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Unlabeled or Unapproved Use Discussion
Use of tPA for treatment of acute stroke in children

Developing an Acute Pediatric Stroke Program:
Protecting the Child’s Brain

*Time is brain: review the epidemiology and clinical presentation of stroke
in children.

*What has been learned from the adult experience of defining care for
patients with acute ischemic stroke: the case for development of
multidisciplinary, integrated acute stroke teams/programs for children in
order to optimize care for children with acute stroke

*Looking forward: work in progress to advance care of children with acute
stroke.
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Time is brain

ind Cerebrovascular Center, Boston Children' s Hospital, Boston, MA
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Adults and Children with Stroke Travel Different Pa  ths during
the Acute Phase of Their lliness
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Studied Time Intervals in Children With Out-of-Hosp
Arterial Ischemic Stroke

Jar Center, Boston Chiren

Adult Primary
Stroke Center
(PSC)

Acute Stroke Team

Pre-written stroke care protocols

Field EMS Linked-in to PSC

Neuroimaging services
immediately available

Pharmacy skilled in rapid
preparation of thrombolyti

Neurointerventional suite and
team rapidly populated

The Effect of Protocol-Driven
Primary Stroke Centers on Outcome for Adults
Unadjusted Outcomes by JC Primary Stroke Center Certification Status

ital and In-Hospital
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Why emulate the adult experience in pediatric strok e?

Cerebrovascular Disorders Rank Among the 10 Most Common Causes of
Death in Children

- 2010
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ﬁ International Pediatric Stroke Study (IPSS)

Initiated:
» Jan 2003, 11 co-investigators (Canada, US, UK)

Objective:
» Provide data and vehicle for clinical trials in paediatric
stroke

Progress :
« >300 investigators, 200 centers (50 countries), 70
enrolling (25 countries)
000 patients enrolled as of February, 2016
« 30 investigator meetings
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£ 2 IPSS Enrolling Centers

IPSS Patients — Stroke Subtype
(N=4965)

N= 447
(9%)

OTHER

IPSS Patients — Age at Stroke
(N=4965)

= Neonates

Older Infants and Children
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Stroke in Children: Comparative Frequency

« Brain tumor in children: ~3/100,000

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

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

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

Stroke in Children: Epidemiology

Children > 1 month old

Frequency of occurrence greater than
originally thought — 3-13/100,000

Males > Females
Blacks > Whites
75% as (AIS)

25% as cerebral sino-venous thrombc
and hemorrhage

Stroke in Children: Epidemiology

Neonates -

occurrence ~1 in 2,500 births

Males > Females
80% as (AIS)

20% as cerebral sino-venous thrombosis
(CSVT) and hemorrhage




The Frequency of Stroke in Childr

Age Group Incidence of Stroke
Adults 175-200/100,000
Children 3-13/100,000
Neonates 25-40/100,000
Premature Infants 100/100,000

Mortality from Stroke

3
11%

Children live many more decades than adults following stroke and their
aggregate cost of care is greater than for adults.

ind Cerebrovascular Center, Boston Children' s Hospital, Boston, MA

Arterial Ischemic Stroke
Outcome after Stroke in Childhood

Neonatal Arterial Ischemic Stroke

Motor deficits 30-50%
Cognitive deficits up to 60%
Executive function
Language
Epilepsy 15-55%

Arterial Ischemic Stroke in Children > 1 month ofa  ge

Motor deficits 65%
Cognitive deficits

Preliminary
P

Data: Seizures in Pediatric Stroke Stu
Predictors- remote seizure >

Probablliy of remote seizure
Probabillty of remote seizure

e ey
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Acute seizure.
No acute seizure.

0 10 20 300 160

imo after stoke (days) Time aftar stroke (¢ay
Number atrisk Time afer stroe (dayz) Number a fisk ° ® (@ays)
2years 61 59 56 s Acute Seizure 2 s a8
S2years 48 a4 41 No acute seizure. ER

International Paediatric

Stroke Study
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Presentation of AIS in Children

» Sudden-onset, focal neurologic
deficits in 85% of non-neonates
—Hemiparesis 60-80%
—Speech difficulty 10-35%
—Visual field defects 5-20%
—Other 18%

ke and Cerebrovascular Center, Boston Children s Hospita, Boston, MA

Weakness of contralateral leg
Behavior changes

Weakness of contralateral face and arm
Speech disturbance (aphasia, dysarthria)
Visual field deficit (hemianopia)
Inattention to stimuli (hemineglect)
Sensory deficits

Posterior cerebral artery
Visual field deficit (hemianopia)
Sensory deficits

Vertebrobasilar system
Dizziness, ataxia, impaired balance Cerebral veins and sinuses (not shown)
Pupil and eye movement abnormalities Decreased level of consciousness
Changes in voice and swallowing Headache
Weakness and sensory changes Vomiting
Decreased level of consciousness

Papilledema late)

enter, Boston Children’ s Hospital, Boston, MA

Arterial Ischemic Stroke

Clinical Signs

Headache

« Occurs in 45% of children who present with stroke

« Associated with arteriopathy, including inflammatory
origin

Seizure

« Occurs in 30% of children who present with stroke

e In a child who presents with first time seizure with
postictal lateralized paresis




Arterial Ischemic Stroke
Treatment of Arterial Ischemic Stroke in Children

* Oxygenation : > 95%
« Normothermia :
— Hyperthermia- treat fever! If present, each degree of |, improves
outcome

— Hypothermia - interest is high based on success with
neonatal HIE
Euglycemia :goal is 70-120 mg/dl; treat if >200 mg/dl
Blood pressure adequacy:
— Maintain cerebral perfusion to brain to avoid exacerbating infarct

— Targets have not been proven- developmental increment in blood
pressure with age

Anticoagulation:
- if cardioembolic origin or cervicocephalic arterial dissection is
suspected

troke and Cerebrovascular Center, Boston Children’ s Hospital, Boston, 1A

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

v

Thrombolysis *+
in Pediatric Stroke

...it’s about time

Goals of TIPS :

To determine safety,

To determine best dose of tPA
To determine treatment feasibility

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

Initial TIPS Sites

Kingdor
Evelina Childre;
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Table 1. TIPS Sites Readiness for Acute Stroke

TIPS: Changes in approach to Porcentage of Stes
acute pediatric stroke Atag Prameer
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Sedated pediatric stroke MRI avallable 24/7 8%
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Developmental trajectory of [tPA]/[PAI-1] ratios

Child, < 18 y.o. Adult
tPAV/PAI-1 tPAAN/PAI-1

tPA Treatment of Pediatric Stroke
Dose: 0.9 mg/kg, IV

Time: Within 4.5 hrs from onset
of symptoms

Absence of intracranial hemorrhage

10/20/2016
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Arterial Spin Labe sion Weighted

Genter, Boston Chikdren s Hospital, Boston, MA

Invasive Endovascular Treatment
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DWI trace

DW ! trace
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Pediatric HyperAcute Stroke Trial (  PHAST), 7 v NINDS-NIH

Specific Aim 1: Determine final volume of infarction seen initially
at presentation , 3 days later and at 6 months

Specific Aim 2: Measure biomarkers in serum to identify indicators
of stroke that correlate with outcome

Specific Aim 3 2} 2V of neuroimaging
serum biomarkers and clinical assessment
individually and together to predict outcome at 6
months

25 cent n North America to participate

e and Cerebrovase er, Boston Childrer’

Specific Aim 1: Evolution of the arterial ischemic str

lesion by MRI

+« DWI
ASL-PWI; SWI} @ presentation, 3-5 days later, 6 months
FLAIR/T2W }
Use of a standardized imaging protocol across participating centers

Specific Aim 2: Ascertainment of serum biomarkers o f stroke

+ Inflammatory markers } > initial presentation and
« Activators of coagulation }

Specific Aim 3: Predictive value of MRI, biomarker s
and initial outcome for outcome at 6 months
« Neuroimaging
« Biomarkers
« Pediatric St utcome Measure
(PSOM)

e and Cerebrovase er, Boston Childrer’
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Conclusions

1. Pediatric stroke has learned from the adult experience of
acute stroke clinical team development

Children with acute stroke can present with lateralizing
features similar to those of stroke in adults. However

children commonly present with symptoms not usually
found in adults---seizure and headache.

Pediatric acute stroke centers established for TIPS now
can treat children with acute with IV thrombolysis or
endovascular thrombolysis or thrombectomy

ind Cerebrovascular Center, Boston Children' s Hospital, Boston, MA
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