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Classification

3 key factors: the type of vessel affected; the timing, and the clinical presentation 



Topography of infarction in arterial distribution



Left MCA more commonly affected? 



Sequela of infarction

Porencephaly               Multicystic encephalomalacia      Hydranencephaly

Significant glial response > 28 weeks



1. Major causes of PAIS 



2. Major causes of PAIS 





Collagen 4A1 mutation

Collagen 4 is critical for vascular basement membrane stability and function
Mutation results in abnormal vascular development
At risk of diverse cerebrovascular diseases including cerebral microbleeds, 
porencephaly and fatal intracerebral haemorrhage (ICH).
AD inheritance pattern



Are neonatal stroke and HIE related ?







Perinatal inflammation



Clinical manifestations of NAIS

Neonatal arterial ischemic stroke Hypoxic ischemic encephalopathy

Seizures, especially focal seizures, 
with onset after 12 hours of life.

Seizures most often within 12 hours 
of life 

10% exhibited encephalopathy, most 
often mild in nature
Preterm infants: commonly 
asymptomatic
83% respiratory difficulties/apnea
30% seizures



MCA Arm face > leg

Parietal and 
occipital lobes

Sensory deficits

PCA Visual defects

Parasagittal injury Hypotonia and weakness of the 
proximal extremities. Upper limbs, 
especially shoulder girdle more 
affected than lower limbs 



Diagnosis of NAIS



Thrombophilia Studies



OR for thrombophilic stroke risk factors 

Circulation 2010



Coagulation testing indicated? 

The association between thrombophilia markers and arterial perinatal stroke is 
minimal. Therefore, it is likely that no added prognostic or treatment 
information will be gained from routinely performing thrombophilia profiles in 
infants with either acute NAIS or presumed perinatal ischemic stroke.

Exceptions: strong family history of thrombotic disease  or multiple sites or a 
large burden of thrombosis 



Routine testing in children indicated?



Acute management of NAIS

Evidence based management strategies are limited/consensus derived 

Neuroprotection: normoglycemia; ventilation/oxygenation, 
avoidance of hyperthermia , seizure management (aEEG)
Hypothermia: trails pending

Antiplatelet therapy (Aspirin) and anticoagulation  (LMWH UFH) is rarely 
indicated because of low risk of recurrence.   
However, it must be considered in neonates with ongoing cardioembolic risk
Thrombolytic agents not recommended

Erythropoietin: Trails pending 
Stem cells: phase 1 clinical trial 



Later therapies

Early implementation of physical, occupational and speech therapy
Trial: Early therapy in Perinatal Stroke (eTIPS)-a parent delivered
home based complex intervention first 6 months.

Constraint induced movement therapy & extensive gait training
Non-invasive neuromodulation: inhibitory repetitive transcranial magnetic 
stimulation    



Prognosis of NAIS



Extent of the lesion Likelihood of hemiparesis

Distribution of the MCA stem
(cerebral cortex-white matter-basal 
ganglia-PLIC)

Nearly 100%

Hemisphere contralateral to the 
infarction is affected, even not 
severely  

Close to 100%

Cortical branch or only the 
lenticulostriate vessels affected

Less than 10%

Internal capsule together with either 
basal ganglia or cerebral cortical 
involvement

Rare



Likelihood of hemiparesis ?



Stroke territory subtypes









Neonatal Cerebral Sinovenous Thrombosis

Superior sagittal sinus involvement in 65% of patients, lateral sinus
thrombosis in 50% or deep venous system in 50%; multiple sites 50%
Infarction present in 40-80% and hemorrhagic in most, IVH 35-55%;
Hemorrhage in caudate and thalamus less common    



Clinical presentation

Non-specific with lethargy, irritability and seizures
Seizures initial presentation 60-70% of cases
The presence of seizures does not predict the occurrence of long-term
epilepsy. 



Risk and causes

Pathogenesis often involves multiple factors
Most often: preeclampsia, maternal diabetes, perinatal stress, 
Congenital cardiac disease, ECMO, sepsis, dehydration or prothrombotic
coagulation defect

Although these factors are commonly thought of as risk factors, no 
controlled studies have proved the associations 



Investigations

Diagnosis is best made by MRI/MRV

Thrombophilia evaluation in the neonate has limited clinical utility because
levels of protein C, protein S, anti-thrombin, and factor XI are normally decreased
to 30% of adult levels.  



Management of CSVT 

Acute management of CSVT is similar to NAIS
Prompt treatment of sepsis, meningitis and 
dehydration.

Decompression pillow alleviates occipital
compression  increase blood flow in sigmoid sinus
and superior saggital sinus.



Anticoagulant therapy in CSVT

No worldwide consensus but a distinct tendency towards
increased use has developed in recent years
Reason: prevention of clot propagation which occurs 30% of cases, most often 
in the 1st week after the primary insult.
Benefit: reduces the rate to 3% 
Safety: No apparent increased risk of bleeding

Recommendation: CSVT without hemorrhage & CSVT with thalamic hemorrhage
LMW Heparin for 6 weeks
Follow-up imaging study: recanalization complete  discontinue

recanalization not complete  additional 6 weeks





Prognosis of CSVT

Mortality 10-20% 
Individuals with venous infarction and those with seizures  at the time
of diagnosis tend to experience more serious neurological sequelae.
Recurrence risk of CSVT appears to be low   



Conclusions

An incomplete understanding of the causes of all forms of neonatal stroke
limits our ability to develop preventative strategies.

Although there is some observational evidence that antithrombotic agents
might benefit selected neonates with AIS or CSVT, clinical trials are lacking.    
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