪ Discuss diagnosis and management of acute ischemic 

stroke in children 

▪ Review indications for tPA in children-TIPS study



Stroke Care

▪ Overall goal of stroke care

▪ Minimize acute brain injury

▪ Maximize patient recovery

The “D's of Stroke Care” D-mystifying recognition and management of Adult stroke.

• Detection: Rapid recognition of stroke symptoms

• Dispatch: Early activation and dispatch of emergency medical services (EMS) system by calling 

911

• Delivery: Rapid EMS identification, management, and transport

• Door: Appropriate triage to stroke center

• Data: Rapid triage, evaluation, and management within the emergency department (ED)

• Decision: Stroke expertise and therapy selection

• Drug: Fibrinolytic therapy, intra-arterial strategies

• Disposition: Rapid admission to stroke unit, critical-care unit

Hazinski M Curr Emerg Cardiac Care 1996



Epidemiology

▪ WHO incidence of acute ischemic stroke

▪ Adults 200/100,000 

▪ Children 1-2/100,000

▪Excludes neonatal stroke

▪ Likely underestimated!



Pediatric Stroke

▪ Mortality rate 2-11%

▪ Persistent neurological deficit 68-73% of children with 

stroke

▪ Only ≈2% of children with acute ischemic stroke 

receive tPA treatment in the US

▪ TIME IS BRAIN

▪ Rapid identification, diagnosis, and treatment is crucial!

Bernard Ann Neurol 2008



Barriers To Pediatric Stroke

▪ Practical Issues
▪ Diagnosis is often delayed 

▪ Access to acute MRI and pediatric anesthesia is often limited

▪ Pediatric acute ischemic stroke (AIS) differs in etiology, physiology, and 

natural history 

▪ Imaging features of AIS (hyperdense vessels, early infarct signs) may be 

missed

▪ Lack of “stroke centers” and standardization of care

▪ tPA dosing, endovascular mechanical thrombolytic devices

From ISC 2016  - Elisa Ciceri Italy



http://www.strokeassociation.org/STROKEORG/WarningSigns/Stroke-Warning-Signs-and-Symptoms_UCM_308528_SubHomePage.jsp

http://www.strokeassociation.org/STROKEORG/WarningSigns/Stroke-Warning-Signs-and-Symptoms_UCM_308528_SubHomePage.jsp




Pediatric Stroke Risk Factors

▪ Sickle Cell Disease

▪ Cardiac Disease/Congenital Heart Disease

▪ Recent invasive procedure, cardiomyopathy, and arrhythmias 

▪ Prothrombotic state

▪ Recent head and neck infections

▪ Recent viral illness

▪ Dehydration

▪ Autoimmune disorders

▪ Arteriopathies

▪ Previous stroke

▪ 24% are considered “idiopathic” 
Lyle et al. Semin Thromb Hemost. 2011;37(7):786-793. 



Pediatric Risk Factors

▪ Based on CA state-wide discharge database:

▪ Males more likely to have any type of stroke 

compared to females (16.8% vs 11.8%)

▪ Males higher risk of mortality from ischemic stroke  

▪ African Americans (non-sickle cell) 2x more likely than 

non-AA

▪ Hispanic children have lowest risk of stroke

Fullerton, et al.  Neurology 2003.



Clinical Presentation

▪ First time seizure with post-ictal neurological deficit

▪ Irritability

▪ Symptoms subtle in younger ages

▪ Use of non-dominate hand

▪ Refusal to walk

▪ Language acquisition to describe symptoms challenging

▪ “Classic Story”



Neuroimaging in Children

▪ CT scan

▪ MRI

▪ Diffusion weight imaging

▪ Angiogram

**need for pediatric anesthesia 



Pediatric Stroke Mimickers

▪ Todd’s paralysis- transient hemi paralysis following seizure

▪ Hypoglycemia

▪ Hemorrhagic stroke/subdural

▪ Traumatic injury, child abuse

▪ Electrolyte abnormalities

▪ Complex migraines 

▪ Brain tumor

▪ Intracranial infection or abscesses

▪ Carotid dissection

▪ Moyamoya



Treatment Strategies

▪ Sickle cell disease

▪ Emergent exchange transfusion

▪ Moyamoya

▪ Supportive care

▪ Revascularization surgery

▪ Hemorrhagic stroke

▪ Neurosurgery vs supportive care

▪ ?child abuse work up

▪ Ischemic stroke

▪ ?tPA or neurointervention



Pediatric NIH Stroke Scale

-PedNIHSS- same elements as adult NIHSS (11 neurological domains, 15 scored items)

-For children ages 2 to 18- based on age and development

-Total score range 0-42 (most severe)

-Good IRR for “trained pediatric neurologists”



▪ Multi-institutional study from 2010-13 to determine safety, best dose, and 

feasibility of tPA in children ages 2-17

▪ 3 dosing tiers of tPA (0.75, 0.9, and 1mg/kg)

▪ 93 children screened
▪ 43/93 (46%) had acute ischemic stroke

▪ 21 had medical contraindication to tPA

▪ 10 outside of treatment window at final diagnosis (7+presented within 5hrs of symptom onset!!)

▪ 2 lacked evidence of arterial occlusion on imaging

▪ 9 excluded for low PedsNIHSS score <6

▪ Only one patient met inclusion criteria for tPA

▪ Study closed by NIH for lack of enrollment



Emergence of Pediatric Stroke Centers

▪ Lessons from the TIPS study

▪ 17 active enrollment sites

▪ Prior to TIPS protocol, <25% had 24/7 access to peds stroke team, MRI 

capability, or stroke order sets

▪ After TIPS study, >80% have acute pediatric stroke systems in place

▪ Areas of difficulty

▪ 24/7 pediatric sedated MRI access, institutional support, QI and CME efforts

▪ Created a standardization of care for pediatric stroke



Alteplase

▪ Recombinant tissue-type plasminogen activator
▪ IV fibrinolytic- converts plasminogen to plasmin, facilitates clot 

breakdown

▪ Children have immature fibrinolytic system
▪ low baseline free-tPA

▪ Elevated plasminogen activator inhibitor-1 (inhibitor of tPA) 

▪ Larger Vd

▪ Increased hepatic clearance

▪ NOT FDA APPROVED!

▪ Recommended dose:  
▪ ≤ 100kg: total dose 0.9mg/kg, 10% IV bolus over 5min, remainder given over 55min

▪ ≥ 100kg: total dose 90mg, 9mg IV bolus over 5 min, remainder over 55 min

▪ ***may actually have higher requirement!



Candidates for intervention in children

▪ tPA candidates

▪ ≥ 24 months

▪ Last seen well <4.5 hrs from presentation

▪ Confirmed clot on neuroimaging

▪ PedsNIHSS >4 

▪ Neurointerventional radiology candidates

▪ ≥ 24 months

▪ Last seen well >4.5 hrs but <24hrs

▪ Confirmed clot on neuroimaging

▪ PedsNIHSS >4



Contraindications for tPA

▪ Similar to adult contraindications

▪ Major stroke, head trauma, intracranial surgery in last 3mo

▪ GI or urinary bleeding in last 21 days

▪ Major surgery within last 10 days

▪ History of prior ICH

▪ Known cerebral vascular malformation

▪ Coagulopathy (plts <100, INR >1.4, elevated aPTT for age)

▪ HTN >15% above 95%ile for age

▪ LWWH within 24hrs

▪ Intracranial hemorrhage or dissection

▪ Large territory stroke (>1/3 MCA distribution) or PedsNIHSS >24



Acute Management of Suspected Stroke

▪ Same adult principles apply!



Acute Management of Suspected Stroke



Case Study

▪ 2yo previously healthy male who had recently recovered from GI illness 

was playing soccer in back yard. He bent down to pick up soccer ball and 

slowly fell to his left side. Per mom, was not using his left side, left side 

was droopy, and he seemed to be slurring his words. When she picked him 

up, started drooling with a “glazed look”, became limp and unresponsive.  

Episode lasted 5minutes.  No shaking movements.  EMS was called and 

en route seemed sleepy and “out of it”.

▪ GI illness (vomiting/diarrhea), but no current symptoms

▪ CT head and labs in ER normal, but not back to neurological baseline, 

admitted to floor with suspected Todd’s paralysis after first time seizure

▪ Next day, more alert, but not using his left hand (attributed to IV), and slight 

facial droop



Case Study



Case Study

▪ US/Doppler of neck

▪ Cervical nodes, increased R ICA velocity

▪ Angiogram of neck

▪ Focal stenosis of proximal right carotid ?fibromuscular dysplasia

▪ Filling defect within R lateral lenticulostriate artery

▪ Other work up for autoimmune/connective tissue disorder negative

▪ ?transient cerebral arteriopathy of childhood

▪ Persistent L hemiplegia and speech deficit



Case Study

▪ 8yo previous healthy male presents to CMH Kansas ER at 11:46am with 

headache and slurred speech upon wakening at 9am.  He spent the entire 

previous day at the pool and family initially attributed headache to fatigue. He 

seemed “out of it” (inappropriately laughing/crying) when the family was out 

to eat for breakfast earlier that morning but was able to eat “ok”.  He became 

incontinent on the way home.  While mom was cleaning him up, she noticed 

he was unsteady on his feet and unable to communicate his words.  

▪ In the ER, VSS, uncooperative with exam.  He has inappropriate and slow 

responses to verbal commands/stimuli.  Smiles and cries on and off 

inappropriately.  Tries to speak but cannot.  No facial droop but drooling 

intermittently.  







Case Study

▪ MRI/MRA- basilar artery filling defect with ventral 

pontine stroke

▪ Transferred for neurointernventional consult

▪ Successful clot retrieval

▪ DC’d home 5 days later neurologically intact

▪ Remains on Lovenox



Summary for Pediatric Stroke Care

▪ Etiology, risk factors, and clinical presentation differ compared to adult 

acute ischemic stroke

▪ National guidelines and standardization of care are lacking

▪ But progress is being made!

▪ Early recognition and prompt diagnosis can be challenging but are 

important to time-sensitive intervention

▪ Management concepts for suspected pediatric stroke are similar to adults

▪ Tertiary pediatric care facility is crucial to implement pediatric stroke care




