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ABSTRACT

Stroke, increasingly recognised in children in recent years, is an important cause of long-term morbidity and disability. It can be 
classified by the stroke type as either arterial ischaemic stroke (AIS), haemorrhagic stroke (HS), or cerebral sinovenous throm-
bosis (CSVT). Furthermore, perinatal and childhood stroke can be distinguished. A wide range of conditions associated with 
paediatric stroke has been identified, which differ significantly from those in adults. A paediatric stroke can also present with 
a variety of symptoms and signs, both specific and non-specific. Because of the diversity of the underlying risk factors, limited 
awareness among the medical community, and therefore insufficient recognition of paediatric stroke symptoms, diagnosis can 
be difficult and is often delayed. This limits access to acute interventions. The goal of this paper was to examine the current 
guidelines for the diagnosis and treatment of paediatric stroke.
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Introduction

The World Health Organisation defines stroke as “a clini-
cal syndrome typified by rapidly developing signs of focal or 
global disturbance of cerebral functions, lasting more than 
24 hours or leading to death, with no apparent causes other 
than of vascular origin”.

Stroke is an important cause of long-term morbidity and di-
sability in children. It has been increasingly recognised in chil-
dren in recent years. The overall incidence ranges from 2.1 to 
7.8 per 100,000 per year [1–3]. For childhood arterial ischaemic 
stroke (AIS), the incidence is 1.60 per 100,000 per year, and 
among these the highest incidence occurs in those aged under 
one year, where the incidence is as high as 4.14 per 100,000 per 
year [4]. The estimated incidence is 1.2 per 100,000 per year for 
haemorrhagic stroke (HS) [5], and 0.25-0.67 per 100,000 per 
year for cerebral sinus venous thrombosis (CSVT) [6–9]. Stroke 
is among the top 10 causes of death of children in the United 
States, with an estimated mortality rate of around 5% [10, 11]. 
It is suggested that Asian and black children are at significantly 

higher risk of AIS than white children [4, 5, 12], while boys are 
at a higher risk than girls [5, 13]. 

Perinatal, neonatal and childhood stroke can be distin-
guished. The term ‘perinatal stroke’ describes a stroke that 
occurs between 28 weeks gestation and 28 days after birth, 
whereas ‘neonatal stroke’ concerns only the period of the 
28 days after birth, while a ‘ childhood stroke’ occurs between 
the ages of 29 days and 18 years. According to pathophysiolo-
gical changes, two stroke types can be distinguished: HS and 
ischaemic stroke (IS) with its two subtypes CSVT and AIS [14].

According to a retrospective study based on the California 
state database from 1991 to 2000, 51% of cases of paediatric 
stroke were IS, whereas 49% were HS [5]. In children, as in 
adults, the most common type is AIS, accounting for 80% of 
neonatal strokes [15] and approximately 55% of childhood 
strokes [5, 16]. Around 15.4% of cases of paediatric AIS are 
bilateral and involve anterior circulation in around 80% of 
cases [17]. The rarest is CSVT, although in one study it was 
diagnosed in up to 25% of IS cases [18]. Those most frequently 
affected by CSVT are neonates [7].
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Risk factors

A wide range of conditions associated with paediatric stro-
ke has been identified (Tab. 1). These factors differ significantly 
from those in adults [19–22]. In a large-scale study by Mackay 
et al., the most common were arteriopathies (53%), cardiac di-
sorders (31%), and infections (24%) [23]. In a study by Mallick 
et al., at least one risk factor for childhood AIS was identified 
in around 80% of cases and a significant number of children 
had multiple risk factors. Aetiology remained undetermined 
in around 10% of children [4]. In order to improve strategies 
for stroke prevention and reduce the risk of recurrence, it is 
essential to identify all the underlying risk factors. 

Because of the diversity of these underlying risk factors, 
limited awareness among the medical community and there-
fore insufficient recognition of paediatric stroke symptoms, 
diagnosis can be difficult and is often delayed. Reported 
intervals have ranged from 16 to 25 hours from the onset of 
symptoms to the stroke diagnosis [24–26].

Clinical presentation

A paediatric stroke can present with a variety of symp-
toms and signs, both specific and non-specific. The clinical 
presentation depends on the type of stroke, the age of the 
child, and which vessels are involved. Stroke presentation 
in children and adolescents is notably distinct from that 
seen in adults. A non-specific character of manifestations of 
stroke is more frequent in younger children, whereas with 
increasing age the signs and symptoms are more similar to 
those of an adult.

In AIS, the most common symptoms are focal neurological 
signs, including hemiparesis, speech disturbance and visual 

disturbance. Non-focal signs are presented in more than half 
of children with AIS, including reduced level of consciousness, 
headache, seizures and papilledema [4, 23, 27, 28]. In the Ca-
nadian Paediatric Ischaemic Stroke Registry of 160 children 
with CVST, 76% of the children had diffuse neurological 
signs (including decreased level of consciousness, headaches, 
papilledema and jittery movements), 58% had seizures, and 
42% had focal neurological signs [7]. Similarly to IS, the most 
common symptoms in HS are focal deficits, but non-focal signs 
are significantly more frequent than in AIS.

Depending on the age of the child, the presenting symp-
toms of stroke differ. Neonatal stroke mostly presents with se-
izures and non-focal neurological signs. Frequently abnormal 
tone and altered level of consciousness are observed. During 
the first days, neonates may also present feeding difficulty, 
increased crying, and lethargy. Irritability and sepsis-like 
symptoms with cold extremities have also been observed. Lo-
calised symptoms are infrequent in neonates, but among them 
the most frequent is lateralising hemiparesis. In comparison, 
older children have commonly focal neurological deficits in 
addition to non-specific symptoms [29–31].

Children may also present symptoms lasting < 24 hours, 
compatible with transient ischaemic attack (TIA). However, 
TIA among children is not well described and presumably 
underdiagnosed. In a US study investigating the prevalence of 
TIA in children in a large national database, the ratio of TIA 
requiring hospitalisation to stroke admissions was 1:4.8 [32].

Evaluation of clinical status

A proper assessment of a child’s clinical status is essential 
to provide the highest opportunity for survival. The most 
popular scale for paediatric stroke patients is the Paediatric 

Table 1. Risk factors for childhood AIS and HS [4, 24]

Risk factors for childhood AIS

Arteriopathies: focal cerebral arteriopathy, moyamoya, arterial dissection, central nervous system vasculitis

Cardiac disease: congenital cardiac disease, acquired heart disease, isolated PFO, post cardiac surgery (within 72 h), previous cardiac surgery or cathete-
risation, arrhythmia, extracorporeal membrane oxygenation

Sickle Cell Disease

Infection: varicella zoster, upper respiratory tract infection, multiple infections

Genetic and acquired thrombophilia: factor V Leiden, PT20210, MTHFR c^77T, protein C deficiency, increased lipoprotein (a), high homocystinuria, 
antiphospholipid syndrome

Other: cervical rib, iron deficiency anaemia, radiotherapy, high alpha 1 antitrypsin, head or neck trauma, under-vaccination, haematological malignancy, 
trisomy 21

Acute systemic conditions: shock, dehydration, acidosis, hypoxia, fever for > 48 hours, sepsis

Chronic head and neck disorders: migraine, intracranial malignancy, cerebral aneurysm, ventricular shunt, PHACES syndrome

Risk factors for childhood HS

Vascular disorders: arteriovenous malformation, cavernous malformation, cerebral arterial aneurysm, moyamoya

Clotting disorders: severe platelet disorder, low platelet count, severe inherited bleeding disorder, anticoagulation, severe vitamin K deficiency

Sickle Cell Disease

Illicit drug use: amphetamines, cocaine



118

Neurologia i Neurochirurgia Polska 2020, vol. 54, no. 2

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

National Institute of Health Stroke Scale (PedNIHSS). Ped-
NIHSS was developed by adapting all the exam items and 
scoring ranges of the NIH Stroke Scale (NIHSS) to an age-
-appropriate format. PedNIHSS is applicable especially for 
children over the age of two years. The scale is less accurately 
adjusted for children of two and under due to their limited 
language ability and the nonfocal character of symptoms [33].

In order to measure neurological recovery after stroke, the 
Paediatric Stroke Outcome Measure was developed. This scale 
is suitable for everyone from neonates to adults, and can be 
applied during the treatment of children as they recover [34].

Differential diagnosis

Childhood stroke can be mistaken for many conditions. 
Acute neurology symptoms are commonly qualified as pre-
sentations of more common alternative illnesses. Among 
342 admissions of acute paediatric diseases affecting the brain, 
migraine (28%), seizures (15%), Bell’s palsy (10%), IS or HS 
(7%), and conversion disorders (6%) represented the five most 
common diagnoses [35]. Although listed in fourth place, stroke 
is not commonly considered by clinicians. This oversight leads 
to significant delays in diagnosis, and therefore decreases the 
chances for clinical trials of acute interventions [36, 37].

There are no specific symptoms of paediatric stroke. 
However, clinicians’ alertness in relation to a higher possible 
association with stroke should be raised when the patient 
presents with an inability to walk, facial and arm weakness, 
and where the patient had an unimpaired health status in the 
week preceding the first symptoms [38].

Diagnostics

Children presenting symptoms suggesting a higher risk of 
stroke should undergo an immediate neurological assessment 
including urgent neuroimaging [14].

Non-contrast head computed tomography (CT) is com-
monly used as the first imaging investigation in a child pre-
senting with possible stroke, and this can rule out intracranial 
haemorrhage. Nevertheless, for the detection of AIS and 
conditions presenting similar clinical features, CT has limited 
sensitivity [39]. CT frequently shows no abnormalities within 
the first six hours in AIS [40, 41]. Outcomes of studies con-
ducted in adults show there may be no significant changes in 
CT imaging up to 24h from symptoms onset. Therefore, using 
only CT can lead to diagnostic delays and impede access to 
reperfusion therapies. 

Magnetic resonance imaging (MRI), especially diffusion-
-weighted sequence (DWI), is the most sensitive modality for 
the diagnosis of IS and is indicated as the most appropriate 
imaging investigation when IS is suspected. Nevertheless, 
compared to CT, apart from the limited availability and 
expensiveness, there is the problematic matter of MRI dura-
tion. Additionally, in children, MRI more frequently requires 

sedation or general anaesthesia. As a replacement for MRI in 
diagnosing IS, computed tomography angiography (CTA) has 
been proposed. A swift diagnosis is vital to enable the possible 
use of thrombolytic and endovascular interventions. Due to 
the prolonged duration of MRI, special rapid protocols have 
been developed [14, 42]. 

Australian guidelines recommend rapid MRI as the 
diagnostic imaging modality of choice when paediatric AIS 
is suspected. Where urgent MRI is impossible, CT imaging 
including CTA and CT perfusion can be considered as an alter-
native, particularly in older teenagers. When HS is suspected, 
CT and MRI are both acceptable and one or the other ought to 
be performed. It is also recommended to keep to a minimum 
the level of radiation exposure during head CT [14].

The Royal College of Paediatrics and Child Health (RC-
PCH) guidelines recommend using MRI imaging only if it is 
available within one hour of admission to hospital. It is recom-
mended to perform a CT scan within one hour of admission 
to hospital in every child with a suspected stroke. This should 
include CTA limited to intracranial vascular imaging if HS is 
demonstrated, or CTA (covering aortic arch to vertex) if the 
scan does not show a haemorrhage. Additionally, it is recom-
mended to provide MRI if the initial CT is negative, and yet 
a stroke is still suspected [27]. 

To speed up the diagnostic process, it is vital to develop 
a diagnostic algorithm as presented in Figure 1 [14, 27, 43]. Pro-
per diagnostics are built upon understanding the entire medical 
history and rapid sequence MRI where this is possible. In a case 
where urgent MRI is unavailable, low radiation CT is proposed. 
The exclusion of HS and the confirmation of AIS within 4.5 ho-
urs enable the consideration of intravenous administration of 
tissue plasminogen activator (t-PA) or thrombectomy.

In order to facilitate the accessibility of hyperacute reper-
fusion therapies and to shorten MRI time to 15-20 minutes, 
many centres have developed a hyperacute imaging protocol 
including: DWI and apparent diffusion coefficient (ADC) 
maps (confirming the diagnosis of a stroke) and susceptibility-
-weighted imaging (SWI) or gradient echo (GRE) to detect 
a haemorrhage [39]. A full diagnostic imaging protocol and 
diagnostic investigations are often required during the initial 
hospitalisation, even if the stroke is confirmed by the hype-
racute protocol. Finding the initial cause contributes greatly 
to preventing recurrences.

Treatment

As stressed previously, clinicians still face multiple difficul-
ties concerning diagnostics, clinical assessment and defining 
aetiology of a stroke in a paediatric patient. Due to the long 
delays preceding a conclusive diagnosis, the high frequency of 
stroke-resembling conditions, and the scarcity of stroke care 
teams and units within paediatric centres, it is very difficult 
to evaluate the advantages and risks of some types of acute 
treatment, e.g. thrombolysis. 
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The diversity of the underlying risk factors makes it chal-
lenging to correctly assess the primary cause of the stroke and 
administer causal treatment, if available. Furthermore, the 
age of the patient must be taken into account when making 
a decision about treatment. There are significant differences in 
managing a stroke in neonates, children and adolescents. It is 
also a matter of concern that the simple adoption of methods 
used in adults seems inappropriate, despite all the promising 
results and the evidence of benefit over risk. Differences 
between these two populations can most clearly be seen in 
terms of pathophysiology, aetiology, and developmental dif-
ferences in the fibrinolytic system [such as lower endogenous 
plasminogen levels and higher plasminogen activator inhibi-
tor-1 (PAI-1) levels].

The number of randomised or large studies is limited; there-
fore, the guidelines are based on expert consensus, smaller study 
reviews, cohort studies, and case report reviews. It is difficult to 
conduct a prospective study in a paediatric population, like TIPSS 
(Thrombolysis in Paediatric Stroke Study), which was closed becau-
se of the lack of patients that would hit the time window for t-PA.

Guidelines differ slightly throughout the world, starting 
with the procedure after admission. Most experts agree about 
monitoring certain parameters in children with a suspected 
or confirmed stroke. While the diagnostic process is still in 
progress, it is recommended to maintain within normal limits 
selected medical parameters, which we will refer to as a ‘hype-
racute treatment’ (Tab. 2). The aim of hyperacute treatment is 
to prevent further damage to the brain tissue.

Figure 1. Proposed diagnostic pathway in children with suspected AIS. Adapted from the Australian Childhood Stroke Advisory Committee‘s 
Guidelines for the Diagnosis and Acute Management of Childhood Stroke 2017 and Rivkin MJ, Bernard TJ, Dowling MM, Amlie-Lef
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Table 2. Suggested acute treatment [1–3, 11, 13, 15, 44, 47]

Monitoring

• monitor blood pressure, temperature, oxygen saturation, heart rate, 
respiratory rate

• assess in Glasgow Coma Scale or AVPU; assess in PedNIHSS score

• withhold oral feeding

• establish iv access

Oxygenation and ventilation

• supplementation in hypoxemic children ≤ 93%

• uncertain functional outcome

• consider intubation if: GCS <8, loss of airway reflexes, signs of raised ICP

Blood pressure

• treating hypotension

• maintaining BP between 5th and 95th percentiles for age

• pressure lowering treatment, i.e. labetalol, to consider: in HS if BP  
> 15% over 95th percentile; in AIS patients who are otherwise eligible 
for intravenous thrombolysis; hypertensive encephalopathy; organ 
damage/dysfunction

Hydration

• to consider fluid bolus 10ml/kg 0.9% NaCl (recommendation based 
on trials in adults)

Glycaemia

• to consider treating hypo- and hyperglycaemia, although tight blood 
glucose levels are not recommended (both in HS and AIS; recom-
mendation based on outcomes on trials in children with other critical 
illnesses; hyperglycaemia is considered with increased morbidity, 
meningococcal sepsis and poorer outcome in traumatic brain injury)

Fever

• treat with acetaminophen when temperature > 37 (37.5) °C

Seizures

• treat immediately with anticonvulsant in acute setting

• it is suggested to use relatively non-sedative medication, i.e. levetira-
cetam or phenytoin

Anticoagulation

• aspirin: 5 mg/kg up to maximum of 300 mg / 24h, after exclusion of 
haemorrhage; or

• UFH or LMWH, if AIS resulting from cardiac or thrombophilia causes

• UFH: 75-100 U/kg initial bolus dose; then 20 U/kg/h; higher dose in 
infants (28 U/kg/h)

• enoxaparin: 1.0 mg/kg every 12 h SQ; higher dose in infants (1.5 mg/ 
/kg/dose) with anti-factor Xa monitoring (aim for 0.5-1.0 U/mL)

tPA protocol

• as used in TIPSS

• conditions to consider iv tPA: age between 2 and 17 years; acute AIS 
confirmed by MR or CT; time within 4.5 h of stroke onset; PedNIHSS  
≥ 4 and ≤ 24; intracranial haemorrhage excluded

• bolus: 10% of total dose iv, over 5 min

• infusion: remaining 90% iv, over 1 hour

• total dose: the adult dose of 0.9 mg/kg is suggested

into account before making any decision concerning further 
treatment.

Antithrombotic or anticoagulant therapy

As the initial treatment of IS begins, antithrombotic or 
anticoagulant therapy such as aspirin (ASA), low-molecular-
-weight-heparin (LMWH), or unfractionated heparin (UFH) 
is recommended [44]. 

There have been no randomised controlled trials inve-
stigating the efficacy of these therapies in children, although 
most guidelines suggest it is reasonable to assume their safety 
based on the limited data available, and also that they prevent 
further ischaemic damage. 

 As contraindications of therapy, exclusion of dissection 
and embolic causes, and the presence of intracranial hae-
morrhage are indicated. It is strongly recommended that 
antiplatelets and anticoagulants shall not be administered 
within 24 hours after the neurovascular intervention. Addi-
tionally, there is no comparative data of high quality between 
antithrombotic and anticoagulant therapy in paediatric stroke. 
While ASA is believed to be safer and cheaper, it has been 
suggested that there will be better clinical outcomes when 
using heparins in the adult population. However, more studies 
need to be conducted to determine the best treatment schemes 
[13, 14, 27, 45, 46].

The RCPCH guidelines recommend the start of antithrom-
botic treatment at the presentation of AIS, in the absence of 
contraindications. Although there is not enough evidence to 
confirm which group of antithrombotic drugs (antiplatelets 
(ASA and clopidogrel) or anticoagulants (UFH, LMWH) is 
better, the RCPCH guidelines recommend using 5mg/kg of 
ASA up to a maximum of 300mg within 24 hours of the diag-
nosis of AIS and, after 14 days, reducing to a dose of ASA 1mg/
kg to a max of 75mg. Nonetheless, it is not recommended to be 
routinely given to children and young people with sickle cell 
disease (SCD). ASA is recommended because of its lower cost, 
less need for monitoring, and extensive clinical experience of 
its safety and tolerability.

Australian guidelines do not indicate a specific dosage of 
ASA. The recommendation of using antithrombotic drugs is 
weaker, although anticoagulation and antiplatelet therapies are 
considered to be safe in children with AIS after the exclusion 
of a haemorrhage.

Thrombolytic therapy / revascularisation 
therapy 

After revolutionary outcomes of the trials of thrombolytic 
therapies in adults, there is a tendency to find criteria for 
safe administration of TPA to treat children with AIS. Ran-
domised trials among adults have shown reduced disability 
and mortality; however, no such trial has been completed 
in children. 

Multiple ways of managing stroke are available. The 
patient’s age, general and neurological condition, co-mor-
bidities, and suspected aetiology of a stroke must be taken 
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 As mentioned before, there cannot be a simple extrapo-
lation of protocols from adult to paediatric populations, due 
to factors including differences in pathophysiology and drug 
distribution. An attempt to find the safe maximal doses of 
intravenous t-PA in AIS was made in TIPSS [47], among three 
doses (0.75, 0.9 and 1.0 mg/kg), but the trial was closed due 
to a lack of patient recruitment. Most patients were beyond 
the time window to administer intravenous tPA (> 4.5h from 
the onset of stroke symptoms) [14, 43].

Despite the fact that most guidelines provided by asso-
ciations from multiple countries do not recommend t-PA 
therapies outside clinical trials, a growing number of publi-
cations have described the use of this therapy in individual 
cases [14, 27, 48].

The Department of Neurology of the Boston Children’s 
Hospital in the USA suggests using a dose of 0.9mg/kg of in-
travenous t-PA, which is similar to the dose used in the adult 
population. As mentioned before, there has been no study 
completed in children to optimise the t-PA dosage. Other 
studies have cited a range from 0.2 to 1.2mg/kg.

According to the RCPCH guidelines, the off-label use of 
t-PA may be considered in children with AIS aged over two 
while meeting special criteria (among them: confirmed AIS, 
acute neurological deficit, PedNIHSS score of 4-24 inclusive, 
remaining within the therapeutic window of 4.5 hours, the 
exclusion of intracranial haemorrhage, and a lack of contra-
indications). According to the Australian guidelines there 
are weak recommendations for using t-PA therapy. t-PA may 
be appropriate in specific children who fulfill special criteria 
similar to those defined by the RCPCH guidelines. Treatment 
with t-PA should only be considered in medical centres of high 
reference with an experienced team of neurosurgeons and 
neurologists. Decisions about the treatment should be made 
taking into consideration all precautions.

Endovascular therapy

Another path being considered is endovascular therapy 
(EVT). In adults there have been favourable outcomes from 
six randomised controlled trials of endovascular thrombec-
tomies in AIS. When comparing t-PA to EVT safety, the 
outcomes between these two groups are similar. Regarding 
clinical outcomes, in all studies patients have shown impro-
ved functional effects. Mainly it is the patients treated within 
six hours who achieve the best outcomes [49]. Despite the 
fact that no such trials have been conducted in children, there 
are an increasing number of successful individual cases of 
children with AIS who have received EVT [48, 50, 51]. Gu-
idelines suggest considering EVT with stent retriever, with 
or without prior iv thrombolysis, especially among patients 
when: PedNIHSS score is more than 6, a favourable profile 
of salvageable brain tissue imaging has been proven, and 
the time from onset is 6-12 hours (according to different 
guidelines) [13, 14, 27].

Decompressive craniectomy

Paediatric stroke can be associated with cerebral oedema. 
Clinicians should always be alert to increased intracranial 
pressure during the first 48 hours. The patient’s state should be 
carefully monitored, and if it worsens, access to an intensive 
care unit should be available. When cerebral oedema is sus-
pected, it is recommended to elevate the patient’s head from 
15 to 30 degrees while maintaining a midline position. During 
treatment of cerebral oedema, all precautions should be taken, 
therefore it is recommended to consult with more experienced 
clinicians before making a decision about hyperosmolar the-
rapy or therapeutic hyperventilation. Proper management of 
the increased intracranial pressure may be life-saving.

Literature concerning decompressive craniectomy in chil-
dren contains only retrospective reviews with no randomised 
control groups, although craniectomy is regarded as a life-saving 
treatment by some associations, e.g. the American Heart Society. 
Especially trials in adults with malignant infarction of the midd-
le cerebral artery (MCA) have shown increased survival and 
improved functional outcomes. Infarction of a large territory can 
cause a life-threatening cerebral swelling, an increased intracra-
nial pressure, and hence further ischaemia [13, 14, 27, 46, 52].

Decompressive craniectomy in MCA infarction is to 
be considered in children and young people under such 
circumstances as extensive MCA syndrome, MCA AIS with 
evidence of oedema/mass effect, infarction size > 50% of 
MCA territory or DWI volume of > 145 ml, worsening of/in 
PedNIHSS or GCS score. Treatment can be initiated within 
≤ 48h from the onset of symptoms [14, 27].

Rehabilitation

Early rehabilitation is crucial to optimise the outcome 
after childhood AIS. It should begin immediately, during the 
acute phase of the stroke. All children after a stroke should 
be initially assessed to determine the severity of the stroke 
and their rehabilitation needs [6]. Standardised assessment 
tools are recommended in the evaluation of impairments, 
e.g. The Paediatric Stroke Outcome Measure (PSOM) or the 
World Health Organisation’s International Classification of 
Functioning (ICF) [53].

Outcomes and recurrence 

Stroke significantly contributes to children’s mortality 
and morbidity. According to the data from the Global and 
Regional Burden of Stroke 2013, the mortality rate in 2013 was 
estimated to be 1.3 per 100,000 in the age group of 0–19 years. 
Globally, there were 29,026 deaths from HS and 4,043 deaths 
from IS [54]. In the long-term follow-up conducted by the Ca-
nadian Paediatric Ischaemic Stroke Registry, 67% of children 
surviving an AIS had neurological deficits. Hemiparesis was 
observed in 55–62% of patients after AIS [55]. 
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A significant predictor of outcome was age: neonates had 
more favourable outcomes than older children [10]. In con-
trast, neonates are more frequently affected by post-discharge 
seizures (17% of cases) [10]. In a Polish cohort study of pae-
diatric patients who had suffered from AIS, young age at the 
time of AIS, presence of focal cerebral arteriopathy, and total 
anterior circulation infarct stroke subtype were indicated 
as predictors of late seizures (between seven days and two 
years after AIS onset), and of the development of post-stroke 
epilepsy. All late remote seizures evolved into epilepsy [56].

Paediatric patients are distinctly more vulnerable to post-
-stroke seizures than adults [57]. In a retrospective population-
-based study of children with stroke, the average annual inci-
dence rate of a first remote seizure post-stroke was 4.4%, with 
a 5-year cumulative risk of 16% and a 10-year cumulative risk 
of 33%. The cumulative risk of active epilepsy (anti-convulsant 
treatment for remote seizure within the previous six months) 
among children with acute seizures was 25% by the age of five 
years. Predictors for development of post-stroke seizures were 
younger age and the presence of acute seizures at the time of 
stroke. According to a British cohort study, the greatest risk 
for a first remote seizure was within the first year after stroke 
[58]. Therefore, a post-stroke paediatric patient should be 
cautiously monitored for seizures in order to facilitate early 
treatment by drugs or surgical treatment and improve cogni-
tive development, motor skills and quality of life. 

In addition to motor functions, other domains can also 
be affected, i.e. vision, speech, cognitive skills, and behaviour 
[59, 60]. Paediatric stroke may affect the intellectual and 
behavioural development of a child. In addition, attention, 
intellectual and executive functions may be impaired by AIS 
[61]. Among paediatric patients who had HS, in a study of 
19 children, mild to lower quality of life, compared to norma-
tive means, was described in the majority of survivors [62]. 
According to a Swiss study, 21% of patients who experienced 
AIS during childhood had language difficulties, and among 
them 6% had severe impairment. As long term outcomes, 
impaired balance and visual disturbances are also indicated 
[63]. It is important to acknowledge that further neurological 
deficits can emerge with a child’s development. Consequently, 
a long-term follow-up is needed.

Recurrent stroke is a significant problem in the paediatric 
population and poses a risk of further impairment. In the study 
by Fullerton et al., 16% of children suffered a recurrent ischaemic 
event (stroke or TIA) during the follow-up period. The cumulative 
rate of the first recurrence of a stroke amounted to 6.8% at one 
month and 12% at one year [64]. In another study, 77% of recurrent 
AIS occurred within the first six months after the first AIS [65].

Summary 

The awareness of paediatric stroke is inadequate, both in 
society generally and more alarmingly among clinicians. Me-
dical associations have tried to influence society and medical 

communities have devised social campaigns like B.E. F.A.S.T. 
for Kids created by the International Alliance for Paediatric 
Stroke. 

Childhood stroke requires a high level of awareness 
among first-line healthcare providers. The aim is to decrease 
the time between the first symptoms and the AIS diagnosis 
in order to facilitate clinical attempts at treatment with t-PA 
and thrombectomy. 

Both t-PA and thrombectomy treatments are not registered 
in children. Therefore, they should be considered very care-
fully and only carried out in medical centres of high reference 
with an experienced team of neurosurgeons and neurologists. 
Unfavourable trials should always be taken into consideration 
in order to ensure patient safety.

Ethical permission: Ethical approval was not necessary for the 
preparation of this article.
Funding: This publication was prepared without any external 
source of funding.
Declarations of interest: None.

References

1.	 Zahuranec DB, Brown DL, Lisabeth LD, et al. Is it time for a large, 
collaborative study of pediatric stroke? Stroke. 2005; 36(9): 1825–
1829, doi: 10.1161/01.STR.0000177882.08802.3c, indexed in 
Pubmed: 16100029.

2.	 Chung B, Wong V. Pediatric stroke among Hong Kong Chinese 
subjects. Pediatrics. 2004; 114(2): e206–e212, doi: 10.1542/
peds.114.2.e206, indexed in Pubmed: 15286258.

3.	 DeVeber G. In pursuit of evidence-based treatments for paediatric 
stroke: the UK and Chest guidelines. Lancet Neurol. 2005; 4(7): 
432–436, doi: 10.1016/S1474-4422(05)70120-4, indexed in 
Pubmed: 15963446.

4.	 Mallick AA, Ganesan V, Kirkham FJ, et al. Childhood arterial ischaemic 
stroke incidence, presenting features, and risk factors: a prospec-
tive population-based study. Lancet Neurol. 2014; 13(1): 35–43, 
doi: 10.1016/S1474-4422(13)70290-4, indexed in Pubmed: 
24304598.

5.	 Fullerton HJ, Wu YW, Zhao S, et al. Risk of stroke in children: eth-
nic and gender disparities. Neurology. 2003; 61(2): 189–194, doi: 
10.1212/01.wnl.0000078894.79866.95, indexed in Pubmed: 
12874397.

6.	 Hebert D, Lindsay MP, McIntyre A, et al. Canadian stroke best 
practice recommendations: Stroke rehabilitation practice gu-
idelines, update 2015. Int J Stroke. 2016; 11(4): 459–484, doi: 
10.1177/1747493016643553, indexed in Pubmed: 27079654.

7.	 deVeber G, Andrew M, Adams C, et al. Canadian Pediatric Ische-
mic Stroke Study Group. Cerebral sinovenous thrombosis in chil-
dren. N Engl J Med. 2001; 345(6): 417–423, doi: 10.1056/
NEJM200108093450604, indexed in Pubmed: 11496852.

8.	 Laugesaar R, Kolk A, Uustalu U, et al. Epidemiology of childhood stro-
ke in Estonia. Pediatr Neurol. 2010; 42(2): 93–100, doi: 10.1016/j.
pediatrneurol.2009.08.009, indexed in Pubmed: 20117744.

9.	 Głodek-Brzozowska E, Czyżyk E. Zakrzepica zatok żylnych mózgowia 
u dzieci - charakterystyka czynników ryzyka, przebiegu klinicznego 
i leczenia. Neurologia Dziecięca. 2015; 24(49): 25–9.

http://dx.doi.org/10.1161/01.STR.0000177882.08802.3c
https://www.ncbi.nlm.nih.gov/pubmed/16100029
http://dx.doi.org/10.1542/peds.114.2.e206
http://dx.doi.org/10.1542/peds.114.2.e206
https://www.ncbi.nlm.nih.gov/pubmed/15286258
http://dx.doi.org/10.1016/S1474-4422(05)70120-4
https://www.ncbi.nlm.nih.gov/pubmed/15963446
http://dx.doi.org/10.1016/S1474-4422(13)70290-4
https://www.ncbi.nlm.nih.gov/pubmed/24304598
http://dx.doi.org/10.1212/01.wnl.0000078894.79866.95
https://www.ncbi.nlm.nih.gov/pubmed/12874397
http://dx.doi.org/10.1177/1747493016643553
https://www.ncbi.nlm.nih.gov/pubmed/27079654
http://dx.doi.org/10.1056/NEJM200108093450604
http://dx.doi.org/10.1056/NEJM200108093450604
https://www.ncbi.nlm.nih.gov/pubmed/11496852
http://dx.doi.org/10.1016/j.pediatrneurol.2009.08.009
http://dx.doi.org/10.1016/j.pediatrneurol.2009.08.009
https://www.ncbi.nlm.nih.gov/pubmed/20117744


123www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Zofia Oborska et al., Paediatric stroke

10.	 deVeber GA, Kirton A, Booth FA, et al. Epidemiology and Outcomes of 
Arterial Ischemic Stroke in Children: The Canadian Pediatric Ischemic 
Stroke Registry. Pediatr Neurol. 2017; 69: 58–70, doi: 10.1016/j.
pediatrneurol.2017.01.016, indexed in Pubmed: 28254555.

11.	 Fullerton HJ, Chetkovich DM, Wu YW, et al. Deaths from stroke in 
US children, 1979 to 1998. Neurology. 2002; 59(1): 34–39, doi: 
10.1212/wnl.59.1.34, indexed in Pubmed: 12105304.

12.	 Wang Y, Rudd AG, Wolfe CDA. Age and ethnic disparities in incidence 
of stroke over time: the South London Stroke Register. Stroke. 2013; 
44(12): 3298–3304, doi: 10.1161/STROKEAHA.113.002604, 
indexed in Pubmed: 24114452.

13.	 Roach ES, Golomb MR, Adams R, et al. American Heart Association 
Stroke Council, Council on Cardiovascular Disease in the Young. Ma-
nagement of stroke in infants and children: a scientific statement 
from a Special Writing Group of the American Heart Association 
Stroke Council and the Council on Cardiovascular Disease in the 
Young. Stroke. 2008; 39(9): 2644–2691, doi: 10.1161/STRO-
KEAHA.108.189696, indexed in Pubmed: 18635845.

14.	 Committee AC. Guideline for the diagnosis and acute management of 
childhood stroke. ; 2017.

15.	 Nelson KB, Lynch JK. Stroke in newborn infants. Lancet Neurol. 2004; 
3(3): 150–158, doi: 10.1016/S1474-4422(04)00679-9, indexed 
in Pubmed: 14980530.

16.	 Guz W, Kostkiewicz A, Stopa J. Radiological and clinical aspects and 
differences of childhood stroke. Przegląd Medyczny Uniwersytetu Rze-
szowskiego i Narodowego Instytutu Leków w Warszawie. 2012; 2: 
179–92.

17.	 Tuckuviene R, Christensen AL, Helgestad J, et al. Paediatric arterial is-
chaemic stroke and cerebral sinovenous thrombosis in Denmark 1994-
2006: a nationwide population-based study. Acta Paediatr. 2011; 
100(4): 543–549, doi: 10.1111/j.1651-2227.2010.02100.x, 
indexed in Pubmed: 21114523.

18.	 deVeber GA, MacGregor D, Curtis R, et al. Neurologic outco-
me in survivors of childhood arterial ischemic stroke and sinove-
nous thrombosis. J Child Neurol. 2000; 15(5): 316–324, doi: 
10.1177/088307380001500508, indexed in Pubmed: 
10830198.

19.	 Lasek-Bal A, Kopyta I, Warsz-Wianecka A, et al. Risk factor profile 
in patients with stroke at a young age. Neurol Res. 2018; 40(7): 
593–599, doi: 10.1080/01616412.2018.1455367, indexed in 
Pubmed: 29577820.

20.	 Strzelecka J, Skadorwa T, Franckiewicz M, et al. A case of symmetric 
retrograde thromboembolic cerebral infarction in an 8-year-old child 
due to arterial thoracic outlet syndrome. Childs Nerv Syst. 2018; 
34(12): 2503–2507, doi: 10.1007/s00381-018-3911-x, indexed 
in Pubmed: 30019112.

21.	 Kopyta I, Marszał E. Czynniki ryzyka udaru mózgu u dzieci II. Zaburze-
nia gospodarki lipidowej w etiopatogenezie udaru niedokrwiennego 
mózgu u dzieci. Udar Mózgu Problemy Interdyscypinarne. 2004; 6(2): 
57–64.

22.	 Pilarska E. Udar niedokrwienny u dzieci: czynniki ryzyla, objawy, lecze-
nie, następstwa. Neurologia Dziecięca. 2009; 18(36): 13–8.

23.	 Mackay MT, Wiznitzer M, Benedict SL, et al. International Pediatric 
Stroke Study Group. Arterial ischemic stroke risk factors: the Interna-
tional Pediatric Stroke Study. Ann Neurol. 2011; 69(1): 130–140, doi: 
10.1002/ana.22224, indexed in Pubmed: 21280083.

24.	 Mallick AA, Ganesan V, Kirkham FJ, et al. Diagnostic delays in paedia-
tric stroke. J Neurol Neurosurg Psychiatry. 2015; 86(8): 917–921, doi: 
10.1136/jnnp-2014-309188, indexed in Pubmed: 25342203.

25.	 deVeber GA. Delays in the timely diagnosis of stroke in children. Nat 
Rev Neurol. 2010; 6(2): 64–66, doi: 10.1038/nrneurol.2009.228, 
indexed in Pubmed: 20139995.

26.	 Yock-Corrales A, Mackay MT, Mosley I, et al. Acute childhood arterial 
ischemic and hemorrhagic stroke in the emergency department. Ann 
Emerg Med. 2011; 58(2): 156–163, doi: 10.1016/j.annemerg-
med.2010.10.013, indexed in Pubmed: 21310508.

27.	 Royal College of Paediatrics and Child Health. Stroke in childhood. 
Clinical guideline for diagnosis, management and rehabilitation. 2017 
[Available from: https://www...uk/sites/default/files/2019-/Stro-
ke%20guideline%2008. rcpch ac uk/sites/default/files/2019-04/
Stroke%20guideline%2008 04. ; 19: pdf.

28.	 Witek I, Kroczka S, Kaciński M. Charakterystyka udaru niedokrwien-
nego u dzieci w latach 1968-1998 i 2010-2015. Przegląd Lekarski. 
2016; 73(3): 161–6.

29.	 Zimmer JA, Garg BP, Williams LS, et al. Age-related variation in presen-
ting signs of childhood arterial ischemic stroke. Pediatr Neurol. 2007; 
37(3): 171–175, doi: 10.1016/j.pediatrneurol.2007.05.010, inde-
xed in Pubmed: 17765804.

30.	 Kirton A, Armstrong-Wells J, Chang T, et al. International Pediatric 
Stroke Study Investigators. Symptomatic neonatal arterial ischemic 
stroke: the International Pediatric Stroke Study. Pediatrics. 2011; 
128(6): e1402–e1410, doi: 10.1542/peds.2011-1148, indexed 
in Pubmed: 22123886.

31.	 Brouwer AJ, Groenendaal F, Koopman C, et al. Intracranial hemorrha-
ge in full-term newborns: a hospital-based cohort study. Neuroradio-
logy. 2010; 52(6): 567–576, doi: 10.1007/s00234-010-0698-1, 
indexed in Pubmed: 20393697.

32.	 Adil MM, Qureshi AI, Beslow LA, et al. Transient ischemic attack requi-
ring hospitalization of children in the United States: kids’ inpatient da-
tabase 2003 to 2009. Stroke. 2014; 45(3): 887–888, doi: 10.1161/
STROKEAHA.113.004526, indexed in Pubmed: 24523040.

33.	 Ichord RN, Bastian R, Abraham L, et al. Interrater reliability of the 
Pediatric National Institutes of Health Stroke Scale (PedNIHSS) in 
a multicenter study. Stroke. 2011; 42(3): 613–617, doi: 10.1161/
STROKEAHA.110.607192, indexed in Pubmed: 21317270.

34.	 Kitchen L, Westmacott R, Friefeld S, et al. The pediatric stroke outco-
me measure: a validation and reliability study. Stroke. 2012; 43(6): 
1602–1608, doi: 10.1161/STROKEAHA.111.639583, indexed in 
Pubmed: 22474056.

35.	 Mackay MT, Chua ZK, Lee M, et al. Stroke and nonstroke brain attacks 
in children. Neurology. 2014; 82(16): 1434–1440, doi: 10.1212/
WNL.0000000000000343, indexed in Pubmed: 24658929.

36.	 Martin C, von Elm E, El-Koussy M, et al. Swiss Neuropediatric Stroke 
Registry study group. Delayed diagnosis of acute ischemic stroke 
in children - a registry-based study in Switzerland. Swiss Med Wkly. 
2011; 141: w13281, doi: 10.4414/smw.2011.13281, indexed in 
Pubmed: 22012483.

37.	 DeLaroche AM, Sivaswamy L, Farooqi A, et al. Pediatric Stroke and Its 
Mimics: Limitations of a Pediatric Stroke Clinical Pathway. Pediatr Neu-
rol. 2018; 80: 35–41, doi: 10.1016/j.pediatrneurol.2017.10.005, 
indexed in Pubmed: 29429783.

38.	 Mackay MT, Yock-Corrales A, Churilov L, et al. Differentiating Childhood 
Stroke From Mimics in the Emergency Department. Stroke. 2016; 
47(10): 2476–2481, doi: 10.1161/STROKEAHA.116.014179, in-
dexed in Pubmed: 27601378.

39.	 Mirsky DM, Beslow LA, Amlie-Lefond C, et al. International Paediatric 
Stroke Study Neuroimaging Consortium and the Paediatric Stroke 
Neuroimaging Consortium. Pathways for Neuroimaging of Childhood 

http://dx.doi.org/10.1016/j.pediatrneurol.2017.01.016
http://dx.doi.org/10.1016/j.pediatrneurol.2017.01.016
https://www.ncbi.nlm.nih.gov/pubmed/28254555
http://dx.doi.org/10.1212/wnl.59.1.34
https://www.ncbi.nlm.nih.gov/pubmed/12105304
http://dx.doi.org/10.1161/STROKEAHA.113.002604
https://www.ncbi.nlm.nih.gov/pubmed/24114452
http://dx.doi.org/10.1161/STROKEAHA.108.189696
http://dx.doi.org/10.1161/STROKEAHA.108.189696
https://www.ncbi.nlm.nih.gov/pubmed/18635845
http://dx.doi.org/10.1016/S1474-4422(04)00679-9
https://www.ncbi.nlm.nih.gov/pubmed/14980530
http://dx.doi.org/10.1111/j.1651-2227.2010.02100.x
https://www.ncbi.nlm.nih.gov/pubmed/21114523
http://dx.doi.org/10.1177/088307380001500508
https://www.ncbi.nlm.nih.gov/pubmed/10830198
http://dx.doi.org/10.1080/01616412.2018.1455367
https://www.ncbi.nlm.nih.gov/pubmed/29577820
http://dx.doi.org/10.1007/s00381-018-3911-x
https://www.ncbi.nlm.nih.gov/pubmed/30019112
http://dx.doi.org/10.1002/ana.22224
https://www.ncbi.nlm.nih.gov/pubmed/21280083
http://dx.doi.org/10.1136/jnnp-2014-309188
https://www.ncbi.nlm.nih.gov/pubmed/25342203
http://dx.doi.org/10.1038/nrneurol.2009.228
https://www.ncbi.nlm.nih.gov/pubmed/20139995
http://dx.doi.org/10.1016/j.annemergmed.2010.10.013
http://dx.doi.org/10.1016/j.annemergmed.2010.10.013
https://www.ncbi.nlm.nih.gov/pubmed/21310508
http://dx.doi.org/10.1016/j.pediatrneurol.2007.05.010
https://www.ncbi.nlm.nih.gov/pubmed/17765804
http://dx.doi.org/10.1542/peds.2011-1148
https://www.ncbi.nlm.nih.gov/pubmed/22123886
http://dx.doi.org/10.1007/s00234-010-0698-1
https://www.ncbi.nlm.nih.gov/pubmed/20393697
http://dx.doi.org/10.1161/STROKEAHA.113.004526
http://dx.doi.org/10.1161/STROKEAHA.113.004526
https://www.ncbi.nlm.nih.gov/pubmed/24523040
http://dx.doi.org/10.1161/STROKEAHA.110.607192
http://dx.doi.org/10.1161/STROKEAHA.110.607192
https://www.ncbi.nlm.nih.gov/pubmed/21317270
http://dx.doi.org/10.1161/STROKEAHA.111.639583
https://www.ncbi.nlm.nih.gov/pubmed/22474056
http://dx.doi.org/10.1212/WNL.0000000000000343
http://dx.doi.org/10.1212/WNL.0000000000000343
https://www.ncbi.nlm.nih.gov/pubmed/24658929
http://dx.doi.org/10.4414/smw.2011.13281
https://www.ncbi.nlm.nih.gov/pubmed/22012483
http://dx.doi.org/10.1016/j.pediatrneurol.2017.10.005
https://www.ncbi.nlm.nih.gov/pubmed/29429783
http://dx.doi.org/10.1161/STROKEAHA.116.014179
https://www.ncbi.nlm.nih.gov/pubmed/27601378


124

Neurologia i Neurochirurgia Polska 2020, vol. 54, no. 2

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Stroke. Pediatr Neurol. 2017; 69: 11–23, doi: 10.1016/j.pediatr-
neurol.2016.12.004, indexed in Pubmed: 28274641.

40.	 Yock-Corrales A, Barnett P. The role of imaging studies for evaluation 
of stroke in children. Pediatr Emerg Care. 2011; 27(10): 966–74; 
quiz 975, doi: 10.1097/PEC.0b013e318230a002, indexed in 
Pubmed: 21975501.

41.	 Mitomi M, Kimura K, Aoki J, et al. Comparison of CT and DWI findings 
in ischemic stroke patients within 3 hours of onset. J Stroke Cere-
brovasc Dis. 2014; 23(1): 37–42, doi: 10.1016/j.jstrokecerebro-
vasdis.2012.08.014, indexed in Pubmed: 23040956.

42.	 Nael K, Khan R, Choudhary G, et al. Six-minute magnetic resonance 
imaging protocol for evaluation of acute ischemic stroke: pushing the 
boundaries. Stroke. 2014; 45(7): 1985–1991, doi: 10.1161/STRO-
KEAHA.114.005305, indexed in Pubmed: 24916906.

43.	 Rivkin MJ, Bernard TJ, Dowling MM, et al. Guidelines for Urgent Ma-
nagement of Stroke in Children. Pediatr Neurol. 2016; 56: 8–17, 
doi: 10.1016/j.pediatrneurol.2016.01.016, indexed in Pubmed: 
26969237.

44.	 Ferriero DM, Fullerton HJ, Bernard TJ, et al. American Heart Asso-
ciation Stroke Council and Council on Cardiovascular and Stroke 
Nursing. Management of Stroke in Neonates and Children: A Scien-
tific Statement From the American Heart Association/American 
Stroke Association. Stroke. 2019; 50(3): e51–e96, doi: 10.1161/
STR.0000000000000183, indexed in Pubmed: 30686119.

45.	 Amlie-Lefond C, Gill JC. Pharmacology in childhood arterial ischemic 
stroke. Semin Pediatr Neurol. 2010; 17(4): 237–244, doi: 10.1016/j.
spen.2010.10.006, indexed in Pubmed: 21183130.

46.	 Casaubon LK, Boulanger JM, Glasser Ev, et al. Heart and Stroke 
Foundation of Canada Canadian Stroke Best Practices Advisory Com-
mittee. Canadian Stroke Best Practice Recommendations: Acute In-
patient Stroke Care Guidelines, Update 2015. Int J Stroke. 2016; 
11(2): 239–252, doi: 10.1177/1747493015622461, indexed in 
Pubmed: 26783316.

47.	 Rivkin MJ, deVeber G, Ichord RN, et al. Thrombolysis in pediatric 
stroke study. Stroke. 2015; 46(3): 880–885, doi: 10.1161/STRO-
KEAHA.114.008210, indexed in Pubmed: 25613306.

48.	 Gerstl L, Olivieri M, Heinen F, et al. Successful mechanical throm-
bectomy in a three-year-old boy with cardioembolic occlusion of both 
the basilar artery and the left middle cerebral artery. Eur J Paediatr 
Neurol. 2016; 20(6): 962–965, doi: 10.1016/j.ejpn.2016.07.014, 
indexed in Pubmed: 27477566.

49.	 Papanagiotou P, Ntaios G. Endovascular Thrombectomy in Acute Is-
chemic Stroke. Circ Cardiovasc Interv. 2018; 11(1): e005362, doi: 
10.1161/CIRCINTERVENTIONS.117.005362, indexed in Pubmed: 
29311286.

50.	 Wilson JL, Eriksson CO, Williams CN. Endovascular Therapy in Pe-
diatric Stroke: Utilization, Patient Characteristics, and Outcomes. 
Pediatr Neurol. 2017; 69: 87–92.e2, doi: 10.1016/j.pediatrneu-
rol.2017.01.013, indexed in Pubmed: 28233666.

51.	 Cobb MIP, Laarakker AS, Gonzalez LF, et al. Endovascular Thera-
pies for Acute Ischemic Stroke in Children. Stroke. 2017; 48(7): 
2026–2030, doi: 10.1161/STROKEAHA.117.016887, indexed in 
Pubmed: 28596450.

52.	 Shah S, Murthy SB, Whitehead WE, et al. Decompressive hemicra-
niectomy in pediatric patients with malignant middle cerebral artery 

infarction: case series and review of the literature. World Neurosurg. 
2013; 80(1-2): 126–133, doi: 10.1016/j.wneu.2013.06.001, in-
dexed in Pubmed: 23791748.

53.	 Perenc L. Ischemic strokes in children – review of the related literatu-
re. Prz Med Uniw Rzesz Inst Leków. 2013; 2: 236–51.

54.	 Krishnamurthi RV, deVeber G, Feigin VL, et al. GBD 2013 Stroke Panel 
Experts Group. Stroke Prevalence, Mortality and Disability-Adjusted 
Life Years in Children and Youth Aged 0-19 Years: Data from the Glo-
bal and Regional Burden of Stroke 2013. Neuroepidemiology. 2015; 
45(3): 177–189, doi: 10.1159/000441087, indexed in Pubmed: 
26505982.

55.	 Steinlin M, Roellin K, Schroth G. Long-term follow-up after stroke in 
childhood. Eur J Pediatr. 2004; 163(4-5): 245–250, doi: 10.1007/
s00431-003-1357-x, indexed in Pubmed: 14986120.

56.	 Kopyta I, Sarecka-Hujar B, Skrzypek M, et al. Retracted: Post-stroke 
epilepsy in Polish paediatric patients. Dev Med Child Neurol. 2015; 
57(8): 780–785, doi: 10.1111/dmcn.12283, indexed in Pubmed: 
24116889.

57.	 Sarecka-Hujar B, Kopyta I. Poststroke epilepsy: current perspecti-
ves on diagnosis and treatment. Neuropsychiatr Dis Treat. 2019; 
15: 95–103, doi: 10.2147/NDT.S169579, indexed in Pubmed: 
30636875.

58.	 Fox CK, Glass HC, Sidney S, et al. Acute seizures predict epilepsy after 
childhood stroke. Ann Neurol. 2013; 74(2): 249–256, doi: 10.1002/
ana.23916, indexed in Pubmed: 23613472.

59.	 Lee YY, Lin KL, Wang HS, et al. Risk factors and outcomes of child-
hood ischemic stroke in Taiwan. Brain Dev. 2008; 30(1): 14–19, 
doi: 10.1016/j.braindev.2007.05.002, indexed in Pubmed: 
17573220.

60.	 Hogan AM, Kirkham FJ, Isaacs EB. Intelligence after stroke 
in childhood: review of the literature and suggestions for fu-
ture research. J Child Neurol. 2000; 15(5): 325–332, doi: 
10.1177/088307380001500509, indexed in Pubmed: 
10830199.

61.	 O’Keeffe F, Liégeois F, Eve M, et al. Neuropsychological and neu-
robehavioral outcome following childhood arterial ischemic 
stroke: attention deficits, emotional dysregulation, and execu-
tive dysfunction. Child Neuropsychol. 2014; 20(5): 557–582, doi: 
10.1080/09297049.2013.832740, indexed in Pubmed: 
24028185.

62.	 Lo WD, Hajek C, Pappa C, et al. Outcomes in children with hemorrha-
gic stroke. JAMA Neurol. 2013; 70(1): 66–71, doi: 10.1001/jaman-
eurol.2013.577, indexed in Pubmed: 23108798.

63.	 Goeggel Simonetti B, Cavelti A, Arnold M, et al. Long-term outcome after 
arterial ischemic stroke in children and young adults. Neurology. 2015; 
84(19): 1941–1947, doi: 10.1212/WNL.0000000000001555, 
indexed in Pubmed: 25862797.

64.	 Fullerton HJ, Wintermark M, Hills NK, et al. VIPS Investigators. Risk 
of Recurrent Arterial Ischemic Stroke in Childhood: A Prospective In-
ternational Study. Stroke. 2016; 47(1): 53–59, doi: 10.1161/STRO-
KEAHA.115.011173, indexed in Pubmed: 26556824.

65.	 Stacey A, Toolis C, Ganesan V. Rates and Risk Factors for Arterial 
Ischemic Stroke Recurrence in Children. Stroke. 2018; 49(4): 842–
847, doi: 10.1161/STROKEAHA.117.020159, indexed in Pubmed: 
29540607.

http://dx.doi.org/10.1016/j.pediatrneurol.2016.12.004
http://dx.doi.org/10.1016/j.pediatrneurol.2016.12.004
https://www.ncbi.nlm.nih.gov/pubmed/28274641
http://dx.doi.org/10.1097/PEC.0b013e318230a002
https://www.ncbi.nlm.nih.gov/pubmed/21975501
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2012.08.014
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2012.08.014
https://www.ncbi.nlm.nih.gov/pubmed/23040956
http://dx.doi.org/10.1161/STROKEAHA.114.005305
http://dx.doi.org/10.1161/STROKEAHA.114.005305
https://www.ncbi.nlm.nih.gov/pubmed/24916906
http://dx.doi.org/10.1016/j.pediatrneurol.2016.01.016
https://www.ncbi.nlm.nih.gov/pubmed/26969237
http://dx.doi.org/10.1161/STR.0000000000000183
http://dx.doi.org/10.1161/STR.0000000000000183
https://www.ncbi.nlm.nih.gov/pubmed/30686119
http://dx.doi.org/10.1016/j.spen.2010.10.006
http://dx.doi.org/10.1016/j.spen.2010.10.006
https://www.ncbi.nlm.nih.gov/pubmed/21183130
http://dx.doi.org/10.1177/1747493015622461
https://www.ncbi.nlm.nih.gov/pubmed/26783316
http://dx.doi.org/10.1161/STROKEAHA.114.008210
http://dx.doi.org/10.1161/STROKEAHA.114.008210
https://www.ncbi.nlm.nih.gov/pubmed/25613306
http://dx.doi.org/10.1016/j.ejpn.2016.07.014
https://www.ncbi.nlm.nih.gov/pubmed/27477566
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.117.005362
https://www.ncbi.nlm.nih.gov/pubmed/29311286
http://dx.doi.org/10.1016/j.pediatrneurol.2017.01.013
http://dx.doi.org/10.1016/j.pediatrneurol.2017.01.013
https://www.ncbi.nlm.nih.gov/pubmed/28233666
http://dx.doi.org/10.1161/STROKEAHA.117.016887
https://www.ncbi.nlm.nih.gov/pubmed/28596450
http://dx.doi.org/10.1016/j.wneu.2013.06.001
https://www.ncbi.nlm.nih.gov/pubmed/23791748
http://dx.doi.org/10.1159/000441087
https://www.ncbi.nlm.nih.gov/pubmed/26505982
http://dx.doi.org/10.1007/s00431-003-1357-x
http://dx.doi.org/10.1007/s00431-003-1357-x
https://www.ncbi.nlm.nih.gov/pubmed/14986120
http://dx.doi.org/10.1111/dmcn.12283
https://www.ncbi.nlm.nih.gov/pubmed/24116889
http://dx.doi.org/10.2147/NDT.S169579
https://www.ncbi.nlm.nih.gov/pubmed/30636875
http://dx.doi.org/10.1002/ana.23916
http://dx.doi.org/10.1002/ana.23916
https://www.ncbi.nlm.nih.gov/pubmed/23613472
http://dx.doi.org/10.1016/j.braindev.2007.05.002
https://www.ncbi.nlm.nih.gov/pubmed/17573220
http://dx.doi.org/10.1177/088307380001500509
https://www.ncbi.nlm.nih.gov/pubmed/10830199
http://dx.doi.org/10.1080/09297049.2013.832740
https://www.ncbi.nlm.nih.gov/pubmed/24028185
http://dx.doi.org/10.1001/jamaneurol.2013.577
http://dx.doi.org/10.1001/jamaneurol.2013.577
https://www.ncbi.nlm.nih.gov/pubmed/23108798
http://dx.doi.org/10.1212/WNL.0000000000001555
https://www.ncbi.nlm.nih.gov/pubmed/25862797
http://dx.doi.org/10.1161/STROKEAHA.115.011173
http://dx.doi.org/10.1161/STROKEAHA.115.011173
https://www.ncbi.nlm.nih.gov/pubmed/26556824
http://dx.doi.org/10.1161/STROKEAHA.117.020159
https://www.ncbi.nlm.nih.gov/pubmed/29540607

