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Stroke

• WHO 1971 - 2013: “A clinical 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”







Childhood stroke

• Important paediatric problem
– incidence approx. 5/100 000/year
– up to 1 000 children/year in UK
– as common as brain tumour
– one of the top 10 causes of childhood death
– 2/3rds of survivors have residual morbidity
– significant proportion of those with symptoms <24h will 

have cerebral infarction



Childhood stroke

• Arterial ischaemic stroke (AIS)
• Venous thrombosis

– Sinovenous
– Cortical venous

• Intracranial haemorrhage
– Intraparenchymal
– Intraventricular
– Subarachnoid
– Subdural
– Extradural
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Clinical guidelines

RCPCH Childhood Stroke 
Guidelines (May 2017)



Childhood AIS: take home messages

• Acute hemiparesis commonest presentation

• May present with “soft signs” in children with SCD 
(commonest RF world wide)

• Posterior circulation only accounts for 15%
– >90% male
– >50% secondary to vertebral dissection





Step 1: Differentiate stroke from mimics

• Imaging is key

• MRI ideal but 2017 RCPCH guidelines 
recommend CT&CTA for those presenting within 
window for hyperacute treatment (4-6hours)

• CTA: arch to CoW for AIS; intracranial for ICH



Step 2: Identify underlying risk factors

• 50% have pre-morbid diagnosis e.g. congenital 
heart disease

• Antecedent intercurrent infection (incl. varicella), 
anaemia, minor head trauma common

• Thrombophilia/silent heart disease rare
• 80% have cerebral/cervical non-atherosclerotic 

arteriopathy





Risk factor category Frequency N (%)

Arteriopathy (n=525) 277 (53%)

Cardiac disorders (n=667) 204 (31%)

Chronic systemic disorders (n=674) 199 (30%)

Prothrombotic states (n=674) 87 (13%)

Acute systemic disorders (n=658) 148 (23%)

Chronic head & neck disorders (n=667) 68 (10%)

Acute head & neck disorders (n=648) 148 (23%)

Infection (n=676) 165 (24%)

Risk factors for atherosclerosis (n=676) 12 (2%)

Other AIS risk factor recorded 150 (22%)

Mackay et al 2011









Step 3: Define the AIS subtype



Classification of childhood cerebral 
arteriopathies

Current Opinion in Pediatrics 2004; 16: 617



• Non-inflammatory vasculopathies
– Dissection
– Moyamoya (primary/secondary)
– Transient cerebral arteriopathy
– SCD
– Congenital hypoplasia/dysplasia
– FMD
– Drugs

• Primary vasculitides w CNS involvement
– incl primary CNS angiitis

• Secondary vasculitides w CNS involvement
– Collagen vascular diseases
– Infection





Childhood AIS: key investigations that 
change management

• Clinical examination
– Neurocutaneous
– Heart/pulses/bruit
– Blood pressure
– Horner’s syndrome

• MRA: arch to CoW
• Echocardiogram
• ?LP



Arteriopathy in 
childhood AIS



TCA/FCA

• Most commonly identified arteriopathy associated 
with childhood AIS

• Occlusive disease of TICA/proximal MCA – i.e. 
intracranial

• +/- associated with antecedent varicella infection
• Initial imaging may be normal
• Focal and monophasic (though FCA diagnosis 

can be made on single scan)



Childhood PACNS

• Inflammatory cerebrovascular disorder 
confined to cerebral circulation
• Absence of systemic inflammation
• Controversy as to distinction between cPACNS & 

TCA/FCA (e.g. Aviv et al 2006) 

• Early results suggest that markers of endothelial 
injury & repair might distinguish between these



Arterial dissection

• Up to 15% AIS in young people
• Traumatic vs. non-traumatic
• Rarely associated with systemic connective tissue 

disorder (e.g. vascular EDS) but 50% have 
cutaneous connective tissue abnormalities

• Association with recent infection
• CADISS suggests no benefit to anticoag over 

aspirin



Moyamoya

• Terminal ICA occlusion with basal collaterals
• Radiological rather than clinical entity
• Primary vs. secondary
• Ethnicity
• Associated with genetic conditions: NF1, trisomy 21 etc.
• High rate recurrence
• Surgical revascularisation



• IPSS, n = 277/525 had abnormal vascular imaging

Subtypes of arteriopathy

Predictors of Arteriopathy
The 525 children with AIS and vascular imaging results were
included in this analysis. In the univariate analysis of predic-
tors of arteriopathy, the predictor with the largest OR was
sickle cell disease (OR, 4.0; Table 3). Other predictors
positively correlated with arteriopathy included early school
age (5 to 9 years) and recent URI. Variables associated with
a reduced risk of arteriopathy, on the other hand, included

past medical history of cardiac disease, concurrent sepsis, and
concurrent meningitis.

In the multivariate model (Table 4), sickle cell disease
remained the predictor with the largest OR (OR, 3.1). Early
school age and recent URI also were predictors, whereas
children with prior history of cardiac disease and sepsis had
significantly lower odds of arteriopathy. When subjects with

Table 3. Univariate Predictors of Arteriopathy in a Series of 525 Children With AIS and
Vascular Imaging Enrolled in the IPSS

Arteriopathy,
n/Total (%)

No Arteriopathy,
n/Total (%) OR (95% CI) P

Demographics

Male 157/277 (57) 155/248 (63) 0.79 (0.55–1.11) 0.175

Age group

29 d–4 y 106/277 (38) 123/248 (50) Reference

5–9 y 82/277 (30) 43/248 (17) 2.21 (1.41–3.45) 0.001

10–14 y 57/277 (21) 49/248 (20) 1.34 (0.84–2.14) 0.203

15–19 y 32/277 (12) 33/248 (13) 1.12 (0.65–1.95) 0.675

Race, maternal

White 19/34 (56) 32/43 (74) Reference

Black 12/34 (35) 10/43 (23) 2.02 (0.73–5.57) 0.173

Other 3/34 (9) 1/43 (2) 5.05 (0.35–52.10) 0.174

Past medical history

Cardiac disease 45/271 (17) 90/246 (37) 0.34 (0.23–0.52) !0.0001

Sickle cell disease 29/277 (10) 7/240 (3) 4.01 (1.72–9.32) !0.0001

Systemic lupus erythematosus 2/277 (1) 0/247 (0) ! ! ! 0.181

Hematologic malignancy 2/247 (1) 6/241 (2) 0.29 (0.06–1.46) 0.134

Recent infection

Fever 24/271 (9) 30/244 (12) 0.69 (0.39–1.22) 0.205

Fever without sepsis 21/271 (8) 14/244 (6) 1.38 (0.69–2.77) 0.367

Sepsis 7/271 (3) 24/244 (10) 0.24 (0.10–0.57) 0.001

Meningitis 2/265 (1) 9/243 (4) 0.20 (0.04–0.92) 0.039

URI* 24/265 (9) 11/243 (5) 2.10 (1.01–4.38) 0.048

Head or neck trauma 32/265 (12) 19/243 (8) 1.62 (0.89–2.94) 0.113

*Includes sinusitis and otitis media.

Table 2. Arteriopathy Subtypes Among 277 Children With AIS
and Arteriopathy Diagnosed on Vascular Imaging

Arteriopathy n %

FCA* 69 25

Moyamoya (primary or secondary)†‡ 61 22

Arterial dissection‡ 56 20

Vasculitis 33 12

Sickle cell disease arteriopathy 21 8

Postvaricella angiopathy 19 7

Other§ 10 4

Unspecified vasculopathy 9 3

*Includes TCA (n"11).
†Excludes children with sickle cell disease.
‡One subject with moyamoya and dissection.
§Fibromuscular dysplasia (n"2), atherosclerosis (n"1), vessel hypoplasia

(n"2), HIV vasculopathy (n"1), Sturge Weber (n"1), Susac syndrome (n"1),
penetrating trauma (n"1), and cervical artery ligation (n"1).

Table 4. Adjusted Odds of Arteriopathy in a Series of 525
Children With AIS and Vascular Imaging Enrolled in the IPSS

OR (95% CI) P

Demographics

Age group

29 d–4 y Reference

5–9 y 2.04 (1.25–3.34) 0.004

10–14 y 1.12 (0.68–1.86) 0.647

15–19 y 1.10 (0.61–1.97) 0.749

Past medical history

Cardiac disease 0.37 (0.24–0.57) !0.0001

Sickle cell disease 3.06 (1.27–7.39) 0.013

Recent infection

Sepsis 0.34 (0.13–0.88) 0.026

Meningitis 0.27 (0.05–1.36) 0.112

URI* 2.36 (1.05–5.27) 0.037

*Includes sinusitis and otitis media.
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The SLSR is an ongoing population-based register that enrolls
all persons from the South-East Thames region of London with
first-ever strokes notified from multiple sources. Detailed
methods of notification of patients and data collection have
been previously described (Stewart et al. 1999).

The paediatric group consisted of 36 children (22
females, 14 males; median age 5 years 7 months, age range 6
weeks to 15 years 10 months) who had presented to the
Paediatric Neurology Department at Guy’s Hospital, London

with acute ischaemic stroke between the beginning of 1995
and the end of 2000. This is the tertiary paediatric neurology
centre for the South-East Thames region of the UK. As sickle
cell disesase is the most common cause of childhood stroke,
the clinician in charge of the regional paediatric haematology
service was contacted in order to identify any additional
patients with ischaemic stroke who had presented to this ser-
vice. Clinical, laboratory, and imaging data were reviewed by
the authors. 

Strokes were classified into subarachnoid haemorrhage,
primary intracerebral haemorrhage, or ischaemic stroke.
Data relating to all adults (patients aged between 16 and 50
years) in a defined population of South London who had had
an ischaemic stroke between the beginning of 1995 and the
end of 2000 were extracted from the SLSR and analyzed for
this study. In all cases, investigations were directed by patients’
clinicians; as a result of this there is some variation in the avail-
able data. The adults group comprised 50 patients (35 males 15
females; median age 44 years; age range 17 years 2 months to
49 years 11 months).

All patients were classified using a modified version of the
TOAST classification, as previously described (Adams et al.
1993, Hajat et al. 2001). The specific criteria for allocation
into each subtype were predefined as previously detailed in
the SLSR (Hajat et al. 2001) and applied consistently between
the children and adults. Criteria included causes which were
designated ‘possible’ or ‘probable’ causes of stroke. If both a
‘possible’ and a ‘probable’ cause of stroke were identified in
the same individual, that patient was allocated into the cate-
gory of the ‘probable’ cause. Determination of stroke sub-
type was carried out retrospectively on the basis of all
available data. Ethical approval for the study was obtained
from Guy’s and St Thomas’ Hospital ethics committee. All
data was anonymized.

Results
Eighty-six patients were identified. Twenty-five children and
30 adults were white, 11 children and 15 adults were black
(including African–Caribbean, black African, or black other/
mixed) and five adults were of other ethnicity. Thirty-two of
the 36 children and all of the adults lived in the South-East
Thames region of London. 

INVESTIGATIONS

The investigations which had been carried out in these
patients are summarized in Table I. All children were investi-
gated with brain MRI (which included magnetic resonance
angiography [MRA] of the Circle of Willis in 32 patients). Only
one child, with cardioembolic stroke secondary to congenital
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Table I: Investigations

Investigation Children Adults
(n=36) (n=50)

Brain MRI or CT 36 41/43 
Cerebrovascular imaginga 35 40/50 
Cardiac echocardiogram 29 34/44 
ECG 29 36/39 
Prothrombotic screen 28 28/39 

a Either magnetic resonance angiography, conventional cerebral
angiography, or carotid doppler ultrasound. Information relating to
investigation was not available for all adults and investigation rates
are shown as a proportion of those for whom data were available. 

Table III: Ischaemic stroke subtype distribution according to ethnicity 

Stroke subtype Adults Children
White (n=30) Black (n=15) Other (n=5) White (n=25) Black (n=11)

Large artery atherosclerosis 2 2 0 0 0
Cardioembolic 4 0 2 2 1
Small vessel disease 10 5 2 0 0
Other determined 4 4 0 19 10
Undetermined/multiple probable 10 4 1 4 0

Table II: Ischaemic stroke subtypes according to TOAST
classification 

Ischaemic stroke subtype Children Adults 
(n=36) (n=50)

Large artery atherosclerosis 0 4 
Cardioembolic 3 6 
Small vessel 0 17 
Other determined aetiology 29 8

SCD 8 1
Arterial dissection 3 0
Large vessel vasculopathy 11 0
Moyamoya disease 3 0
Migraine 1 5
MELAS 1 0
Anticardiolipin antibodies 0 2
Meningitis 1 0
Direct ICA trauma 1 0

Multiple probable aetiologies 1 3 
Undetermined aetiology 3 12 

SCD, sickle cell disease; MELAS, mitochondrial encephalopathy, lactic
acidosis and stroke like episodes; ICA, internal carotid artery. TOAST,
Trial of Org 10172 in Acute Stroke Therapy (Adams et al. 1993).



IPSS, AIS, n = 661

• 3% mortality
• 74% neurological morbidity at time of discharge
• Arteriopathy, bilateral injury, reduced LOC 

predictive of adverse outcome





Conclusions: Globally, between 1990 and 2013, there was a 
significant increase in the absolute number of prevalent 
childhood strokes, while absolute numbers and rates of both 
deaths and DALYs declined significantly. The gap in childhood 
stroke burden between developed and developing countries is 
closing; however, in 2013, childhood stroke burden in terms of 
absolute numbers of prevalent strokes, deaths and DALYs 
remained much higher in developing countries. There is an 
urgent need to address these disparities with both global and 
country-level initiatives targeting prevention as well as 
improved access to acute and chronic stroke care.





Childhood AIS: outcome

• Most children with AIS will
– Walk out of hospital
– Go to mainstream school
– Live independently as adults

• Outcome not predictable on the basis of lesion 
characteristics/aetiology/age

• Risk-benefit of high risk interventions undefined



Childhood AIS: economic impact

• Acute treatment costs approx $70 000 USD/child

• At 5y healthcare costs = $135 000 USD

• Societal impact not quantified



Childhood AIS: acute treatment

• Maintain homeostasis (BP, temperature, treat sz)

• Exchange transfusion for SCD 
– HbS <30%, Hb >10



Thrombolysis & adult AIS





Acute presentation

• Hemiparesis commonest presentation of AIS in all ages

• Of 50 children w acute hemi & final diagnosis of AIS
– 75% present to a doctor <6hours
– 35% not scanned in first 24 hours 
– 85% took >24 hours to have MRI

• Similar data from USA, Australia & Canada



Diagnosis

• Logistics of diagnostic imaging in children 
– Access to hyperacute MRI
– GA/sedation
– Expertise in interpretation
– Expertise in paediatric neuroangiography
– Radiation



Aetiology

• 80% have non-atheromatous cerebral arteriopathy
– Most FCA/TCA
– Most anterior circulation

• Childhood AIS multifactorial, no single risk factor dominant
• Of 185 children with AIS seen @ GOSH 1978 – 2000, 30 

had occluded artery (16%)
• Fullerton et al (California): 6/52 (12%) occluded artery



Paediatric thrombolysis

• Gupta et al 2001:
– n = 80 (65 AIS)
– Some degree of clot resolution in 85%
– 70% had complications related to tPA



Paediatric Stroke Guidelines & thrombolysis

• RCP 2004 – not discussed; Chest 2008 – not 
recommended

• AHA 2009 
– thrombolysis not recommended for neonates
– consider in some CVST
– not recommended for AIS outside a trial 
– no consensus on adolescents who meet tPA criteria



Alshekhlee et al., 2013

• National Kids Inpatient Database: 67/ 9257 given 
thrombolysis for AIS 1998-2009

• Tended to be older
• In adjusted logistic regression analysis, 

thrombolysis assoc. w ICH (OR 4.28, 1.3 – 14) but 
not assoc. with in-hospital mortality (OR 1.77, 0.86 
– 3.64)

• General increase in thrombolysis per 3year 
interval









TIPS

• 17/25 planned sites activated at study closure
• Active for mean of 9 months
• Closed Dec 2013
• 93 screened, 1 enrolled







• Out for consultation
• Likely to recommend IV tPA for >8y within 4.5h

– w +DWI on MRI or ”normal” CT
– AND large vessel occlusion on CTA/MRA
– NIHSS >4

• Consider IV tPA in 2-8y
• Thrombectomy <4.5h (or <24h if posterior 

circulation)

RCPCH Childhood Stroke 
Guidelines (May 2017)





Pediatric NIHSSS



Arterial ischaemic stroke: recurrence

• Clinical recurrence in 5% - 37%; >60% in children 
with SCD

• Re-infarction in 33%, clinically silent in 11%
• Risk factors :

– vascular pathology (esp. moyamoya)
– protein C deficiency/increased lipoprotein (a)
– immunodeficiency
– thrombophilia in previously healthy

















Secondary prevention in childhood AIS

• Blood transfusion for SCD
• Anticoagulation for cardioembolic
• Aspirin for arteriopathy (?duration)
• Surgical revascularisation for moyamoya



Conclusions

• Childhood hemiparesis has a wide differential 
diagnosis

• The cause is non-vascular in 1/3rd

• Childhood ischaemic stroke has distinctive 
presentations, aetiologies and outcomes 
according to age



Conclusions

• Clinical guidelines are available to guide 
management of childhood AIS

• There is a dearth of evidence underpinning these

• As well as medical therapies, surgical and 
endovascular treatments may have a role in some 
patients; a multidisciplinary approach is helpful




