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Introduction

Stroke is not a diagnosis which springs to mind within the 
pediatric age group. Nonetheless, the combined incidence 
of ischemic and hemorrhagic stroke is estimated at 1.3 to 
13.0 children per 100,000 (1) and the overall incidence is 
increasing (2) due to a combination of improved survival of 
those with risk factors and increased recognition. 

Pediatric stroke is a heterogeneous entity, both in terms 
of etiology and presentation. This makes accurate and timely 
diagnosis challenging, and leaves uncertainty regarding 
optimum acute management. The 2017 Royal College 
of Pediatrics and Child Health guidelines on pediatric 
stroke (3) aimed to ameliorate these issues and provide a 
model for standardized pediatric stroke management in the 
United Kingdom. This long-awaited document was the 
combined work of multiple organizations, reflecting the 
multidisciplinary approach required for pediatric stroke 
management.

Adult stroke management is a standard against which 
pediatric stroke management can be compared and 
provides a template for potential improvement. Within 
the adult population, stroke diagnosis and management is 
streamlined and algorithm-based and has a robust evidence 
base (4). Rapid identification facilitates the provision of 
potentially life-saving treatments such as fibrinolysis and 
mechanical thrombectomy. However, unlike children, adult 
stroke care is underpinned by the relative uniformity of 
clinical presentation and underlying pathology. In children, 
the heterogeneous etiology, combined with a variable 
presentation creates diagnostic delays and management 

challenges (3). These challenges need addressing in order 
to avoid the significant morbidity and mortality and the 
potential for lifelong disability which is associated with 
childhood stroke (5). 

This article will summarize current challenges in pediatric 
stroke management and address the ways in which radiology 
can support timely diagnosis and assist patient selection for 
potentially life-saving treatments. 

Childhood stroke has a variable clinical 
presentation and heterogeneous etiology

Clinical presentation

Whilst stroke classically presents with an acute focal 
neurological deficit such as hemiplegia, speech or gait 
disturbance (6), the presentation is highly dependent on 
the age of the child and may not be specific. Toddlers and 
infants tend to present most non-specifically, with features 
such as irritability, somnolence, lethargy, feeding difficulty, 
apneic spells and hypotonia (7). Approximately 30–50% 
of children with an acute neurological presentation will 
have non-vascular diagnoses (8). The aim of clinical and 
imaging triage is to differentiate ischemic, hemorrhagic 
and non-vascular  et iologies ,  tr iggering dif ferent 
management cascades. The RCPCH guidelines recognize 
the potential for non-specific presentations and urge 
the assessing clinician to consider stroke in unusual 
presentations, or when there are unexplained parental 
concerns (3). In addition, stroke mimics further confuse 
the picture.
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Etiologies (Table 1)

The pathogenesis of both ischemic and hemorrhagic stroke 
differ considerably in children compared to adults (9). In 
adults, ischemic stroke typically results from a ruptured 
atherosclerotic plaque or via thromboembolism. In contrast, 
the majority of ischemic strokes in children occur in those 
with predisposing cardiac, vascular or hematological 
conditions (6). According to a prospective population-based 
study by Mallick et al., the most common risk factor for 
ischemic insult in children was acute systemic disorders, i.e., 
sepsis, dehydration, hypoxia or acidosis, which accounted 
for 31% of the cases examined. In order of decreasing 
frequency, the next most common were arteriopathy, 
chronic systemic disease (e.g., sickle cell) and cardiac causes 
which accounted for 29%, 25% and 23% of the cases 
respectively (6). 

Cerebral arteriopathy increases the risk of both ischemic 
and hemorrhagic stroke, occurring in approximately 
50% of cases of childhood acute ischemic stroke (10). 
It is characterized by narrowing or occlusion of the 
intracranial arterial vessels. Cerebral arteriopathy is an 
umbrella term used to describe a broad range of causes 
including dissection, vasculitis, Moyamoya, varicella 
vasculitis, radiation therapy and syndromic conditions (e.g., 
neurofibromatosis type-1 and trisomy 21) (10). The most 

common arteriopathy form in children is known as focal 
cerebral arteriopathy of childhood (FCA), and there is some 
evidence that FCA may have an inflammatory or post-viral 
etiology (11).

Ischemic and hemorrhagic stroke are important causes of 
morbidity and mortality in Sickle Cell Disease (SCD) with 
an estimated prevalence of 4.0% in childhood (12). The 
risk of ischemic stroke is principally due to SCD-associated 
cerebral arteriopathy, and Moyamoya syndrome may also 
be seen in SCD (13). Stroke in SCD is managed differently 
compared to other children, with blood transfusion often 
used in the acute setting, whilst the use of anti-platelets 
such as aspirin is not recommended (14).

Congenital heart disease (CHD) is a strong risk factor 
for stroke, with a 19-fold increase in risk of ischemic 
or hemorrhagic stroke in children (15). As well as the 
underlying condition, stroke risk is increased through 
arrhythmia, anticoagulation, cardiac catheterization, 
ventricular assist devices and corrective surgery (6). Here 
the mechanism is assumed to be embolic, which more 
readily reflects the underlying pathophysiology within 
the adult population (16) and the potential for outcome-
altering and time-critical IV or endovascular therapy in this 
subgroup is therefore of great interest.

Prothrombotic disorders such as Antithrombin, protein 
C, and protein S deficiency, factor V Leiden and elevated 

Table 1 Risk factors for stroke in children

Ischemic stroke [RCPCH guidelines (3) and Mallick et al. 2014 (6)]

Arteriopathies including focal cerebral arteriopathy, arterial dissection, vasculitidies and Moyamoya; 

Cardiac disease including cardiac interventions/surgery, congenital conditions, Extracorporeal Membrane Oxygenation (ECMO), right to 
left shunts, arrhythmia; 

Prothrombotic disorders such as anticardiolipin antibody; 

Sickle cell disease; 

Infection/sepsis; 

Thrombophilias such as factor V Leiden deficiency and antiphospholipid syndrome; 

Genetic and racial predispositions such as blacks and Asians and the male gender

Hemorrhagic stroke [RCPCH guidelines (3)]

Vascular disorders including arteriovenous malformation, aneurysms, Moyamoya and cavernomas; 

Clotting disorders such as platelet disorders, inherited bleeding diatheses and anticoagulant therapy; 

Sickle cell disease; 

Illicit drugs such as cocaine and amphetamine abuse; 

Black ethnicity and particularly male sex
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lipoprotein A are another important cause of ischemic 
stroke in children (6).

Coagulopathy and vascular malformations predispose 
to hemorrhagic stroke. Vascular anomalies account for 
40–90% of childhood hemorrhagic stroke (17) (Figure 1). 

Delays in diagnosis

The non-specific clinical presentation, variable risk factors 
and pathogenesis combine to create diagnostic uncertainty 
and management dilemmas. As a consequence, stroke is 
under-recognized in children and there can be marked 
delays in diagnosis (18). One study showed a median interval 
from symptom onset to diagnosis of 23 hours (18). Delays 
can result in parental anxiety, as well as denying potentially 
life-saving, time-critical treatments such as intravenous 
thrombolysis or mechanical thrombectomy. They can occur 
at several steps in the clinical pathway from the recognition 
of symptoms, clinical diagnosis, or obtaining diagnostic 
neuroimaging. 

How can these challenges be overcome?

To combat difficulties in clinical diagnosis and symptom 
recognition, the 2017 guidelines suggest increasing 
awareness of stroke in childhood amongst the general 
public and front-line clinical staff, through emphasizing use 
of the FAST (face, arm, speech, time) tool in the pediatric 
population (3). Popularizing such tools serves as a reminder 
that stroke must be considered and emphasizes the time 
critical nature of stroke management. This facilitates 
early recognition and appropriate specialist management. 
In the context of children with known risk factors (e.g., 
SCD or congenital heart disease), the guidelines suggest 
implementation of medical alert bracelets, prompting the 
assessing clinician to consider stroke as the cause of a non-
specific presentation (3). These recommendations are 
promising, but may not succeed in emulating the cultural 
shifts seen within adult stroke management over the 
preceding decades.

How can imaging address existing challenges?

Diagnostic imaging in acute stroke is obtained primarily 
through computed tomography (CT) and magnetic 
resonance (MR) imaging. Assessment of the vasculature 
can be additionally undertaken using CT with contrast 
(CTA), or MR angiography (MRA), performed with 

or without contrast. Furthermore there are options for 
advanced techniques such as CT and MR perfusion 
imaging. Considerations in selecting the appropriate 
modality include diagnostic accuracy, availability and 
tolerability for the child. The 2017 UK guidelines stress 
the need for rapid diagnosis and pragmatism with CT as 
the initial investigation of choice for suspected stroke. 
They recommended CT and CTA within 1 hour of arrival 
at hospital, based on the widespread availability of CT, 
rapid acquisition, and high sensitivity for hemorrhage (3).  
This pathway is recommended in patients presenting 
with acute focal neurological deficit, aphasia or reduced 
conscious level. The guidelines also suggest consideration 
of emergent brain imaging in children with new onset focal 
seizures, severe headache or neck pain, transient loss of 
consciousness, altered behavior, ataxia, vertigo, or witnessed 
transient focal neurological deficit (3). 

There are however inherent issues with such a guideline 
in children. In many cases of acute ischemic stroke, the 
initial unenhanced CT is normal (19). The rationale for 
initiating thrombolysis in the adult population is therefore 
based on the absence of hemorrhage on imaging with 
a strong clinical suspicion of ischemic insult (e.g., focal 
neurological deficit in an adult) (19). In children however, 
the clinical picture is more ambiguous. There is an 
understandable reluctance amongst many pediatricians to 
commence potentially hazardous therapy on the basis of a 
normal CT study, which has a low sensitivity for ischemic 
stroke. Due to the non-specific clinical presentation, there is 
a greater risk of thrombolysing patients with stroke mimics 
in the pediatric than adult populations. The potential for 
adverse iatrogenic effects means that, at present, a normal 
CT scan simply does not have the same implications for a 
stroke physician and pediatrician and may delay diagnosis.

A CTA is suggested as the next line of investigation 
because of rapid acquisition, widespread availability and 
the possibility of performing it shortly after the initial 
unenhanced CT. CTA can identify features associated with 
ischemic stroke such as major vessel occlusion, arteriopathy, 
or arterial dissection (19).

However, again, the absence of a vascular occlusion is 
non-specific for non-embolic infarcts since small caliber 
vessel thromboembolic occlusion can occur without 
imaging evidence on CTA. In the event of a non-embolic 
cause, the CTA will also be non-contributory and the use of 
fibrinolysis therapy is unlikely to be efficacious. In addition, 
CTA in pediatric patients can be challenging to interpret, 
especially if no dedicated neuroradiologist is routinely 
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Figure 1 Pediatric stroke has diverse etiopathogenesis. One size does not fit all! Case 1: Fibromuscular dysplasia. A 14-month-old boy 
presenting with 3 episodes of acute focal seizures of his left face, arm and leg without loss of consciousness and with residual left hemiplegia. 
Non-contrast CT showed low attenuation lesion in the right parasagittal cortex consistent with an acute infarct (arrow) (1A). It also showed 
a chronic cavitated infarct in the left caudate nucleus (arrow) (1B). Diffusion weighted imaging (1C) confirmed right anterior cerebral 
artery acute infarct; FLAIR imaging confirmed chronic left basal ganglia infarct (1D); MRA showed beading appearance of vessels (arrows) 
(1E). Case 2: Focal cerebral arteriopathy (FCA). A 5-year-old girl with acute onset of left sided weakness following chicken pox infection  
5 weeks previously. T2 weighted (2A) and ADC (2B) revealed acute infarct in the right corona radiata with focal stenosis of the right MCA 
on the MRA (arrow) (2C). Follow up imaging 10 years later (2D and 2E) shows a mature focal infarct but stable angiographic findings. Case 3: 
Moyamoya disease. Arterial ischemic strokes of variable ages in a 7-year-old girl with sickle cell disease shown on the DWI and T2 weighted 
images (3A,3B). Digital Subtraction Angiogram (DSA) (3C) confirms occlusive arteriopathy of the internal carotid T-junction (arrow) with 
extensive typically described ‘puff of smoke’ basal collateralization. Case 4: ACTA 2 mutation. A 6-year-old boy showing the typical imaging 
phenotype of ACTA 2 related stroke, a mixture of acute and chronic infarcts (4A), proximal dilatation of the large arteries (4B) with terminal 
tapering and smooth peripheral arteries (branches of a tree appearance). Note the absence of basal collaterals. ACTA 2 is a mutation affecting 
the smooth muscle alpha-actin complex. Case 5: Mitochondrial encephalopathy with lactic acidosis and stroke like episodes (MELAS). A 
16-year-old girl with acute infarcts in multiple areas of the brain shown on DWI (5A) not confirming to vascular territories, and cerebellar 
atrophy (5B), consistent with a mitochondrial stroke pattern. The MR angiogram was normal. Case 6: Hemorrhagic venous infarction. 
A 25-day-old term neonate presenting with seizures. Extensive venous hemorrhagic infarction is noted in both cerebral hemispheres, 
particularly involving the trans-medullary veins (6A,6B,6C). The CSF tested positive for parechovirus infection. Sepsis is a common cause of 
infarction in the very young children.
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available to report these studies.
For the reasons outlined above, there is an argument 

that pediatric patients may benefit from using MR as the 
initial investigative imaging modality, which is both more 
sensitive and specific for detecting ischemic stroke. In 
particular, diffusion weighted sequences can detect the 
cytotoxic edema associated with acute ischemia, with high 
sensitivity (19), providing a greater diagnostic yield and 
preventing false reassurance. In children, this has been 
demonstrated with observational studies (6). Further MR 
imaging sequences provide greater diagnostic detail which 
can help differentiate infarct from stroke mimics such as 
tumors (19). This approach has been recommended by the 
recent Australian and North American pediatric stroke 
guidelines, which highlight MR as the initial diagnostic 
imaging modality of choice, using an abbreviated protocol 
to counter the long acquisition time when the child presents 
within the timeframe for reperfusion therapy (20,21). A 
minimum suggested protocol would include diffusion 
weighted sequence, susceptibility-weighted imaging, FLAIR 
and a time-of-flight MRA (21).

There are clearly problems with access to MR, with 
frequent need for anesthetic support in children and 
problems with out-of-hours scanning. The RCPCH 
guidelines currently recommend that MR should only be 
offered as the initial imaging modality if available within 
one hour of arrival in hospital (3). However, tools developed 
for assessing parenchymal change on CT cannot be 
automatically assumed to be transferable to MR. Defining 
a ‘safe’ volume of diffusion change for thrombolysis is a 
parameter which has yet to be evidenced. Finally, a key 
advantage of CT is its sensitivity to acute hemorrhage; 
whilst there is evidence that MR may be equivalent in 
sensitivity (22), and this is supported by the Australian 
and American guidelines, this has not been conclusively 
proven and acute plain CT may remain necessary before 
reperfusion therapy.

Thrombolysis and thrombectomy in pediatric 
acute ischemic stroke

The Thrombolysis in Pediatric Stroke study (23) collapsed 
due to inadequate recruitment and subsequent funding 
withdrawal. This was despite having a robust multicenter 
design. The key difficulty was the relative infrequency 
of children with acute ischemic stroke who qualified for 
thrombolysis and presented within the recommended  
4.5-hour therapeutic window. This will likely prevent 

further prospective trials from being undertaken, thus 
increasing reliance on the existing retrospective evidence 
from cross-sectional studies and case series. 

With regard to thrombectomy, evidence is limited 
to series of consecutive cases from individual centers. 
Retrospective evidence is fraught with confound and 
potential bias, an uneasy evidence base upon which to justify 
potentially hazardous acute treatment options. The authors 
of the 2017 guidelines acknowledge this, using a survey-
based Delphi method to arrive at an expert consensus in 
order to provide guidance in consideration of thrombolysis 
and thrombectomy (3). 

The guidelines state that intravenous thrombolysis can 
be considered on a case-by-case basis, within 4.5 hours of 
symptom onset and in the absence of any contraindications. 
Suggested inclusion criteria are: age 2 years or more, 
an acute focal neurological deficit and PedNIHSS score 
between 4 and 24. Imaging must confirm the absence of 
hemorrhage and demonstrate normal or minimally ischemic 
parenchyma on CT or MR evidence of acute ischemia. 
The efficacy of this guidance is muted somewhat by the 
age restrictions since prior studies have indicated that a 
greater proportion of pediatric strokes occur in the younger 
age groups, particularly in neonates (6). Interestingly, the 
guidelines stipulate that there must be arterial occlusion or 
severe stenosis on CTA or MRA (3). Arterial occlusion or 
stenosis is often absent in patients with confirmed ischemic 
stroke (24). Importantly, arterial occlusion is associated with 
worse outcomes following intravenous thrombolysis, and 
in adult stroke care the presence of a large vessel arterial 
occlusion favors the use of mechanical thrombectomy 
to improve the eventual outcome (25). Further, arterial 
stenosis in children may only represent a post viral FCA as 
described above.

Making arterial occlusion a mandatory criterion for the 
use of thrombolysis in children means that children lacking 
this feature will be denied potentially life-changing therapy. 
Furthermore, this results in selection of a treatment group 
where outcomes are known to be worse post-thrombolysis 
(Figure 2). 

There is insufficient evidence for firm recommendations 
on mechanical thrombectomy in pediatrics worldwide 
but the guidelines draw upon the excellent outcomes 
in adult studies for added mechanical thrombectomy 
compared to intravenous thrombolysis alone. It has been 
suggested by the UK guidelines that thrombectomy can 
be considered in children with acute disabling ischemic 
stroke (PedNIHSS ≥6) up to 12 hours after symptom-onset, 



989Quantitative Imaging in Medicine and Surgery, Vol 8, No 10 November 2018

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2018;8(10):984-991qims.amegroups.com

unless contraindicated, when there is a favourable profile 
of salvageable brain tissue on imaging (3). How this latter 
aspect of ‘salvageable tissue’ as assessed in the acute setting 
remains unclear.

Conclusions

The 2017 UK guidelines give a welcome sense of urgency 
and importance of the need for a more cohesive approach 
to the management of childhood stroke. The overarching 
aim for the pediatric stroke community must be to translate 

the improvements seen in adult stroke care over the last 
decade into the childhood population. Given the relative 
infrequency and heterogeneity of childhood stroke, a firm 
evidence base is unlikely to be forthcoming in the near 
future. Therefore, case-by-case consideration is the current 
modus operandi, and careful case selection will be crucial for 
potentially harmful acute treatments such as thrombolysis 
or thrombectomy. Although the 2017 RCPCH guidelines 
have helped raised the profile of pediatric stroke among 
clinicians, some suggestions, such as the need for arterial 
occlusion on imaging, may in fact preclude treatment of 

Figure 2 Acute management of stroke in children needs to be evaluated on a case by case basis. Case 1: Mechanical thrombectomy. A 
5-year-old boy suffering from a diarrhoeal illness presented with acute loss of consciousness. He was intubated and an unenhanced CT 
scan was performed, showing a dense basilar artery (arrow) (1A). The patient was transferred to the regional stroke centre within an hour. 
DSA performed 3 hours after onset of symptoms confirmed occlusion of the basilar artery (1B). The clot was mechanically retrieved with a  
4×20 mm2 Solitaire stent. Post intervention angiogram revealed recanalization (arrow) (1C). There was some hind brain swelling that needed 
surgical posterior fossa decompression, but no neurological deficits followed. Case 2: Large infarction needing decompression. This 5-year-
old boy had a large left MCA territory infarction. Initial CT scan (2A) was performed 3 hours after onset of signs. Diffusion MR (2B) was 
performed 3 further hours later confirming the large infarct and lack of signal in the left MCA due to a proximal occlusion (2C). Salvageable 
brain tissue could not be confirmed. The patient went on to develop brain swelling needing decompression craniectomy on day 5 (2D), by 
which time the contralateral posterior circulation was already infarcted (arrow). Brain swelling increases from day 2 onwards and often the 
contralateral posterior cerebral artery is secondarily compressed against the tent as the hemisphere swells in such cases. 
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some children who would otherwise have benefitted from 
IV thrombolysis. We would therefore argue against the 
necessity of arterial occlusion on imaging to guide the need 
for thrombolysis. Triage should be based upon symptoms, 
likely cause, clinical severity, and the absence of clinical or 
radiological contraindications.

Given the challenges posed by pediatric stroke, we feel 
a cultural change towards more hyperacute MR may be 
warranted, whenever available, to assist in the diagnostic 
work up of this patient cohort. In doing so we hope to 
empower the assessing pediatrician to make confident 
decisions and ultimately lead to better outcomes for 
pediatric stroke patients.
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