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A B S T R A C T   

Childhood arterial ischaemic stroke (AIS) is a significant health concern with increasing incidence. This review 
aims to provide an overview of the current understanding of childhood AIS. 

The incidence of childhood AIS is on the rise especially in developing countries, likely due to improved 
awareness and diagnostic capabilities. Aetiology of childhood AIS is multifactorial, with both modifiable risk 
factors and genetic predisposition playing important roles. Identifying and addressing these risk factors, such as 
infection, sickle cell disease, and congenital heart defects, is essential in prevention and management. Identifying 
underlying conditions through genetic testing is important for appropriate management and long-term prognosis. 

Clinically, distinguishing stroke from stroke mimics can be challenging. Awareness of important stroke 
mimics, including migraines, seizures, and metabolic disorders, is crucial to avoid misdiagnosis and ensure 
appropriate treatment. The diagnostic approach to childhood AIS involves a comprehensive “chain of care,” 
including initial assessment, neuroimaging, and laboratory investigations. National guidelines play a pivotal role 
in standardizing and streamlining the diagnostic process, ensuring prompt and accurate management. 

Early intervention is critical in the management of childhood AIS. Due to the critical time window, the 
question if mechanical thrombectomy is feasible and beneficial should be addressed as fast as possible. Early 
initiation of antiplatelet or anticoagulation therapy and, in select cases, thrombolysis can help restore blood flow 
and minimize long-term neurological damage. Additionally, rehabilitation should start as soon as possible to 
optimize recovery and improve functional outcomes. 

In conclusion, childhood AIS is a growing concern. Understanding the increasing incidence, age distribution, 
risk factors, clinical presentation, diagnostic approach, and management strategies is crucial for optimized 
management of these patients.   

1. Introduction and definition 

Reflecting the important progress in treatment options for adult 
patients with arterial cerebrovascular insult, there is also an increased 
awareness of paediatric stroke. This is shown by a tenfold increase of 
yearly publications on the topic over the last 30 years. 

Paediatric stroke summarizes arterial ischaemic and haemorrhagic 
stroke from the prenatal period up to the end of adolescence. Sinus 
venous thrombosis can lead to stroke in rare cases, but does not gener-
ally fall under this definition per se. Perinatal stroke takes place in 
children aged up to 28 days of life including the subgroup of neonatal 
stroke (defined by becoming symptomatic during the neonatal period). 
In addition, there are prenatal strokes happening during pregnancy not 

related to the birth process. This review will only cover the topic of 
arterial ischaemic stroke (AIS) during childhood (from 29 days until 16 
years). 

2. Epidemiology 

2.1. Incidence 

Reports about incidence rates of childhood stroke show wide vari-
ability. Differences in age ranges and definitions of included events 
make direct comparison difficult. 

Data mainly exist for high income countries for which incidence rates 
of around 2:100′000 children per year for AIS in the age group up to 16 
years/18 years have been reported with a range between 0.58 and 7.9/ 
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100′000 children per year [1–8]. A burden of disease study from 2015 
has shown an increasing prevalence in developing, but also in developed 
countries from 1990 to 2013- this is attributed to increased population, 
increased recognition but also increased survival of diseases leading to 
stroke [9]. 

There are three age peaks of childhood stroke [6,8,10,11]: The first 
during the first two years of life, which is attributed to children with 
congenital heart problems who will have most of their investigations 
and operations during infancy. The second peak finds place in preschool 
age and is likely reflected by the parainfectious/infectious triggers for 
stroke and the fact that children in this age group undergo many in-
fections. The third peak is in adolescence and likely reflects the group of 
children suffering other systemic diseases with stroke as complication. 

2.2. Risk factors 

In almost all studies boys are more affected than girls, the reason for 
this is still not fully understood [2,10,12]. 

Worldwide, sickle cell disease is the most common cause of stroke in 
childhood. It is associated with a higher recurrence and mortality rate 
than in children without sickle cell disease [4,13–15]. This explains 
partially but not completely the increased risk for ischaemic stroke in 
sub-Saharan children. However, the aetiology may differ according to 
local epidemiology and ethnic diversity. Literature describes almost a 
doubled risk for black compared to white children and approximately 
the same risk for children of Asian descent compared to white ones. 
Hispanic children have a lower incidence of arterial ischaemic stroke [2, 
10,16,17]. 

Infections, trauma and radiotherapy for head and neck cancer ac-
count for the most important acquired risk factors [18–24]. 

3. Diagnosis 

3.1. Clinical symptoms 

Stroke in children should be considered in every patient presenting 
with a new (focal) neurological deficit. The most frequent clinical sign of 
childhood stroke is hemiplegia (with or without facial palsy) in 60–80% 
of children [6,25,26] which is slightly less frequent than in adulthood 
(>80%) [27]. Speech problems, especially dysarthria and dysphasia, can 
be detected in 30 up to 75% in the acute phase after AIS [6,28]. In the 
study of Liégeois et al. arterial territory was not a predictor of dysarthria 
or speech impairment in children aged between 3 and 17 years [28]. It is 
very important to realize that dysarthria or dysphasia may also appear in 
case of stroke in the non-dominant hemisphere. The high percentage of 
dysarthria or speech impairment in paediatric stroke patients compared 
to adults (24%) [27] might be explained by the wider language networks 

existing in the immature brain [28]. 
Epileptic seizures are common in childhood stroke, especially in 

younger children. Around 20–30% of children suffer an epileptic seizure 
during the acute phase of stroke, whereby most of the seizures occur 
within the first 24 h after stroke onset [21,25,29]. Status epilepticus is 
common in infants [29]. Non-localizing symptoms like headaches (in 
20–40%) and vertigo are present in AIS [6], the latter especially in 
stroke of the posterior circulation, however, are more common in hae-
morrhagic stroke [30]. 

The assessment of clinical symptom severity is performed with the 
paediatric NIH stroke scale (pedNIHSS) [31]. This score should be 
administered at arrival as soon as possible, on a regular basis during the 
acute phase of investigations as measure of clinical course as well as 
during the first days of rehabilitation. A progression and recurrence of 
symptoms, respectively, after acute onset of stroke is typically associated 
with stenotic intracerebral arteriopathies [32]. 

In addition, careful clinical examination is mandatory in each stroke 
patient as there might be clues to the underlying aetiology. Changes 
might be detected on the skin (café au lait-spots in neurofibromatosis 
type 1, Fabry disease, embolic pathologies), hyperextensible joints 
might point to a collagen defect as well as possible dissection and 
morning glory disc in association with AIS is suggestive for Moyamoya 
angiopathy [33,34]. In addition, clinical history might reveal underlying 
pathologies: Transient ischaemic attacks can point to Moyamoya dis-
ease. After recent trauma search for dissection, in case of antecedent 
viral illness diagnostics for focal cerebral arteriopathy and in case of 
unexplained syncope and shortness of breath search for cardiac prob-
lems are essential. 

3.2. Stroke mimics and diagnostic approach 

In paediatric patients’ diagnosis and accordingly treatment of stroke 
is often delayed because of unspecific first clinical signs, especially in 
very young children [35]. The most frequent mimics on arrival on the 
emergency department are migraine, seizures, and Bell’s palsy [36]. The 
list of stroke mimics is long, including demyelinating syndrome, infec-
tion and tumour. Although awareness of stroke increased over the last 
decade, publications from the last 20 years analysing time lag of child-
hood stroke diagnosis show that only 20–30% of children are diagnosed 
within the first 6 h [35,37,38]. 

Clinical screening tests as “FAST” show similar sensitivity in children 
compared to adults. Like adults, the sensitivity for posterior circulation 
stroke can be improved if the “FAST” test is extended to “beFAST”, 
adding “balance” and “eyes” to the initial assessment [39]. However, 
due to stroke mimics they are not very specific why emergency imaging 
is crucial in any child with suspicion of stroke. The gold standard is 
magnetic resonance imaging (MRI) within the first hour after 

Non-standard abbreviations and acronyms 

ADA2 Adenosine deaminase 2 
AGS Aicardi- Goutières Syndrome 
AIS Arterial ischemic Stroke 
BA Basilar artery 
CIMT Constraint-induced movement therapy 
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CT Computer Tomography 
DALY Disability Adjusted Life-Years 
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EBV Epstein-Barr Virus 
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FCA Focal Cerebral Arteriopathy 
FCA-d Focal Cerebral Arteriopathy with intracranial arterial 
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FCA-i Inflammatory Focal Cerebral Arteriopathy 
FOCAS Focal Cerebral Arteriopathy Steroid Trial 
HSV Herpes simplex virus 
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MRI Magnetic Resonance Imaging 
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NF1 Neurobibromatosis type 1 
NIRS Near-infrared spectroscopy 
PASTA Pediatric Arteriopathy Steroid Aspirin Trial 
pedNIHSS Paediatric National Institute of Health stroke scale 
SNPSR Swiss Neuropaediatric Stroke Registry 
tPA Tissue Plasminogen Activator 
TTP Thrombotic Thrombocytopenic purpura 
VZV Varicella Zoster Virus  
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presentation. A proposed algorithm for neuro-imaging in paediatric 
patients with suspected stroke is shown in Fig. 1 [40]. Image 1 shows the 
results of MRI imaging in an acute arterial ischemic stroke of a 9 year old 
boy due to a P2 occlusion. Further diagnostic work-up is depicted in 
Fig. 2a and b. 

It is crucial for any emergency setting to have a stroke protocol in 
place on how to proceed in case of suspected stroke. National guidelines 
emphasize the most important steps to consider in the chain of care for 
children with stroke: 

Fig. 1. Diagnostic imaging algorithm in paediatric AIS, adapted from Khalaf et al. [40].  
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• Who takes care of these children, is taken care locally or is the child 
sent on to a paediatric stroke centre?  

• Which imaging modality (CT scan or MRI) and which modality of 
sedation should be performed and how to achieve it within an hour 
of the child’s arrival?  

• Who is responsible for taking decisions upon neuroimaging the 
paediatric neurologist or the stroke neurologist (a joint approach is 
likely the best in many situations)?  

• Who will perform thrombolysis or thrombectomy if indicated?  
• Who takes decisions on treating stroke in the subacute situation and 

where will the child be looked after (intensive care unit, stroke unit)?  
• Which investigations must be considered and who takes care for 

proper rehabilitation of the patient? 

4. Aetiology 

While arteriosclerosis is an important risk factor in adult AIS [41], 
aetiology of childhood stroke is very different to adults and regarded as 
interplay between genetic and environmental risk factors [42]. Aetiol-
ogies of childhood stroke are summarized in Fig. 3. Besides the primary 
underlying categorization of acute onset stroke, chronic course of arte-
riopathic AIS is classified into progressive, stable, reversible and 
indeterminant. 

Usually, aetiology is multifactorial with important trigger or risk 
factors leading to cerebrovascular insult. The VIPS study proved that an 
infection within the prior week is an independent trigger for AIS in 
children [44]. A positive serology for subacute herpes virus infection 
doubles the risk of stroke – yet, herpes infection often is not clinically 
manifest [45]. There are other important acquired risk factors for 
childhood stroke: Head and neck trauma, common in the paediatric 
population, may trigger stroke with a short to medium delay. In contrast, 
rare trigger factors as radiation therapy or cancer of the head/neck 
affecting a specific small subpopulation represent a long-lasting risk for 
arterial ischaemic stroke [20,42]. 

Prothrombotic disorders (e.g., Factor V Leiden, increased lipoprotein 
A) may be a predisposition to trigger stroke in children, especially in 
combination with concomitant infections. Other familiar/genetic risk 

factors will be discussed in the section “genetic causes”. 

4.1. Heart disease 

About 30% of all childhood strokes are provoked by cardioembolic 
pathology [46]. Children with cyanotic congenital heart disease are at 
highest risk for AIS during the periprocedural period (cardiac cathe-
terization and cardiac surgery) [47]. Asakai et al. as well as Henzi et al 
showed median age at stroke of these children to be at 5 months [48,49]. 
This early age peak is explained by the fact that these patients undergo 
interventional investigations and (open) heart operation at an early age. 
Risk factors to suffer stroke are foreign cardiac material, arterial hypo-
tension and/or low cardiac output in the periprocedural period as well 
as infections [49]. Moreover, about one-fifth of children undergoing 
treatment with ventricular assist devices suffer ischaemic or haemor-
rhagic strokes [50,51]. 

Cardioembolic paediatric stroke is more often located in the anterior 
circulation while up to 37% of all childhood strokes affect the posterior 
circulation, mostly due to intracranial arteriopathies [52]. 

Acquired heart disease as endo-myocarditis, cardiomyopathy or 
arrythmias are associated with stroke in only 20% [49]. 

Unfortunately, children with cardiac pathology show a delay of 
stroke diagnosis from up to 4 days-despite being frequently under close 
supervision at intensive care units. Nevertheless, this fact may be related 
to sedation in the cardiac ICU and therefore limiting possibility for 
thorough neurological examination [49]. As they are candidates for 
endovascular treatment a more intense observation (as continuous EEG, 
NIRS) should be discussed in high-risk patients shortly before and after 
procedural interventions. 

4.2. Arteriopathies 

In a large international paediatric stroke cohort study (725 children) 
34% suffered from a stroke due to arteriopathy, 27% had dissection, 
24.5% Moyamoya angiopathy, 15% focal cerebral arteriopathy of in-
flammatory type, 15% diffuse vasculitis and 18.5% unspecific arterio-
pathies [53]. Current studies show different data about distribution of 
arteriopathy subtypes which is likely explained by the influence of 
different cultural populations like sickle cell disease in Sub-Saharan 
Africa or the increasing number of Moyamoya angiopathy in the Asian 
population. 

4.3. Focal cerebral arteriopathy of childhood 

Focal cerebral arteriopathy (FCA) was originally defined as unifocal 
and unilateral stenosis/irregularity of the large intracranial arteries of 
the anterior circulation [54]. As there are also reported cases of FCA 
within the posterior cerebral blood supply the definition has to be 
expanded to the posterior circulation [55,56]. FCA dissection type 
(FCA-d) and inflammatory focal cerebral arteriopathy (FCA-i) are the 
most frequent focal vasculopathies in children provoking stroke [54]. 
FCA-i refers to presumably inflammatory changes and stands for a focal 
vasculitis with parainfectious pathophysiology. The common under-
standing is that an inflammatory process leads to vessel wall inflam-
mation and swelling (as shown by local arterial wall enhancement in 
MR-black blood sequences) which provokes stenosis, thrombosis at the 
level of stenosis, and maybe arterial vasospasm [32]. Stroke occurs 
either due to the diminished or stopped blood flow or due to small 
emboli streaming into the periphery of the affected vessel. The latter 
pathophysiology also explains the often-observed stuttering onset of 
symptoms. The best-known virus provoking FCA-i is Varicella zoster 
virus (VZV). Varicella zoster virus stays primarily in the trigeminal 
ganglion in a latency stage, then will be activated and wandering via 
afferent fibres to the circle of Willis. Experiments show that VZV is also 
latent in the superior cervical ganglion spreading to the vessels within 
the posterior circulation responsible for FCA-i of the posterior 

Fig. 2a. Basic diagnostic laboratory work-up in paediatric AIS.  
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circulation. In addition, mild FCA-i in the posterior circulation may be 
associated with vertebrobasilar arteriopathy or dissection [57]. 

Many other pathogens are associated with FCA-i like other herpes-
viruses (HSV1 and 2, CMV, EBV), parvovirus B19 and SARS-CoV-2 [58, 
59]. Dengue fever caused by arboviral infection has also been associated 
with paediatric AIS due to vasculitis [60]. COVID-19 infection is related 
to AIS in children; however, pathophysiology is not fully understood yet 
[58]. 

Borrelia burgdorferi is associated with paediatric stroke in only 2% 
of all childhood AIS [61]. Thereby the posterior circulation seems to be 
especially affected by a multifocal vasculitis leading to cerebrovascular 
insult [61]. 

Imaging patterns are discussed to distinguish between the different 
cerebral arteriopathy types which most probably represent a spectrum 

rather than different entities (especially FCA-i and FCA-d). Vessel wall 
imaging came into light in the last decade and might be helpful for 
differentiation. Yet, its role as biomarker for the differential diagnosis 
and clinical course of FCA remains controversial [62,63]. In paediatric 
stroke due to FCA-i MR angiogram is the crucial diagnostic tool showing 
a swelling, also called banding, of the affected vessel leading to stenosis 
as can be seen in the image 2. 

FCA-i is usually a monophasic problem, with initial worsening fol-
lowed by decrease of stenosis, and does not progress after 6 months of 
stroke onset. The course of disease in FCA-i related stroke is associated 
with first worsening of the arteriopathy followed by slow improvement- 
about 24% show complete remission, 45% improvement and 32% sta-
bilisation [64]. 

Image 2 shows an FCA affecting the left anterior circulation with 

Fig. 2b. Suggestions further laboratory investigations in paediatric AIS.  
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>50% stenosis of left supraclinoid internal carotid artery (ICA), < 50% 
stenosis of the M1 segment of the middle cerebral artery and banding of 
the A1 segment of the anterior cerebral artery (arrows). 

4.4. Arterial dissection 

The mechanism of AIS in children due to arterial dissection is still 
poorly understood [42]. It is more common in boys than in girls-not 
explained by a higher rate of trauma in boys compared to girls [65]. 
Besides spontaneous cases, dissection is associated with (genetic) dis-
eases of the soft tissue as well as with previous trauma. In many cases 
aetiology of dissection remains unclear and might be associated with 
arteriopathic changes which led to the distinction of focal cerebral 
arteriopathy (FCA) FCA-i (infectious) and FCA-d (dissection) type [54]. 
As reported in a review, in paediatric arterial dissection within the 
posterior circulation the extracranial part of the vertebral arteries is the 
most common anatomic site. Within the anterior circulation, however, 
dissection happens more often in the intracranial parts of the carotid 
arteries, as exemplary shown in image 3 [65]. 

Fig. 3. Common aetiologies of childhood arterial ischaemic stroke based on the CASCADE criteria [43], data from the Swiss Neuropaediatric Stroke Registry (SNPSR) 
between January 2000 and August 2021. 1 = small vessel arteriopathy, 2 = focal cerebral arteriopathy of childhood, 3 = bilateral cerebral arteriopathy of childhood, 
4 = aortic/cervical arteriopathy. 

Image 1. Acute Stroke in 9-year-old boy due to left P2 occlusion. A) acute diffusion imaging with ADC 8 h after symptom onset showing diffusion restriction in left 
posterior internal capsule and left posterior thalamus, B) TOF angiogram 8 h after symptom onset showing left P2 occlusion, C) FLAIR demarcation 30 h after 
symptom onset. 

Image 2.  
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4.5. Moyamoya angiopathy 

Moyamoya angiopathy, a rare progressive arteriopathy, was first 
described in 1957 [66]. Moyamoya means “something hazy, like a puff 
of cigarette smoke” in Japanese and describes the characteristic net of 
collaterals compensating for the reduced blood flow in the cerebral 
circulation. Moyamoya disease is defined as uni- or bilateral progressive 
stenosis of the distal internal carotid arteries and/or their proximal 
branches. Moyamoya syndrome, in contrast, is defined as Moyamoya 
angiopathy associated with well-defined other conditions such as 
neurofibromatosis type 1, Down syndrome, sickle cell anaemia and 
others [67]. Moyamoya angiopathy is likely to start anterior but does 
also affect the posterior circulation. The disorder is most common in East 
Asia with an increasing incidence rate of 0.9–4.3/100′000 inhabitants 
over the last decade [68]. Incidence in children is reported to be lower at 
around 0.18/100′000 between 2016 and 2018 [69]. Clinical presenta-
tion of Moyamoya consists of sudden mostly ischaemic stroke, transient 
ischaemic attacks or migraine (common in children) with high risk of 
stroke recurrence [67]. 

In Moyamoya the occlusion of a cerebral vessel leads to a local 
perfusion deficit and the development of collaterals. If the collaterals are 
insufficient, the patient develops migraine, TIA or strokes. 

The stenosis or occlusion of the vessel is thought to be caused by 
intimal smooth muscle cell proliferation. While the molecular mecha-
nisms are unknown, an emerging number of gene variants have been 
associated with Moyamoya. Currently, there are 16 genes involved in 
Moyamoya-angiopathy with RNF213 being the most prominent one, 
especially in the Asian population [70]. While RNF213 is regarded as 
susceptibility gene for Moyamoya with low penetrance there is 
increasing evidence that Myamoya angiopathy is associated with in-
fections and autoimmune diseases [68]. In this context recent studies 
discovered a very important antimicrobial function of the RNF213 
protein suggesting that infection or immunological stimulus might act as 
second hit in the pathogenesis of Moyamoya angiopathy [68,71]. 

Besides starting with aspirin, the only treatment option of Moya-
moya angiopathy to date is direct or indirect re-vascularisation surgery 
[67,72]. 

4.6. Genetic causes 

To date, the list of candidate genes for paediatric stroke is still short. 
Mutations in RNF213, ACTA2, ADA2 and MYH11 cause occlusive 

vasculopathy by damaged vascular smooth muscle cell layer and endo-
thelium, respectively, showing a Moyamoya or Moyamoya-like clinical 
phenotype. Especially ACTA2 is associated with a strong age-dependent 
penetration [73,74]. Heterozygous ACTA2 mutation causes enlarged 

proximal parts of the carotid artery followed by an occlusive disease of 
the distal vessels without collaterals. Intracranial arteries show an 
abnormal straight appearance as shown in Image 4 [75]. Hence, neu-
roimaging findings in ACTA 2 are almost pathognomonic. In addition, 
ACTA 2 might be associated with persistent mydriasis or other smooth 
muscle cell dysfunction like patent ductus arteriosus or pulmonary hy-
pertension [75]. 

4.7. Small-vessel disease/vasculitis 

ADA2 (Adenosine deaminase 2), mentioned already above, is 
another genetic multisystem disorder associated with typically small 
lacunar ischaemic stroke, but some patients also suffer from haemor-
rhagic stroke. The disease is associated with small-vessel vasculitis [76]. 

Autosomal dominant mutations in COL4A1 and COL4A2 encoding 
type 4 collagen, a structural component of the basement membrane, can 
cause cerebral small-vessel disease and ischaemic or haemorrhagic 
stroke in children [77]. 

4.8. Vascular degeneration, cerebral white matter 

CADASIL syndrome, caused by autosomal dominant mutations in 
NOTCH3, is characterized by vascular degeneration primarily in the 
cerebral white mater. The clinical picture and white mater changes in 
CARASIL are like those in CADASIL. It is very rare and caused by 
autosomal recessive mutations in the HTRA1-gene [78]. Neither 
CADASIL nor CARASIL are likely to manifest in childhood and are rather 
an adult disease. 

Beside these monogenic variants associated with stroke there is an 
increasing number of syndromic multisystem disorders with stroke as an 
important clinical manifestation: About 6% of children with neurofi-
bromatosis type 1 (NF1) and 39% with Alagille syndrome suffer from 
arteriopathy leading to stroke [79,80]. Grange syndrome and sickle cell 
disease are also associated with cerebrovascular insult [14,81]. Aicardi- 
Goutières Syndrome (AGS) due to variants in TREX1 may be challenging 
to diagnose as its clinical picture covers a wide range of clinical signs 
with multi-system involvement and recurrent ischaemic stroke as 
possible first clinical sign [82]. X-linked Fabry disease covers a wide 
clinical spectrum and can be treated by enzyme replacement therapy 
[77]. Finally, ADAMTS13 variants cause hereditary thrombotic throm-
bocytopenic purpura (TTP) also known as Upshaw-Schulman syndrome. 
Homozygous variants result in severely deficient ADAMTS13 enzymatic 
activity provoking cerebrovascular ischemic events due to thrombotic 
microangiopathy [83]. 

5. Treatment 

To date there are no established guidelines for optimal treatment of 

Image 3. Dissection of the left Internal carotid arteries.  

Image 4. ACTA2 Vasculopathy with the dilation of the internal carotid artery 
to stenoocclusion. 
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childhood AIS and most recommendations are based on the experience 
gathered in adult patients or other paediatric diseases [84]. 

5.1. Basic management 

For any child with an acute infarction the rule of basic support 
concerning ABC should be provided – most importantly to assure a 
(high) normal oxygen saturation as well as a normal to high blood 
pressure. As it is shown in adults with stroke or children after traumatic 
brain injury, normothermia and normoglycemia support recovery and 
should be targeted [11,84–86]. In children with large AIS monitoring of 
intracranial pressure (ICP) should be evaluated. However, in case of 
malignant AIS and risk of herniation quick decompressive craniectomy 
must be performed and surgery not delayed by installation of ICP 
monitoring beforehand [84,87]. Image 5 shows a left sided malignant 
AIS before and after decompressive craniectomy. If ICP is monitored, 
maintaining it below 20 mmHg is necessary, and the use of hypertonic 
saline or mannitol is recommended [88]. 

About 20% of children suffer an epileptic seizure during the first few 
days, thus close clinical monitoring with a low threshold for EEG 
monitoring should be provided. Seizures should be treated immediately 
with antiepileptic drugs. However, a systematic prophylactic antiepi-
leptic treatment over days or weeks to avoid further seizures is often not 
necessary [29,89]. 

5.2. Hyperacute management 

Until today no successful trials on hyperacute management of chil-
dren presenting with stroke on the use of thrombolytics or endovascular 
thrombectomy could be completed [90,91]. But evaluations of paedi-
atric stroke centres with clinical expertise and access to rapid stroke 
neuro-imaging show that these treatment options with the right setting 
in place are feasible within an appropriate time frame [92–94]. Further, 
case series provide evidence that acute recanalization therapy 
(including thrombolytics and endovascular thrombectomy) has no 
higher risk then in adults and might be of benefit also for children 
[95–100]. 

Due to the lack of randomized controlled trials, there is currently no 
approval for intravenous tissue-type plasminogen activator (tPA) in 
children. Consensus statements suggest the use of intravenous throm-
bolytics in a subgroup of patients and that the dose regimen should 
follow adult dose regimens of 0.9 mg/kg [84,101]. 

A multicentre observational study from 27 centres across Europe and 
the United States including 73 cases of patients with ischaemic stroke 
who underwent endovascular recanalization showed that the safety 
profile of thrombectomy in childhood stroke does not differ from the 

safety profile in randomized clinical trials for adults [102] and a follow 
up-study even found evidence that a subgroup of children might be 
eligible for thrombectomy more than 6 h after stroke onset [103]. In a 
large meta-analysis including 11 studies and 215 children the successful 
recanalization rate was 90%, complete recanalization in 53%. Favour-
able outcome (MRS 0–2) was 85% [104]. These data support that 
thrombectomy should be considered in children – although a reporting 
bias from successful cases cannot be excluded. In addition, there is still 
the uncertainty which children will profit from thrombectomy. Age of 
the child, underlying aetiologies, data from acute perfusion studies, 
collateral integrity and clinical diffusion mismatch might help in this 
decision [102,103,105,106]. Further analysis suggests that 
cost-effectiveness of thrombectomy in childhood AIS is likely [107]. 

5.3. Anticoagulation 

There are no studies to answer the question whether antiplatelet or 
anticoagulation treatments are the better choice in the acute setting. For 
most of the indications immediate start of treatment with aspirin (3–5 
mg/kg BW in the acute phase) is considered the first choice [84,108, 
109]. Anticoagulation with heparin should be evaluated in cases with 
embolic (heart) problems or dissection. However, studies in children 
with congenital heart defect [110] and study in dissections in adults 
[111] do question the need of a heparin or low molecular weight heparin 
treatment in these children. The role of direct oral anticoagulants 
(DOACS) in acute childhood stroke is not yet decided. After an acute 
recanalization treatment, the local protocol for start of antithrombotic 
treatment should be followed. 

For long-term prophylaxis aspirin in a dosage of 3 mg/kg BW is the 
best choice. Duration of treatment is not evident and underlying prob-
lem have to be taken in account. Most specialists treat for at least 2 years 
and then re-evaluate the situation [84,108]. In case of residual arterio-
pathy a lifelong treatment should be discussed. In addition, it is 
important for these children and adolescents to monitor carefully the 
risk factors for cardiovascular problems in adulthood. 

5.4. Special indications 

5.4.1. FCA-inflammatory type 
Treatment with aspirin to decrease the amount of thrombotic or 

embolic events is the first choice. Thrombectomy should be discussed 
very critically, as there are usually no or small thrombi and the risk to 
injure the inflammatory vessel wall is not to neglect [97,102]. Steroids 
to decrease the swelling and inflammatory process are increasingly used 
[112]. Evidence for that is now searched in two parallel studies (PASTA 
in Europe and Australia [113] and FOCAS in North America [114]). 

5.4.2. Moyamoya 
For children with Moyamoya disease or syndrome good monitoring 

of body fluid and blood pressure is important (target up to 90th 
percentile for systolic pressure for age) [115] to improve blood circu-
lation in the brain. These children will need an evaluation for surgical 
revascularization [116–119]. Whether direct surgery or indirect revas-
cularization is preferred has to be decided individually based on results 
from brain MRI, MR perfusion studies and six vessel angiography as well 
as intraoperative Doppler. Patients with Moyamoya have an increased 
risk of complications in anaesthesia, and an experienced team should 
take care for them. Long-term antiplatelet therapy with aspirin after 
surgery is often indicated [115]. 

5.4.3. Sickle cell disease 
Blood transfusion with a goal of haemoglobin S ratio <30% (hae-

moglobin values of 10 g/dl) should be started as soon as stroke is sus-
pected. If haemoglobin is > 11 g/dl exchange transfusion aiming for 
haemoglobin S concentration of 15% is recommended. Despite data 
from a recent meta-analysis showing that the level evidence for primary 

Image 5. A) malignant infarction of the left hemisphere with compression of 
the left ventricle and midline shift. B) same patient after decompressive cra-
niectomy on the left side. 
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or secondary stroke prevention with red blood cell transfusions or hy-
droxyurea remains low [120], international guidelines strongly recom-
mend monthly exchange transfusions after paediatric stroke in SCD 
[121]. 

6. Rehabilitation 

Rehabilitation should start as fast as possible. Most prominent 
improvement takes place in the first 3–6 months [122]. In the first few 
days, careful mobilization is important to assure that blood circulation 
in the brain is sufficient and no worsening of symptoms will take place 
during activities. During these days it is also important to have a thor-
ough evaluation of the problems - neuromotor problems, speech and 
swallowing problems as well as neurocognitive weaknesses. The stroke 
rehabilitation team should include specialists like specialized paedia-
tricians, occupational therapists, physical therapists, speech-language 
pathologists, nurses, social workers, psychologists and dietitians. 
Typical therapies include range of motion exercises, hand and wrist 
splints, traditional or modified constraint-induced movement therapy 
(CIMT), functional electrostimulation, mirror therapy, chemo-
denervation using Botulinum Toxin Type A, repetitive transcranial 
magnetic stimulation and surgical interventions [123]. 

7. Outcome 

For many decades outcome of children was thought to be superior 
compared to adults. However, the belief in plasticity of the child’s brain 
must be rediscussed [124,125]. Many studies show that concerning 
outcome a lesion in a developing network might be worse than in a fully 
developed system [126]. Children have similar outcome compared to 
young adults [127,128]. 

7.1. Mortality 

An analysis of mortality in childhood stroke in England and Wales 
between 1921 and 2000 showed a steady decline from the 1960s onward 
[129]. Mortality rates of AIS have dropped from up to 18% in the 1980s 
to around 6–9% in the early 2000s [1,2,6,130]. A population-based 
study in 2012 reported an overall fatality rate of 4% which was 
similar for ischaemic and haemorrhagic stroke [131]. A global burden of 
disease analysis in 2015 showed a marked decrease in death and 
disability adjusted life-years (DALY) between 1990 and 2013 in devel-
oped countries. The burden of stroke was significantly higher in devel-
oping countries and in men (especially in adolescents) compared to 
women [132]. 

7.2. Morbidity 

About 2/3 of children with AIS present with motor hemiparesis, and 
almost half of all still show symptoms after 6 months. Similar 
improvement rates of about 1/3 are seen in other neurological symp-
toms such as ataxia and dysphasia [133]. Long term observations over 2 
years do not show significant improvements after 6 months. This points 
to the importance of stimulating therapies during the first 6 months, 
which should be followed by a strategy to help compensate for residual 
symptoms and signs. 

A contrary development is observed in neurocognitive outcome. The 
earlier in life stroke happens, the worse the long-time problems are 
[134]. There is observed growing into deficits over the years. The def-
icits become more prominent with age – appropriate with higher de-
mands on children [135]. Most affected areas are attention, short term 
memory, processing speed, visuospatial functions, and theory of mind 
[136–138]. Yet, despite persisting problems over the years quality of life 
of young adults after stroke is reported not to be affected [128]. In 
addition, there are no significant differences in long-term quality of life 
after stroke in children and young adults [127]. 

7.3. Post-stroke seizures and epilepsy 

In general, paediatric patients experience seizures within the first 
day after stroke 18 times more frequently than adults [139]. Younger 
age and cortical ischaemia are risk factors for acute post-stroke seizures, 
defined as seizures occurring within the first week after stroke [140]. 

Post-stroke epilepsy is defined as two or more unprovoked seizures at 
any time between 48 h and two years after acute seizures [141]. 
Post-stroke epilepsy as well is reported to happen 4 times more 
frequently in children than in adults [142]. Importantly, seizures within 
the first 6 h after stroke are the most significant risk factor for 
post-stroke epilepsy [140]. The long-term follow-up of all patients with 
post-stroke epilepsy by a paediatric epileptologist is crucial. 

In summary, the significant challenges following paediatric stroke 
underscore the importance of providing proper care for these patients. It 
is crucial to support them through their transition into adulthood and 
professional life. 
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T. MacKay, Focal cerebral arteriopathy: do Steroids improve outcome? Stroke 48 
(2017) 2375–2382. 

[113] D. Brechbühl, L. Steiner, R. Münger, G. Oesch-Nementh, E.I. Piechowiak, 
P. Massatsch, M. Branca, M. Sauermann, A.N. Datta, J. Fluss, et al., High dose 
Steroids in children with stroke and unilateral focal arteriopathy: a multicentre 
randomized controlled trial PASTA (paediatric arteriopathy steroid aspirin) trial 
study protocol, Pediatr Stroke (2022). 

[114] Y. Park, H.J. Fullerton, J.J. Elm, A pragmatic, adaptive clinical trial design for a 
rare disease: the FOcal Cerebral Arteriopathy Steroid (FOCAS) trial [Internet], 
Contemp. Clin. Trials 86 (2019). Available from: https://pubmed.ncbi.nlm.nih. 
gov/31614215/. (Accessed 3 April 2023). 

[115] A.J. Giustini, S.A. Stone, C. Ramamoorthy, Moyamoya disease in children and its 
anesthetic implications: a review [Internet], Paediatr. Anaesth. 30 (2020) 
1191–1198. Available from: https://pubmed.ncbi.nlm.nih.gov/33463884/. 
(Accessed 3 April 2023). 

[116] S. Guey, E. Tournier-Lasserve, D. Hervé, M. Kossorotoff, Moyamoya disease and 
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