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Perinatal stroke: mechanisms, management, and outcomes 
of early cerebrovascular brain injury
Mary Dunbar, Adam Kirton

Perinatal stroke encompasses a heterogeneous group of focal neurological injuries early in brain development that 
probably affects more than 5 million people worldwide. Many such injuries are symptomatic in the first days of life, 
including neonatal arterial ischaemic stroke, cerebral sinovenous thrombosis, and neonatal haemorrhagic stroke. 
The remaining focal neurological injuries usually present later in the first year with motor asymmetry, such as arterial 
presumed perinatal ischaemic stroke, periventricular venous infarction, and presumed perinatal haemorrhagic 
stroke. The numerous sequelae of these injuries include hemiparesis (cerebral palsy), epilepsy, and cognitive, 
language, and behavioural challenges. In this Review we summarise each perinatal stroke disease, examining the 
epidemiology, pathophysiology, acute management, and outcomes, including the effect on parents and families, and 
emerging therapies to mitigate these lifelong morbidities.

Introduction
Perinatal stroke comprises a diverse but specific group of 
cerebrovascular diseases that occur between 20 weeks of 
fetal life and 28 days postnatal life.1 The estimated 
incidence of perinatal stroke is between one in 1600 and 
one in 3000 livebirths,2–4 although rigorous, population-
based estimates for all types do not yet exist. This 
incidence suggests that the perinatal timeframe is the 
most focused lifetime period of risk for stroke.5 Outcomes 
are often poor and most survivors have lifelong disability. 
Perinatal stroke accounts for most hemiparetic cerebral 
palsy and many individuals also have cognitive con
sequences and epilepsy.5 These outcomes result in major 
morbidity for the entire family6 (eg, caregiver depression, 
family functioning) and substantial economic costs for 
society.7 Despite the effect of perinatal stroke, little high-
quality evidence exists regarding pathophysiology, result
ing in few options for treatment and prevention.

Advances in neuroimaging have helped to define specific 
perinatal stroke disease states, facilitating both clinical care 
and research progress. Roughly half of all perinatal strokes 
present in the first days of life, typically with seizures, and 
are termed acute symptomatic perinatal stroke.8 The 
remainder typically present in infancy as hemiparetic 
cerebral palsy, with imaging confirmation of remote 
stroke, and are termed presumed perinatal stroke. Both 
acute and presumed perinatal stroke can be arterial or 
venous and ischaemic or haemorrhagic (figure 1), resulting 
in six clinical and radiographic disease states (figure 2). 
Using this framework, we review the pathophysiology, 
presentation, diagnosis, and management of each type of 
perinatal stroke. We conclude by summarising the adverse 
outcomes they share and the strategies to mitigate them 
towards improved outcomes for children and families.

Acute symptomatic perinatal strokes
Neonatal arterial ischaemic stroke
Neonatal arterial ischaemic stroke is the most common 
type of acute neonatal stroke, comprising about 90% of 
published cases.9 Most stroke events occur near term, but 
some cases have been seen in preterm infants.10 It presents 

in the first 28 days of life and appears on neuroimaging as 
a focal area of ischaemic infarction corresponding to one 
or more arterial territories. The most common present
ation is seizure (either focal or generalised), which occurs 
in 70–90% of infants.11 Typical timing is 12–72 h following 
delivery, and onset outside the first hours of life can help 
to clinically distinguish neonatal arterial ischaemic stroke 
from other causes of neonatal seizure.12 Other present
ations include encephalopathy, irritability, lethargy, in
creased or decreased muscle tone, or feeding difficulties. 
Diffusion MRI is the gold standard for diagnosis of acute 
stroke in the neonate,1 ideally with vascular imaging.13 
Arterial changes might be observed in many cases, 
including occlusion and flow defects, but true arteriopathy 
is rarely described.14 The distribution of neonatal arterial 
ischaemic stroke is typically the middle cerebral artery and 
the left side predominates (figures 1, 2A).15 Involvement of 
the cerebral cortex probably increases the risk of seizures,16 
while diaschisis of the motor pathways can help predict 
motor disability.17

The pathophysiology of neonatal arterial ischaemic 
stroke remains incompletely understood in most cases. 
Substantial evidence arises from case-control studies8,18–22 
examining potential clinical risk factors (table). Given the 

Key messages

•	 There are six specific perinatal stroke diseases definable by 
clinical presentation and neuroimaging.

•	 Periventricular venous infarction is an in-utero stroke 
that predominantly causes motor disability (hemiparetic 
cerebral palsy).

•	 Arterial ischaemic strokes typically cause large lesions near 
term with both motor and non-motor morbidities.

•	 Causative mechanisms are poorly understood. 
Suggestions of causation based on weak evidence or 
theory should be avoided.

•	 Guilt and anxiety of the mother and family about the cause 
of perinatal stroke is common and should be addressed 
early and repeatedly.
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relative homogeneity of the variables explored, the 
associations suggested are notably inconsistent. A con
sistent maternal factor is nulliparity, which was a 
significant risk factor in four studies, with odds ratios 
(ORs) ranging from 2∙0 to 3∙4.8,19–22 Some studies suggest 
that pre-eclampsia or gestational diabetes are associated 
with neonatal arterial ischaemic stroke, but this link was 
modest and inconsistent across studies. The most 
consistently associated factors are the non-specific 
intrapartum markers of difficulty with transition that are 
highly associated with each other. These include 
emergency caesarean section (OR 3.8–18∙0),8,19–22 need for 
resuscitation (4∙5–18∙5),8,18,20,21 fetal heart rate abnormality 
(4∙5–8∙2),8,19,21,22 meconium staining (4∙5–4∙9),8,18,19,21,22 
prolonged second stage of labour (1∙5–8∙9),8,19,21,22 and 
5 min Apgar score less than 7 (4∙0–35∙7).8,19–21 Intrauterine 
growth restriction and small for gestational age have 
been consistently associated with neonatal arterial 
ischaemic stroke (2∙4–3∙9),19,21,22 suggesting there could 
be more chronic stressors on the infant. Male sex appears 

to be a consistent risk factor across studies (1∙0–2∙2),18,20,21 
which has been noted for some time, although 
explanations remain elusive.23 These are non-specific 
findings encountered in many cases of neonatal 
encephalopathy and other non-neurological conditions, 
and even in healthy children. As a group, these risk 
factors do not satisfy established criteria for causation. 
Given the common co-occurrence of neonatal arterial 
ischaemic stroke with other forms of hypoxic-ischaemic 
encephalopathy,24 these associations might just be 
indicative of a fetus at risk of difficult transition, such as 
one connected to an abnormal placenta.

The potential role of the placenta in neonatal arterial 
ischaemic stroke merits consideration. Strong indirect 
evidence supports placental thromboembolism as a 
leading cause of neonatal arterial ischaemic stroke, 
including common bilateral or multiple vascular territory 
lesions suggestive of proximal embolic source (but with 
normal cardiac evaluations) and an extremely low 
frequency of recurrence of less than 1–2%.25 More direct 
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Figure 1: Schematic of perinatal stroke types
Cerebral sinovenous thrombosis is shown as occlusion of the superior sagittal sinus with adjacent venous infarction, and periventricular venous infarction is shown 
with intraventricular haemorrhage and compression of the medullary vein with subsequent venous infarction of the periventricular white matter. X demonstrates 
area of vessel occlusion for adjacent stroke.
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evidence comes from a case-control study that reported 
perinatal stroke to be associated with any category of 
placental pathology (OR 5∙1, 95% CI 1∙9–14∙0) as well as 
amniotic fluid inflammation (OR 2∙6, 95% CI 1∙1–6∙1).26 
Other small studies have further supported an association 
between placental disease and neonatal arterial ischaemic 
stroke.27,28 Preclinical perinatal stroke models further 
suggest direct roles for disordered inflammation in its 
pathogenesis.29,30 Difficulty in obtaining placental tissue 
hours or days after birth, when neonatal arterial 
ischaemic stroke is diagnosed, is a substantial barrier to 
the investigation of this issue.

No substantial evidence exists for trauma as a cause of 
neonatal arterial ischaemic stroke. One interpretation of 
the possible association of neonatal arterial ischaemic 
stroke with operative delivery20,31 is a role for direct trauma. 
However, this association is confounded by the fact that 
operative delivery is often done because of fetal distress, 
which is itself associated with neonatal arterial ischaemic 
stroke. Isolated single case reports suggesting the 
occurrence of arterial dissection do not provide definitive 
evidence, including those with pathological post-mortem 
examination.32,33 Although vascular imaging in the 
neonate can be challenging,13 a large proportion of the 
more than 1000 neonates with neonatal arterial ischaemic 
stroke reported in the scientific literature have undergone 
angiography, and not one report has shown arterial 
dissection. Without dissection, and given that the cerebral 
arteries involved are located deep in the brain, the 
hypothesis that superficial external trauma could cause 
direct arterial injury and neonatal arterial ischaemic 
stroke is not plausible.

Several additional specific causes that can be 
definitively diagnosed are commonly considered. 
Cardiac disease, most commonly complex congenital 
heart disease, is an established risk factor for neonatal 
arterial ischaemic stroke. Echocardiogram investigation 
is standard; however, mounting evidence suggests that 
echocardiography with a normal clinical examination is 
unlikely to change management and is not predictive of 
stroke recurrence.25 Although disordered thrombosis 
might have a role acutely, prothrombic evaluations for 
neonatal arterial ischaemic stroke are typically no 
longer indicated in the absence of other risk factors, as 
three studies have shown no association with neonatal 
arterial ischaemic stroke.25,34,35 Bacterial meningitis 
must always be considered, and stroke complicates up 
to 43% of paediatric cases36 and 33% of neonatal cases 
(unpublished). Clinical factors associated with arterial 
ischaemic stroke in paediatric meningitis include a 
delay in presentation, seizures, and infection with group 
B streptococcus (unpublished). Diffusion MRI can 
show recognisable patterns of meningitis-associated 
neonatal arterial ischaemic stroke, including bilateral 
involvement of the basal ganglia and cortex.37 Treatment 
of meningitis is paramount and intravenous antibiotics 
should be promptly initiated. Anticoagulation is 

considered safe in paediatric patients,38 but studies 
focused on anticoagulation for neonatal arterial 
ischaemic stroke are scarce. The use of steroids remains 
controversial, but should be considered when there is 
evidence of artieropathy. Mortality for meningitis 
complicated by stroke in children was 25% in one study 
(unpublished data).

Acute therapy for neonatal arterial ischaemic stroke 
focuses on neuroprotection. Emergency recanalisation 
strategies are precluded, because precise timing can 
never be known, the infarct is typically well established, 
and the affected artery is often open.39 Management is 
supportive, with antiseizure therapy comprising the 
mainstay, and levetiracetam and phenobarbital are most 
commonly used.36,40 Seizures can be serious and status 
epilepticus is not uncommon, suggesting a role for 
continuous electroencephalogram monitoring. However, 
in most patients, seizures resolve within days, and experts 
agree that with no evidence of efficacy and possible harm 
to the developing brain, most children can and should be 
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Figure 2: Perinatal stroke diseases by MRI
(A) Neonatal arterial ischaemic stroke features acute restriction on axial diffusion-weighted MRI in an arterial territory; 
diaschisis of the splenium of the corpus callosum is also evident. (B) Neonatal cerebral sinovenous thrombosis is 
evident as a filling defect on sagittal magnetic resonance venogram (shown), in this case, in the superior sagittal sinus 
(arrows). (C) Neonatal haemorrhagic stroke detectable on gradient echo or susceptibility weighted MRI (arrow). 
(D) Arterial presumed perinatal ischaemic stroke in a child with hemiparesis is diagnosed by focal encephalomalacia on 
CT or MRI (axial T1-weighted MRI shown) in an arterial territory (arrow). (E) Periventricular venous infarction presents 
with congenital hemiparesis with a focal lesion affecting the periventricular white matter with sparing of the cortex 
and basal ganglia, shown on coronal T1-weighted MRI (porencephaly indicated with arrows). (F) Presumed perinatal 
haemorrhagic stroke a focal area of remote parenchymal injury showing haemorrhage (gradient echo, arrow).
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discharged without antiseizure medication.41 Emerging 
treatment research includes erythropoietin, which has 
strong preclinical evidence for neuroprotection,42,43 and 
improving behavioural performance in phase 2 trials 
in hypoxic-ischaemic encephalopathy and a phase 1 trial 
in neonatal arterial ischaemic stroke;44 a placebo-
controlled phase 2 trial of darbepoetin (NCT03171818) is 
ongoing. Whether the preclinical excitement for cell-
based therapies in adult stroke and other cerebral palsy 
models45 can translate to perinatal stroke is receiving 
ongoing consideration.46

Neonatal cerebral sinovenous thrombosis
Neonatal cerebral sinovenous thrombosis is the 
presence of a thrombus in one or more of the cerebral 
veins or dural sinuses (figure 1). This presence alone is 
not a stroke, but more than 50% of affected neonates 
will incur parenchymal venous infarction that is often 
haemorrhagic in nature.47 Neonatal cerebral sinovenous 

thrombosis has an estimated incidence of 1–12 per 
100 000 livebirths.47,48 Again, the most common 
presenting sign is seizures in the first days of life.47 
Diagnosis is confirmed with combined parenchymal 
and vascular imaging. MRI and magnetic resonance 
venography can confirm a cerebral venous filling defect 
and characterise associated parenchymal changes 
ranging from venous congestion, to infarction 
(restricted diffusion), to haemorrhagic conversion, 
where haemosiderin-sensitive sequences are highly 
sensitive (figure 2B). Pattern recognition informed by 
cerebral venous drainage patterns is essential. For 
example, deep cerebral sinovenous thrombosis often 
features thalamic haemorrhage with intraventricular 
extension and distinctive diffusion restriction patterns 
for bilateral deep white and grey matter areas.49,50

With evidence limited to uncontrolled registry studies 
and case series, causal associations for neonatal cerebral 
sinovenous thrombosis are poorly understood. Clear risk 

Estan and Hope 
(1997)18

Harteman et al 
(2012)19

Chabrier et al 
(2010)20

Martinez-Biarge et al 
(2016)21

Darmency-Stamboul 
et al (2012)22*

Lee et al (2005)8*

Number of cases 12 52 100 79 32 40

Number of controls 24 156 45 508 239 96 111

5 min Apgar score <7 NA 19∙5 (4∙4–86∙4)† 21% cases and 
7∙4% controls†

35∙7 (1∙9–653)†‡ NA 4∙0 (1∙7–9∙2)†

Early-onset sepsis 
(within 7 days of birth)

NA 7∙0 (1∙8–27∙1)† 5% cases and 
2∙9% controls

NA NA NA

Resuscitation at birth 50% cases and 
12∙5% controls†

NA 19% cases and 
5∙1% controls†

18∙5 (4∙0–85∙6)† NA 4∙5 (2∙1–9∙9)†

Fetal heart rate 
abnormality

NA 8∙2 (3∙5–19∙1)† NA 7∙3 (3∙9–13∙7)† 4∙5 (1∙7–12∙1)† 5∙0 (2∙2–11∙6)†

Emergency caesarean 
section

NA 18∙0 (5∙3–61∙1)† 40% cases and 
17% controls†§

6∙8 (3∙8–12∙5)† 1∙6 (0∙5–5∙1) 3∙8 (1∙6–8∙9)†

Intrapartum fever NA 7∙5 (1∙5–38∙7)† NA 5∙3 (2∙0–14∙3)† NA NA

Meconium stain 50% cases and 
25% controls

4∙5 (2∙1–9∙8)† NA 4∙6 (2∙2–9∙3)† 4∙9 (1∙9–12∙9)† 1∙8 (0∙9–3∙9)

IUGR or SGA NA 3∙0 (0∙9–10∙4) NA 3∙9 (1∙0–15∙1)† 2∙4 (0∙5–11∙2) NA

Prolonged second stage 
of labour

NA 1∙5 (0∙3–8∙2) NA 3∙7 (1∙8–7∙3)† 6∙7 (0∙6–76∙8) 8∙9 (2∙1–41∙9)†

Nulliparity NA 2∙0 (1∙0–3∙8)† 46% cases and 
33% controls†

3∙0 (1∙7–5∙2)† 1∙0 (0∙5–2∙3) 3∙4 (1∙5–7∙6)†

Male sex 50% cases and 
50% controls

NA 61% cases and 
51% controls

2∙2 (1∙3–3∙8)† NA NA

Pre-eclampsia 
or pregnancy-induced 
hypertension

NA 1∙0 (0∙4–2∙7) 4% cases and 
3% controls

1∙5 (0∙6–3∙7) 0∙8 (0∙1–7∙6) 4∙9 (1∙2–21∙0)†

Prolonged rupture 
of membranes

NA 0∙6 (0∙2–2∙0) 6% cases and 
2% controls†

11∙5 (4∙0–33∙0)† 0∙6 (0∙2–2∙3) 4∙9 (1∙7–14∙1)†

Vacuum NA NA NA 9∙4 (2∙9–30∙6)† 0∙8 (0∙3–2∙5) 2∙7 (1–6∙8)†

Cigarette smoking NA NA 16% cases and 
15% controls

NA NA NA

Gestational diabetes NA NA 7% cases and 
5% controls

NA 4∙4 (1∙1–17∙7)† 0∙8 (0∙2–2∙9)

Risks are presented as proportions or odds ratio (95% CI). NA=not assessed. IUGR=intrauterine growth restriction. SGA=small for gestational age. *Cases include both 
neonatal arterial ischaemic stroke and arterial presumed perinatal ischaemic stroke. †Results significantly different from OR=1, Mann-Whitney test p<0∙05,18 or χ² test 
p<0∙05.20 ‡Apgar score at 5 min of <5. §Any caesarean delivery. 

Table: Case-control studies of risk factors in neonatal arterial ischaemic stroke
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factors include sepsis and infection (including menin
gitis), dehydration, mechanical sinus compression, and 
cardiac surgery, and less clear associations include 
factors associated with difficult transition and perinatal 
asphyxia.51–53 Evidence for thrombophilia conditions 
remains possible but incompletely defined.54 Prothrom
botic conditions can be assessed in at-risk individuals 
after clot resolution.55

Anticoagulation with low-molecular-weight or unfrac
tionated heparin is generally considered safe, and should 
be considered on a case-by-case basis.56 It is routinely 
recommended at many international centres; however, 
its use is inconsistent both among practitioners and 
across countries.57 There is logical reticence in treating 
with anticoagulation in the presence of haemorrhage. 
However, an appreciation for the cause of haemorrhage 
(back pressure from venous stasis) helps to clarify why 
anticoagulation treatment might actually prevent 
worsening of haemorrhage and progression of throm
bus, and safety data are now substantial.58 Best available 
evidence suggests the absence of antithrombotic therapy 
is strongly associated with thrombus propagation and 
subsequent infarction.58 Complete recanalisation occurs 
by 3 months in 90% of patients.57,58 Randomised trials of 
anticoagulation are in development and are required to 
standardise therapy, to reduce morbidity and mortality.

Neonatal haemorrhagic stroke
Neonatal haemorrhagic stroke is defined as a focal 
accumulation of blood within the brain parenchyma 
(confirmed by autopsy or imaging) presenting with 
encephalopathy, seizures, altered mental status, or 
neurological deficit in the first 28 days following delivery 
(figure 1).59 It refers specifically to term-born children 
and not the germinal matrix and intraventricular 
haemorrhages common in preterm infants. Evidence 
suggests that neonatal haemorrhagic stroke affects at 
least one in 6300 livebirths.59 These estimates include 
both primary intracerebral haemorrhage as well as 
haemorrhagic transformation of focal or global ischaemic 
infarction, but not extra-axial (subdural or epidural) 
bleeds. The incidence for idiopathic intracranial haemor
rhage alone was 1 in 9500 livebirths.

The most common clinical presentation is enceph-
alopathy, followed by seizures and hypotonia, within the 
first days of life.59 Haemorrhagic stroke is best diagnosed 
by MRI with dedicated sequences for blood, such as 
gradient echo and susceptibility-weighted imaging, com
plementing standard anatomical sequences, which 
themselves might provide information about the age and 
timing of bleeding (figure 2C). Additional sequences can 
analyse possible causes, including vessel imaging with 
magnetic resonance angiography and magnetic resonance 
venography, as well as diffusion-weighted imaging, to 
assess for primary, underlying ischaemic injury in the case 
of haemorrhagic transformation. Thalamic or intraven
tricular haemorrhage, in particular, should prompt 

suspicion of deep cerebral sinovenous thrombosis.60 
Haemorrhage is thought to be related to underlying 
weakness in the vessel wall, and the temporal lobe is the 
most common location for idiopathic haemorrhagic stroke 
in newborn babies.59

Evidence of possible causative risk factors for neonatal 
haemorrhagic stroke is limited to two studies, one of 
which relied on administrative data.59,61 Several definitive 
causes are identified in these and additional case series, 
such as structural lesions like arteriovenous malfor
mations and bleeding diatheses, including inherited 
(eg, haemophilia) and acquired (eg, neonatal alloimmune 
thrombocytopenia) conditions. Accordingly, initial in-
vestigations include complete blood count with platelet 
count and coagulation evaluations (international 
normalised ratio and partial thromboplastin time)62 in 
addition to imaging. If haemorrhagic transformation of 
an ischaemic injury cannot be excluded, the additional 
evaluations for neonatal arterial ischaemic stroke and 
cerebral sinovenous thrombosis might also be pertinent.

However, such definitive causes account for few cases 
and the mechanisms of most idiopathic neonatal haem
orrhagic stroke are not well understood. Similar to risk 
factors for neonatal arterial ischaemic stroke, two 
population-based, controlled studies59,61 did observe 
associations with non-specific markers of difficulty with 
transition, including small for gestational age, fetal 
bradycardia, emergency caesarean section, and low 
Apgar scores. Whether these risk factors are related to 
inherent differences in the child, the effects of a brain 
injury that has already occurred, or additional factors is 
unknown.

Intrapartum trauma is often assumed to be a cause of 
perinatal haemorrhagic stroke.62,63 However, carefully 
defined variables for trauma are not associated with 
neonatal haemorrhagic stroke. In fact, all previous 
studies examining risk factors of neonatal haemorrhagic 
stroke either inaccurately recorded trauma or described 
no causative association.63,64 The highest level of evidence 
from the largest case-control study of haemorrhagic 
stroke in full-term neonates that carefully defined trauma 
found that only 4% of cases had experienced intrapartum 
trauma.59 Furthermore, no association was observed with 
any obstetrical variables, including induction, assisted 
delivery, or forceps.59 Therefore, objective evidence of 
severe and unusual trauma, such as a skull fracture, 
should be present before trauma is considered as 
potentially causative of neonatal haemorrhagic stroke.

Severe mass effect, herniation, or other need for urgent 
surgical intervention is rare,59 and management of 
neonatal haemorrhagic stroke is mostly supportive, 
including neonatal neurointensive care and seizure 
monitoring. Repeat imaging after about 3 months, once 
blood products have resorbed, might be helpful in 
illuminating underlying pathologies, such as tumour65 or 
arteriovenous malformation.66 Intraventricular extension 
might be complicated by posthaemorrhagic hydrocephalus 
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that requires continuing surveillance of head circum
ference, imaging, and possible shunting. Morbidity 
with haemorrhage is high and can include cognitive 
challenges.59 Opportunities for treatment and prevention 
are scarce, as idiopathic neonatal haemorrhagic stroke 
most likely represents rare events in uniquely susceptible 
individuals.

Presumed perinatal strokes
Arterial presumed perinatal ischaemic stroke
Arterial presumed perinatal ischaemic stroke is typically 
diagnosed in children who have early motor asymmetry 
or handedness and chronic, arterial infarction on 
neuroimaging in infancy.1,67,68 It represents roughly 
50% of perinatal ischaemic stroke, with an estimated 
incidence of about one in 3600 livebirths. The most 
common presentation is hemiparesis, usually evident 
before age 1 year.69,70 Subtle early handedness can be 
missed from diagnosis for years.71 Less commonly, 
arterial presumed perinatal ischaemic stroke can present 
in the preschool or school-aged years (3–10 years) with 
learning disabilities, cognitive, visual, or other focal 
deficits, or remote symptomatic epilepsy.69 Either no 
indication of seizures, or failure to witness them, might 
explain why some children with arterial perinatal stroke 
present acutely with seizures (neonatal arterial ischaemic 
stroke), while others present outside the neonatal period 
as arterial presumed perinatal ischaemic stroke.72

With similar presentations, imaging findings, and 
outcomes, arterial presumed perinatal ischaemic stroke 
is likely to represent the same condition as neonatal 
arterial ischaemic stroke (figures 1, 2D). Accordingly, 
pathophysiology might be similar, although no controlled 
risk factor studies exist. Comparisons with periventricular 
venous infarction, another presumed perinatal stroke, 
support the idea that arterial presumed perinatal 
ischaemic stroke and neonatal arterial ischaemic stroke 
probably reflect different presentations of the same 
disease.70 Investigations are of limited utility as echo
cardiography is almost always normal25 and chronic 
thrombophilia evaluations have been shown to be non-
contributory.25,34,35

Because the presentation of arterial presumed perinatal 
ischaemic stroke is so remote from the time of injury, 
therapies focus on rehabilitation. Management is centred 
around the presenting complaint and evolution of 
morbidities through development. In keeping with their 
clinical presentation, most children have motor deficits, 
while cognitive and behavioural outcomes can be 
partially predicted by lesion characteristics on MRI.67

Periventricular venous infarction
Similar to other types of presumed perinatal stroke, 
periventricular venous infarction is typically diagnosed 
in term-born children with congenital hemiparesis 
and specific neuroimaging findings (figures 1, 2E). 
The established mechanism of periventricular venous 

infarction in preterm infants is germinal matrix 
haemorrhage before 34 weeks gestation, leading to 
compression of the medullary veins and focal venous 
infarction of the periventricular white matter.73 Periven
tricular venous infarction in term children is thought to 
represent an in-utero version of the same stroke.67 Its 
incidence is difficult to determine, but multiple studies 
suggest that it accounts for about half of presumed 
perinatal ischaemic strokes.70,72

Parents of patients with periventricular venous infarc-
tion recognise motor asymmetry at an average age of 
6 months, but median diagnosis is typically delayed to age 
18 months, later than arterial presumed perinatal stroke.70  
The most common presentation is early hand preference 
and asymmetric motor development, and the lower 
extremity might be relatively more involved compared 
with arterial lesions.70 As a pure subcortical lesion with no 
cortical involvement, seizures and non-motor delays are 
typically not seen.70 Like all perinatal stroke, periventricular 
venous infarction is a clinical and radiographic diagnosis. 
MRI shows unilateral, porencephalic enlargement of the 
lateral ventricle with T2 prolongation of the periventricular 
white matter and internal capsule but sparing of the cortex 
and basal ganglia.74 Evidence of the remote, fetal germinal 
matrix haemorrhage that underlies periventricular venous 
infarction on haemorrhage sensitive sequences adds 
further certainty to the diagnosis.74

Despite being a leading cause of hemiparetic cerebral 
palsy, dedicated studies of periventricular venous infarction 
are scarce and no data from case-control studies have been 
reported that estimate possible causative factors. Some 
case series70 have suggested possible risk factors of 
maternal hypertension, recurrent miscarriage, antepartum 
bleeding, and prenatal infection, but none are established. 
Because periventricular venous infarction occurs months 
before birth, it is unsurprising that it has not been 
associated with intrapartum complications or a difficult 
transition.70 By avoiding the critical care and other 
medical complications incurred by delivered preterm 
infants, periventricular venous infarction represents a 
unique opportunity to study mechanisms of germinal 
matrix haemorrhage. The probable germinal matrix 
haemorrharge and lesion similarity to known connective 
tissue disorders, like COL4A1 mutations,75 suggests that a 
unique genetic predisposition might be responsible for 
some periventricular venous infarction cases. Aside from 
this consideration, no standard investigations are required. 
Management is focused around motor rehabilitation, 
because most children with periventricular venous 
infarction do not have other perinatal stroke morbidities, 
such as cognitive delays or epilepsy.

Presumed perinatal haemorrhagic stroke
Presumed perinatal haemorrhagic stroke was defined after 
a large population-based study of neonatal haemorrhagic 
stroke revealed a few patients presenting after the 
first 28 days of life, analogous to the ischaemic presumed 
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perinatal strokes.59 Although such lesions have certainly 
been noted before, advances in haemorrhage-sensitive 
MRI sequences have increased the ability to detect and 
confirm remote parenchymal haemorrhage (figure 2F). 
The pathophysiology of presumed perinatal haemorrhagic 
stroke is assumed to be similar to that of symptomatic 
neonatal haemorrhagic stroke, although few data have 
been reported. Patients might have genetic conditions 
such as hereditary haemorrhagic telangiectasia, haemo
philia, or acquired bleeding diatheses, such as immune 
thrombocytopenia. Such risks suggest that patients or 
mothers of children with presumed perinatal haemorrhagic 
stroke might have a greater risk of recurrence than those 
without, and thorough investigations of cause should 
occur accordingly. Additionally, small presumed perinatal 
haemorrhagic stroke could possibly occur without 
symptoms outside the perinatal period in early infancy and 
only be detected on later imaging. Similar to arterial 
presumed perinatal ischaemic stroke, clinical presen
tations can include seizures, developmental delay, or early 
motor asymmetry. Presumed perinatal haemorrhagic 
stroke is diagnosed by MRI with the same sequences as 
acute symptomatic neonatal haemorrhagic stroke used to 
identify associated risk factors such as arteriovenous 
malformation. A thorough systemic examination of the 
child and family members has been suggested for 
conditions such as hereditary haemorrhagic telangiectasia, 
and bloodwork should be done to exclude a bleeding 
diathesis. Management is directed towards symptoms 
such as epilepsy.

Outcomes, rehabilitation, and neuroplasticity
Overall, outcomes from perinatal stroke are poor, with 
most patients developing lifelong neurological disabilities 
(figure 3). With such lasting consequences and essentially 
no prevention strategies, a focus on rehabilitation is 

crucial. Although many lessons can be borrowed from 
the management of adult stroke, there are unique 
ramifications in the developing brain, including how 
affected children must develop around such injuries and 
learn, rather than relearn, functions that might be 
affected. Evidence for rehabilitation is also growing from 
studies of cerebral palsy, in which the focal injury in an 
otherwise healthy brain represented by perinatal stroke 
could provide a particularly valuable model.5 Published 
guidelines are available for stroke rehabilitation that 
include children.76,77

Motor outcomes
Impaired motor development is the leading cause of 
disability in children with perinatal stroke. It usually 
takes the form of hemiparetic cerebral palsy affecting 
both the arms and the legs, although patterns might vary 
depending on the location, size, and number of lesions. 
Motor deficits are present in 50–60% of neonatal arterial 
ischaemic stroke cases and more than 80–90% of 
children with presumed perinatal ischaemic strokes.78 
Many motor rehabilitation strategies have emerged in 
the past 10 years, with a steady increase in the number 
and power of clinical trials, some of which are specific to 
perinatal stroke while others include all hemiparetic 
cerebral palsy (most of which are stroke).

The aims of outpatient upper extremity therapy 
include engaging in tasks that are meaningful, repetitive, 
progressively adapted, specific, goal oriented, and, 
ideally, incorporate activities of daily living. Therapies 
undergoing evaluation in clinical trials include 
constraint and bimanual therapies, as well as non-
invasive brain stimulation (eg, NCT03216837, 
NCT02250092, NCT01189058). Most therapies have 
focused on the upper extremities, which are typically 
most affected in perinatal stroke and associated with 
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quality of life. Such therapies aim to take advantage of 
the dynamic nature of the developing brain, which is 
incompletely understood although models are 
improving. Both preclinical and human studies have 
shown that the relative balance of control from the 
healthy and lesioned hemisphere is related to motor 
disability.5 Therapeutic strategies that focus on 
improving the activity of the lesioned hemisphere or 
decreasing control by the contralesional hemisphere 
are suggested but remain unproven.78 Randomised 
sham-controlled trials of repetitive transcranial magnetic 
stimulation and transcranial direct current stimulation79,80 
have shown safety, tolerability, and possible efficacy in 
improving therapy-induced gains in hand function. 
These approaches are challenging the idea that cerebral 
palsy is a static brain injury that cannot be changed.

Language outcomes
Although language outcomes are not always unaffected, 
language functions show a remarkable ability to 
reorganise following perinatal stroke. Difficulties range 
from less than 10% for periventricular venous infarction67 
to 33% for stroke associated with meningitis 
(unpublished data). Children with neonatal arterial 
ischaemic stroke and presumed perinatal ischaemic 
stroke have similar language performance compared 
with their typically developing peers; however, some 
children with right hemisphere injury might be less 
expressive with their affective language.81 Adolescents 
with a history of left hemisphere arterial stroke are more 
likely to make morphological errors, use less complex 
syntax, and use fewer syntactic types compared with 
controls, while those adolescents with right hemisphere 
lesions might also have reduced use of complex syntax.82 
Functional MRI studies of children with left hemisphere 
arterial stroke have reported variable plasticity in 
language localisation, with some children showing 
persistent left hemisphere activation, although some 
others are predominantly right sided, and others are 
bilateral. One study suggested that patients with bilateral 
activation of the superior temporal-inferior parietal 
regions had better language function than those with 
unilateral activation of either hemisphere.83 Children 
might also have challenges with writing morphology 
when compared with controls, but have otherwise 
similar performance for written tasks.84 Language 
outcome from other forms of perinatal stroke are not 
well defined. Early involvement of speech language 
pathology specialists can be helpful for children 
manifesting language delays. A lack of language 
development, or a loss of language ability, should prompt 
immediate investigation to exclude electrographic status 
epilepticus in sleep.85

Cognitive, intellectual, and behavioural outcomes
Contrary to motor and language outcomes, which can 
usually be estimated in the first 2 years after perinatal 

stroke, cognitive, intellectual, and behavioural challenges 
might only manifest many years later as deficits become 
more apparent with age. The prevalence of such deficits 
is not well defined, but are as high as 69% for patients 
with neonatal arterial ischaemic stroke.86 A study of 
40 children with neonatal arterial ischaemic stroke and 
presumed perinatal stroke (arterial presumed perinatal 
ischaemic stroke and periventricular venous infarction) 
found that their average intelligence was in the low–
normal range, but significantly lower than the normative 
cohort.87 Average scores were also lower for attention, 
verbal retrieval, inhibitory control, flexibility and shifting, 
planning and organisation, and processing speed. 
Working memory was the only domain that was not 
different from the control group. Unlike adults with 
stroke, cognitive performance does not seem to be 
strongly affected by lesion size or side.88 However, the 
presence of epilepsy is associated with adverse cognitive 
outcomes, and potentially treatable epileptic encephalo
pathy should be screened for in any child not following 
normal developmental curves.

Given that cognitive, intellectual, and behavioural 
challenges are common in children with perinatal stroke, 
formal neuropsycholgical testing upon entry to school is 
recommended to determine any need for educational 
support and learning strategies. Comorbidities, such as 
attention-deficit hyperactivity disorder (ADHD), should 
be screened for with standard measures. Although care 
providers can be reluctant to treat ADHD with stimulants 
in the setting of epilepsy, there is no evidence that 
treating ADHD worsens seizures,89 and improving 
attention might be crucial to the child’s academic and 
other successes. Cognitive rehabilitation strategies 
specific to perinatal stroke have not yet been developed.

Epilepsy
Although most children who present with symptomatic 
seizures can be weaned from antiseizure medications 
before discharge, remote symptomatic epilepsy often 
occurs years after perinatal stroke. Epilepsy prevalence 
ranges from approximately 6% for neonatal haemorrhagic59 
stroke to 40–50% for neonatal arterial ischaemic stroke86 
and arterial presumed perinatal ischaemic stroke.67 In one 
study, neonatal seizures increased the risk of remote 
seizures or epilepsy with a cumulative incidence of 
69% over 10 years and an overall prevalence of epilepsy of 
54%.90 In another study of neonatal arterial ischaemic 
stroke, epilepsy was present in only 16% of patients 
presenting with seizures,91 suggesting substantial 
variability, which might relate to factors such as the size 
and location of infarcts and associated comorbidities. 
Lesions involving the cortex are more likely to be 
associated with epilepsy.67 Epilepsy has been associated 
with poor neurodevelopmental outcomes in children with 
perinatal stroke, and thus identification and treatment of 
seizures remain important.88,92 Any developmental delays 
should prompt additional investigations, particularly 
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electroencephalogram monitoring with sleep to assess for 
epileptic encephalopathy, such as electrographic status 
epilepticus in sleep, which might be particularly common 
after thalamic haemorrhage secondary to deep cerebral 
sinovenous thrombosis.93 For patients with medically 
refractory epilepsy, surgical resection of the injured area 
can result in seizure freedom and improved quality of 
life.94 These interventions should be considered early, 
because ongoing seizures might negatively affect neuro
plasticity and neurodevelopmental outcomes.

Parental and family outcomes
Parents of children with disabilities have increased 
stress and anxiety, and reduced quality of life, which 
appears to be proportional to the degree of disability.95 
In the case of perinatal stroke, anxiety can be compound
ed by knowledge of the timing of the stroke (in utero 
or at birth) but an inability of physicians to assign 
specific causative explanations, which can often lead 
to misplaced emotions of guilt in the mother, with 
consequences for the entire family, including post-
traumatic stress disorder, depression, and marital 
discord.6 The degree of blame regarding the cause of a 
child’s disability can affect the association between the 
severity of the cerebral palsy and degree of caregiver 
depression.6 One of the most meaningful interventions 
takes only a few minutes: explicitly educating the 
parents and informing the mother that the child’s stroke 
could not have been prevented and is no way her fault. 
Numerous support groups are also available, which can 
be useful to families.

Search strategy and selection criteria

We searched MEDLINE for articles from before 
March 6, 2018, using the terms “stroke” or “brain 
ischaemia” combined with keywords “perinatal” or 
“neonatal” and limited the search to English-language 
articles about humans, which produced 448 results. We 
reviewed titles for relevance, excluding articles about 
hypoxic ischaemic encephalopathy, brain injury specific to 
premature infants, case studies, childhood stroke, and 
pregnancy-related maternal stroke, resulting in 203 articles 
for review. We did another MEDLINE search for cerebral 
sinovenous thrombosis, including perinatal, neonatal, and 
newborn terms with terms for cerebral thrombosis (“sinus 
thrombosis”, “intracranial thrombosis” or “intracranial 
thrombosis CSVT”, and “CVST”) and limited the search to 
English-language publications and humans, producing 
236 articles, which we then evaluated for exclusion criteria, 
including maternal complications, other stroke types, 
perisurgical complications, adult cases, preterm infants, 
and duplicate articles from the neonatal stroke search, 
resulting in 84 articles for review. Additionally, we screened 
the reference sections of the identified papers for 
potentially overlooked articles.

Conclusions
Perinatal stroke can now be defined as one of six specific 
disease states, on the basis of clinical presentation and 
neuroimaging findings. Acute symptomatic varieties 
typically present with seizures, presenting challenges for 
early recognition and prompt imaging diagnosis that can 
afford opportunities for neuroprotection and improved 
outcomes. Presumed perinatal stroke varieties usually 
present with hemiparetic cerebral palsy well after the 
inciting injury, shifting the focus of efforts towards 
neurorehabilitation to improve function and minimise 
lifelong disability. Across all forms of perinatal stroke, 
causative mechanisms are poorly understood, high
lighting the need for additional studies as well as caution 
in assigning causation. Complex morbidities must be 
considered for all forms of perinatal stroke, including 
epilepsy, cognitive and behavioural disorders, and 
adverse effects on the mental health of the individual and 
entire family, who must remain at the centre of care.
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