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Management 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

E. Steve Roach, MD, FAHA, Chair; Meredith R. Golomb, MD, MSc; Robert Adams, MD, MS, FAHA;
Jose Biller, MD, FAHA; Stephen Daniels, MD, PhD, FAHA; Gabrielle deVeber, MD;

Donna Ferriero, MD; Blaise V. Jones, MD; Fenella J. Kirkham, MB, MD;
R. Michael Scott, MD, FAHA; Edward R. Smith, MD

Purpose—The purpose of this statement is to review the literature on childhood stroke and to provide recommendations for
optimal diagnosis and treatment. This statement is intended for physicians who are responsible for diagnosing and treating
infants, children, and adolescents with cerebrovascular disease.

Methods—The Writing Group members were appointed by the American Heart Association Stroke Council’s Scientific
Statement Oversight Committee. The panel included members with several different areas of expertise. Each of the panel’s
recommendations was weighted by applying the American Heart Association Stroke Council’s Levels of Evidence grading
algorithm. After being reviewed by panel members, the manuscript was reviewed by 4 expert peer reviewers and by members
of the Stroke Council Leadership Committee and was approved by the American Heart Association Science Advisory and
Coordinating Committee. We anticipate that this statement will need to be updated in 4 years.

Results—Evidence-based recommendations are provided for the prevention of ischemic stroke caused by sickle cell
disease, moyamoya disease, cervicocephalic arterial dissection, and cardiogenic embolism. Recommendations on the
evaluation and management of hemorrhagic stroke also are provided. Protocols for dosing of heparin and warfarin in
children are suggested. Also included are recommendations on the evaluation and management of perinatal stroke and
cerebral sinovenous thrombosis in children. (Stroke. 2008;39:2644-2691.)

Key Words: AHA Scientific Statements � children � stroke

Stroke has been increasingly recognized in children in
recent years, but diagnosis and management can be

difficult because of the diversity of underlying risk factors
and the absence of a uniform treatment approach. Children
and adolescents with stroke have remarkable differences in
presentation compared with older patients. Stroke type also
varies according to age. In Western countries, 80% to 85% of
strokes among adults are ischemic, and the rest are hemor-
rhagic. In children, �55% of strokes are ischemic, and the
remainder are hemorrhagic.

The World Health Organization definition of stroke (a
clinical syndrome of rapidly developing focal or global

disturbance of brain function lasting �24 hours or leading to
death with no obvious nonvascular cause) is far from ideal
for children. Children with symptoms compatible with a
transient ischemic attack (TIA), for example, commonly
have a brain infarction shown by brain imaging despite the
transient nature of their symptoms. Children with cerebral
venous sinus thrombosis (CVST) commonly present with
headache or seizures. “Stroke-like episodes” without an
obvious vascular cause may occur in migraine or metabolic
disease but may require specific treatment. Prior illness
(eg, infection) or events (eg, head trauma) need not
preclude a diagnosis of stroke. Although extra-axial hema-
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tomas, neonatal intraventricular hemorrhages (IVHs), and
periventricular leukomalacia arise from cerebrovascular
dysfunction in a broad sense, they are not considered in
detail here.

Our purpose is to review the literature on stroke in children
and, whenever possible, to make recommendations for the
diagnosis and management of these children. Writing Group
members were appointed by the American Heart Association
Stroke Council’s Scientific Statement Oversight Committee.
The panel included members with several different areas of
expertise. The panel reviewed relevant articles on stroke in
children using a computerized search of the medical literature
through 2006. These articles were supplemented by other
articles known to the authors. Each recommendation was
weighted by applying the American Heart Association Stroke
Council’s Levels of Evidence grading algorithm (Table 1 and
the Figure). After being reviewed by the panel members, the
manuscript was reviewed by 4 expert peer reviewers and
members of the Stroke Council Leadership Committee and
was subsequently approved by the American Heart Associa-
tion’s Science Advisory and Coordinating Committee.

Although some information about the cause and clinical
manifestations of childhood stroke is included for the conve-
nience of readers who may be unfamiliar with these topics,

the group’s recommendations emphasize issues regarding
treatment. The recommendations in this article represent a
consensus of the authors. Because some aspects of stroke in
children have been studied more thoroughly than others,
some topics receive more attention than others. Despite major
progress in the study of stroke in children in recent years,
much of the literature remains descriptive. Continued re-
search is essential if we are to better understand the diagnosis
and treatment of stroke in children.

Overview of the Cause of Childhood Stroke
About half of the children presenting with an acute focal
neurological deficit have a previously identified risk factor,
and �1 additional risk factors often are uncovered in the
remaining patients.1 For arterial ischemic stroke, the most
common underlying conditions are sickle cell disease (SCD)
and congenital or acquired heart disease. Heart disease and
chronic anemia (including SCD and �-thalassemia) also are
risk factors for CVST, but the list of associated conditions
ranges from head and neck infections to systemic conditions
such as inflammatory bowel disease and autoimmune disor-
ders.2 Head trauma appears to be a trigger for arterial stroke1,3

and dehydration for venous stroke,4–6 whereas infections,
including varicella, meningitis, tonsillitis, and otitis media,1

and anemia, leukocytosis, and prothrombotic disorders are
probably risk factors for both.1,5–7 It is increasingly evident
that many children have multiple risk factors that together
determine the risk of stroke or stroke recurrence.

Various factors influencing stroke recurrence risk have
been documented in individuals with both symptomatic and
idiopathic stroke.5 Some arteriopathies are transient,8 and
occluded venous sinuses often recanalize.5,6 An estimated
10% of intracranial hemorrhages (ICHs) in the young result
from CVST.

Epidemiology of Childhood Stroke
After excluding neonatal strokes and strokes related to trauma
and infection, Schoenberg et al9 found 3 hemorrhagic strokes
and 1 ischemic stroke among 15 834 children in Rochester,
Minn, between 1965 and 1974. Their estimated annual stroke
incidence rate for children �15 years of age was 2.52 per
100 000 per year or 1.89 per 100 000 per year and 0.63 per
100 000 per year for hemorrhagic and ischemic strokes,
respectively. In this population, hemorrhagic strokes occurred
more often than ischemic strokes, whereas in the Mayo Clinic
referral population, ischemic strokes were more common.
Another study found a similar overall stroke incidence of 2.7
cases per 100 000 per year in the greater Cincinnati, Ohio,
area,10 although their combined incidence rate for intraparen-
chymal brain hemorrhage and subarachnoid hemorrhage
(SAH), 1.5 cases per 100 000 per year, was similar to the
incidence of ischemic infarction (1.2 cases in 100 000 per
year).10

More recent US studies have found a similar incidence,11

although a few studies report higher rates.12 Analyzing
California hospital discharge data for a 10-year interval for
children 1 month through 19 years of age, Fullerton and
colleagues11 estimated the stroke incidence to be 2.3 per
100 000 children per year (1.2 per 100 000 per year for

Table 1. Definition of Classes and Levels of Evidence Used in
AHA Stroke Council Recommendations

Class I Conditions for which there is evidence for
and/or general agreement that the
procedure or treatment is useful and
effective

Class II Conditions for which there is conflicting
evidence and/or a divergence of opinion
about the usefulness/efficacy of a
procedure or treatment

Class IIa The weight of evidence or opinion is in
favor of the procedure or treatment

Class IIb Usefulness/efficacy is less well established
by evidence or opinion

Class III Conditions for which there is evidence
and/or general agreement that the
procedure or treatment is not
useful/effective and in some cases may be
harmful

Therapeutic recommendations

Level of Evidence A Data derived from multiple randomized
clinical trials

Level of Evidence B Data derived from a single randomized trial
or nonrandomized studies

Level of Evidence C Consensus opinion of experts

Diagnostic recommendations

Level of Evidence A Data derived from multiple prospective
cohort studies using a reference standard
applied by a masked evaluator

Level of Evidence B Data derived from a single grade A study,
�1 case-control studies, or studies using a
reference standard applied by an
unmasked evaluator

Level of Evidence C Consensus opinion of experts
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ischemic lesions and 1.1 per 100 000 per year for hemor-
rhagic lesions). Boys were at higher risk than girls, and black
children were at higher risk than white and Asian children,
even after adjustment for trauma and the presence of SCD.11

A study of Chinese children in Hong Kong found a similar
overall stroke risk (2.1 per 100 000 per year), but only 28% of
those children had hemorrhagic strokes.13 Peak age for both
ischemic stroke and intraparenchymal brain hemorrhage is
the first year of life, with a third of the cases presenting in this
age group, whereas SAH is more common among teenag-
ers.11 There also appears to be an excess of strokes in boys
and in those of black ethnicity; this excess is not fully
explained by the prevalence of SCD in this population.14

The frequency of ischemic stroke may be greater than
previously suggested. Giroud and colleagues15 calculated the
stroke risk among individuals �16 years of age to be 13 per
100 000 per year. Their estimated incidence of hemorrhagic
lesions in children, however, was only slightly higher than in
earlier reports. Data from the National Hospital Discharge
Survey from 1980 to 1998 indicate that the risk of ischemic
stroke in individuals from birth through 18 years of age is 7.8
per 100 000, with a hemorrhagic stroke risk of 2.9 per
100 000.16

Recent estimates suggest that ischemic stroke occurs in �1
per 4000 live births,17 clearly a much higher rate than in older
children. Approximately 80% of these are ischemic, and the

rest are due to CVST or hemorrhage (excluding SAH and
IVH in premature babies). Schoenberg18 estimated that the
incidence of nontraumatic perinatal ICH in neonates was 1.1
per 1000 live births. However, this study was done before the
widespread use of computed tomography (CT), cranial ultra-
sound, and magnetic resonance imaging (MRI); the fact that
all 12 identified babies had an autopsy suggests that only the
most severe hemorrhages were identified. However, more
recent (1980 to 1998) data from the National Hospital
Discharge Survey indicate that the rate of hemorrhagic stroke
for term infants is 6.7 per 100 000 per year.16

The incidence of childhood CVST is 0.3 per 100 000
children per year for term birth to 18 years of age, and
neonates make up 43% of the patients.4

Arterial Ischemic Stroke
Perinatal Stroke

Definitions and Risk Factors
Neonatal stroke encompasses both ischemic and hemorrhagic
events resulting from disruption of either arteries or veins
from early gestation through the first month of life. The term
perinatal stroke describes cerebrovascular lesions that occur
from 28 weeks’ gestation through the first 7 days of life,
although some authors broaden this range from 20 weeks’
gestation to 28 days after birth, and lesions occurring even

Figure. Applying classification of recommendations and level of evidence.
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before 20 weeks have been documented.17,19 Approximately
80% of these are ischemic, and the remainder are due to
CVST or hemorrhage. Risk factors for neonatal stroke in-
clude cardiac disorders, coagulation disorders, infection,
trauma, drugs, maternal and placental disorders, and perinatal
asphyxia.17 Multiple risk factors have been documented,
especially blood disorders with asphyxial stress.20–22 Sus-
pected maternal risk factors for perinatal arterial ischemic
stroke include a history of infertility, chorioamnionitis, pre-
mature rupture of membranes, and preeclampsia.23 In fact, the
rate of perinatal arterial ischemic stroke increased dramati-
cally with the increasing number of risk factors in population-
based studies.

Clinical Presentation
Both neonatal arterial and venous strokes often present with
seizures, typically focal motor seizures involving only 1
extremity. Stroke accounts for an estimated 10% of the
seizures in term neonates. Some children with perinatal stroke
do not present in the neonatal period and appear quite normal
at this stage. These children usually present with early
handedness or developmental delay, suggesting a process that
began the first few months of life.

Diagnostic Evaluation
The optimal imaging study is somewhat dependent on the
child’s clinical stability. Cranial ultrasound is safe and readily
available, but it may miss superficial and ischemic lesions.24

CT is relatively quick, accurately depicts superficial or
hemorrhagic lesions, and confirms the lesion location. How-
ever, venous thrombosis and early arterial ischemic stroke
(AIS) are easily missed with CT.

Like ultrasound, MRI techniques do not expose the neonate
to the potentially harmful effects of ionizing radiation. MRI,
magnetic resonance angiography (MRA), and magnetic res-
onance venography (MRV) may more accurately define the
site of an arterial or venous occlusion. Additionally, MR
studies often demonstrate associated parenchymal abnormal-
ities more clearly, including nonischemic lesions that clini-
cally mimic arterial or venous stroke. Diffusion-weighted
imaging can confirm the presence and location of an infarc-
tion earlier than other MRI sequences or CT.21 CT angiogra-
phy (CTA) is an accurate means of identifying primary
vascular abnormalities when there is an unexplained hemor-
rhagic lesion. Catheter angiography (CA) is technically more
difficult in babies and tends to be done only when endovas-
cular surgical intervention is anticipated.

Residual Effects of Perinatal Stroke
Children frequently have significant long-term disabilities
after a perinatal stroke, including cognitive and sensory
impairments, cerebral palsy, and epilepsy. The few studies of
perinatal stroke outcome tend to be limited by small sample
size, heterogeneity of age of onset (eg, neonates with perina-
tal stroke frequently are combined with older children with
stroke), or confounding by other conditions such as hypoxic-
ischemic encephalopathy. Only studies that include neonates
with clearly defined AIS, CVST, or ICH and outcome data
are discussed here.

Cognitive impairment after perinatal AIS ranges from 0%
to 55%.20,25–29 One study of 40 children with perinatal stroke
found language delay in 25%.29 A study of 29 children with
unilateral perinatal stroke reported that all children �2 years
of age had “normal” IQ scores.26 Estimates of generalized
“developmental delay” after neonatal CVST range from
28%30 to 58%.31 A study of 19 children with neonatal CVST
reported a learning disability in only 1 child (5.3%).31 One
report of 27 children with neonatal sinovenous thrombosis
found cognitive impairment in 16 (59%), and 9 of the 27 had
moderate to severe dysfunction.32 Another study of 11 chil-
dren with spontaneous ICH reported cognitive delay or
speech impairment in 4 (36%).33

Sensory function in young children is difficult to assess.
Children with neonatal middle cerebral artery (MCA) terri-
tory infarction may develop thalamic atrophy, but whether
this has long-term implications for sensory perception is
unclear.34 In a study of 12 children and young adults with
unilateral perinatal stroke, 4 had abnormal somatosensory-
evoked potentials, but these children were unable to cooper-
ate for further evaluation of sensory function.35 In a study of
16 school-aged children with perinatal stroke, 6 (28%) had
impaired visual function.36 Several studies of children with
unilateral prenatal or perinatal strokes have described in-
creased difficulty with facial recognition37 and other visuo-
spatial tasks in small cohorts.38–40

Estimates of the incidence of cerebral palsy after perinatal
stroke vary widely: 9% to 88% after perinatal AIS26,29,41–47

and 6% to 67% after perinatal CVST.4,30,32,44 Outcome of
children with perinatal stroke ranges from normal to subtle
hemiplegia to severe quadriplegia. However, most children
with neonatal AIS and CVST learn to walk independently,
usually before 2 years of age.48 Although many neonates with
AIS, CVST, or ICH present with seizures,4,30 most do not
have epilepsy after the neonatal period. Estimates of the
incidence of epilepsy past the neonatal period range from 0%
to 46% for neonatal AIS20,25,27,29,43 and 6% to 41% for
neonatal CVST.4,32,49 A small portion of perinatal stroke
patients undergo surgery because of severe epilepsy syn-
dromes such as infantile spasms50 or intractable epilepsy.51

Outcome
There are few studies of stroke recurrence risk after neonatal
stroke. One study followed 215 children with neonatal AIS
for a median of 3.5 years. Recurrent symptomatic thrombo-
embolism occurred in 7, AIS in 4, CVST in 2, and deep
venous thrombosis in 1 individual. Factors associated with an
increased recurrence rate included thrombophilic states and
the presence of additional comorbidities such as complex
congenital heart disease or dehydration.52 Few data exist on
the risk of recurrent thromboembolism after neonatal CVST.
In the Canadian Registry, 5 of 61 neonates (8%) had
recurrence.4 Prothrombotic risk factors may modify presen-
tation and severity in children with bleeding disorders.
Children who have both hemophilia A and a thrombophilic
state may have a lower risk of hemorrhage as a neonate and
less likelihood of recurrent ICH.53

One study of 46 neonates with AIS noted that vascular
territory is not closely correlated with outcome.27 Another
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study of 24 children with perinatal stroke found that lesions
involving the cortex, basal ganglia, and internal capsule on
MRI were more likely to cause hemiplegia than strokes
involving only one of these regions.42 A study of 40 children
with perinatal stroke found that large stroke size and injury to
Broca’s area, the internal capsule, Wernicke’s area, or basal
ganglia were associated with cerebral palsy.29 In another
cohort of 23 preterm and term neonates with perinatal AIS,
infarction of an area supplied by a main branch of the MCA
predicted subsequent hemiplegia.46 A report of 62 children
with neonatal AIS and 25 children with neonatal CVST noted
that bilateral infarctions decreased the likelihood of walk-
ing.48 Neonates with CVST without infarction have a better
outcome than those with both CVST and infarction.4,32,48,54

Although most neonates with stroke do not subsequently
develop epilepsy, those who present with seizures may be at
a higher risk of an abnormal neurodevelopmental outcome. In
1 cohort of 46 neonates with AIS, the presence of seizures in
the neonatal period predicted the development of �1 disabil-
ities in the first years of life.27 Another study of 24 children
with perinatal AIS found that an abnormal electroencepha-
lography background predicted childhood hemiplegia.42,55

Neonatal encephalopathy may predict poor outcome after
AIS.56 However, children who appear normal in the neonatal
period but develop a hand preference or seizures after 2
months of age resulting from perinatal AIS may have a worse
prognosis than children who have neurological signs as
neonates. The presenting findings (hemiparesis or seizures)
may be more likely to persist.20,29 Prothrombotic disorders
may lead to poorer outcome after neonatal AIS.55 Not
surprisingly, term neonates who develop idiopathic ICH or
IVH appear to have a better prognosis than those with ICH
associated with hypoxic-ischemic insults or trauma.57

Management

Acute
Supportive care is important for all types of perinatal stroke.
Anecdotal reports suggest that surgical evacuation of a
hematoma may reduce extremely high intracranial pressure,
but it is not clear whether surgery improves the eventual
outcome. Ventricular drainage and, if indicated, later shunt-
ing for progressive hydrocephalus caused by IVH is
appropriate.33

The optimal therapy for neonates with AIS or CVST has
not been determined. Thrombolytic therapy has been used for
peripheral thrombi in neonates but rarely for neonatal CVST,
so neither its safety nor its effectiveness has been ascertained
in these patients. Neither unfractionated heparin (UFH) nor
low-molecular-weight heparin (LMWH) is used widely in
children with perinatal AIS, although children with severe
prothrombotic disorders or with cardiac or multiple systemic
thrombi may benefit. No major complications occurred in
preliminary studies of LMWH in neonates with CVST,58 but
it is not clear whether anticoagulation is beneficial in these
neonates, except in the setting of multiple thrombosed sinuses
and radiological evidence of propagating thrombosis despite
supportive therapy. Case reports also have described the use
of antithrombin concentrate59,60 and protein C concentrate61

to prevent venous thrombosis in neonates with congenital or
iatrogenic coagulation factor deficiencies.

Markedly low platelet counts and factor deficiencies
should be corrected. Vitamin K deficiency may be an issue in
areas of the world where vitamin K is not routinely admin-
istered to newborns,62 in infants with biliary atresia, or in
babies whose mothers ingested warfarin, phenytoin, or bar-
biturates during pregnancy. Large doses of vitamin K may be
needed to correct factor deficiencies induced by maternal
medications.63,64

Chronic
Many studies have documented a positive effect of rehabili-
tation on outcomes in children with cerebral palsy,65–70 but
these studies have not specifically described the subset of
children with perinatal stroke. Children who need rehabilita-
tion may be at higher risk of poor outcome.27,44 A study of 18
children with hemiplegic cerebral palsy from several causes
suggested that constraint of the normal arm led to increased
use of the weak arm.71

There is little information about the long-term use of
prophylactic therapies such as LMWH in neonates. Although
recurrent stroke is uncommon in these patients, individuals
with prothrombotic conditions plus other risk factors (eg,
complex congenital heart disease, dehydration, or prolonged
bed rest) may have a higher likelihood of recurrent venous
and arterial thrombosis, and prophylaxis may be considered
in these indviduals.52 It is reasonable to supplement folate and
B vitamins for children with a methylenetetrahydrofolate
reductase (MTHFR) mutation in an effort to normalize
homocysteine levels.

Similar uncertainties arise in the long-term treatment of
children with neonatal CVST. It is reasonable to try to
prevent dehydration and anemia, 2 known precipitants of
sinovenous thrombosis.4 Individuals with ICH caused by
bleeding disorders may require prophylactic replacement of
coagulation factors.72

Recommendations for Perinatal Stroke

Class I Recommendations

1. Markedly low platelet counts should be corrected in
individuals with ICH (Class I, Level of Evidence B).

2. Neonates with ICH resulting from coagulation factor
deficiency require replacement of the deficient coagu-
lation factors (Class I, Level of Evidence B).

3. Vitamin K should be administered to individuals with
vitamin K–dependent coagulation disorders (Class I,
Level of Evidence B). Higher doses of vitamin K may
be required in neonates with factor deficiencies result-
ing from maternal medications.

4. Patients who develop hydrocephalus after an ICH
should undergo ventricular drainage and later shunting
if significant hydrocephalus persists (Class I, Level of
Evidence B).

Class II Recommendations

1. It is reasonable to treat dehydration and anemia in
neonates with stroke (Class IIa, Level of Evidence C).

2. It is reasonable to use rehabilitation and ongoing phys-
ical therapy in an effort to reduce neurological dysfunc-
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tion in individuals with perinatal stroke (Class IIa,
Level of Evidence B).

3. It is reasonable to give folate and B vitamins to
individuals with an MTHFR mutation in an effort to
normalize homocysteine levels (Class IIa, Level of
Evidence C).

4. It is reasonable to evacuate an intraparenchymal brain
hematoma to reduce very high intracranial pressure,
although it is not clear whether this approach always
improves the outcome (Class IIa, Level of Evidence C).

5. Anticoagulation with LMWH or UFH may be consid-
ered in selected neonates with severe thrombophilic
disorders, multiple cerebral or systemic emboli, or
clinical or radiological evidence of propagating CVST
despite supportive therapy (Class IIb, Level of Evidence
C). Until additional information on its safety and
efficacy is available, a recommendation on the use of
anticoagulation in other neonates with CVST is not
possible.

Class III Recommendations

1. Thrombolytic agents are not recommended in neonates
until more information about the safety and effective-
ness of these agents is known (Class III, Level of
Evidence C).

AIS in Infants and Older Children

Risk Factors for First Stroke
Almost half of children with AIS are known to have a stroke
risk factor at the time of infarction, and �1 vascular risk
factors can be identified in at least two thirds of children after
a thorough evaluation.1,7 A detailed family history will
document cerebrovascular disease among first-degree rela-
tives, and a thorough physical examination will help to
identify systemic diseases that increase stroke risk. Even after
extensive investigations, however, no cause can be discov-
ered in up to 30% of children with AIS. A discussion of all
potential stroke risk factors is beyond the scope of this article,
but pediatric stroke risk factors have been reviewed
extensively.73

Some patients have �1 risk factor, but the presence of
multiple risk factors may compound the stroke risk for some
children. It may be impractical to investigate every conceiv-
able stroke risk factor in each child, and some physicians try
first assessing for the common causes of stroke and then
eliminating less common stroke risk factors (Tables 2 through 5)
on the basis of the patient’s clinical findings. The evaluation
of stroke in children is presented in more detail in Diagnostic
Evaluation of Children With Stroke.

Risk of Recurrent Stroke
Clinical and radiological recurrence of AIS is seen in 6% to
14% of children with a new infarction,74,75 but many more
have TIAs or silent reinfarctions. There are data suggesting
that a vascular lesion plus prothrombotic risk factors predict
recurrence risk. A large German population-based cohort74

found that a vascular origin was a risk factor for recurrence,
as were elevated lipoprotein(a) and protein C deficiencies. In
another series of 212 children from the United Kingdom, the
most important predictors of clinical recurrence were moya-
moya syndrome and low birth weight.75 The presence of at

least 1 genetic thrombophilic state was associated with a
higher risk of recurrence, as were previous TIAs and bilateral
infarctions at initial presentation.

Vascular and Nonvascular Risk Factors for Arterial
Ischemic Stroke
There are many risk factors for ischemic stroke in infants and
children, including preexisting illnesses such as congenital
cardiac disease, SCD, infections (eg, meningitis or varicella),
and various prothrombotic states (Table 3). Other patients
have cervicocephalic arterial dissection (CCAD), fibromus-
cular dysplasia (FMD), vasculitis (Table 5), moyamoya
disease, or other vasculopathies (Table 4).76 Yet, the cause of
stroke in up to one third of children with AIS goes undeter-
mined. What follows is a summary of some of the more
important risk factors for childhood ischemic stroke.

Sickle Cell Disease
Stroke is one of the major complications of SCD.77 Rates of
stroke in SCD are much higher than rates of stroke in children

Table 2. Miscellaneous and Genetic Risk Factors for Stroke

Hereditary dyslipoproteinemia

Familial hypoalphalipoproteinemia

Familial hypercholesterolemia

Type IV, type III hyperlipoproteinemia

Tangier disease

Progeria

Heritable disorders of connective tissue

Ehlers-Danlos syndrome (type IV)

Marfan syndrome

Pseudoxanthoma elasticum

Homocystinuria (cystathionine �-synthase deficiency, or 5, 20-MTHFR)

Menkes syndrome

Organic acidemias

Methylmalonic acidemia

Propionic acidemia

Isovaleric acidemia

Glutaric aciduria type II

Mitochondrial encephalomyopathies

MELAS

MERRF

MERRF/MELAS overlap syndrome

Kearns-Sayre syndrome

Fabry disease (�-galactosidase-A deficiency)

Subacute necrotizing encephalomyelopathy (Leigh disease)

Sulfite oxide deficiency

11-�-ketoreductase deficiency

17-�-hydroxylase deficiency

Purine nucleoside phosphorylase deficiency

Ornithine transcarbamylase deficiency

Neurofibromatosis type 1

HERNS

MERRF indicates myoclonic epilepsy with ragged-red fibers; HERNS, hered-
itary endotheliopathy with retinopathy, nephropathy, and stroke. Adapted from
Biller et al,523 with permission from Elsevier.
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in general. The Baltimore-Washington Cooperative Young
Stroke Study was a retrospective study that identified all
cases of ischemic and hemorrhagic stroke among children
and young adults within a catchment area that totaled 46
hospitals over a 3-year period between 1988 and 1991.14 The
total population of the region was based on 1990 census data.
The population of children with SCD was estimated from the
National Newborn Screening Report. A total of 35 strokes, 18
ischemic infarcts and 17 ICHs were identified. The overall
incidence of childhood stroke was calculated at 1.29 per
100 000 per year in the Baltimore-Washington area, but for
those with SCD, the incidence rate was 285 per 100 000 per
year (0.28% per year). The risk of both ischemic infarction
and hemorrhage was increased. The overall incidence of AIS

was 0.58 per 100 000 and ICH was 0.71 per 100 000.
Conversely, for children with SCD, the incidence rates per
100 000 were 238 and 47.5 for AIS and ICH, respectively.

Similar incidence rates in SCD were obtained in the
Cooperative Study of Sickle Cell Disease (CSSCD).78 The
CSSCD collected data on 4082 patients with SCD at 23
clinical centers within the United States over a 10-year period
from 1978 to 1988. In this study, TIA was included with
infarction and ICH. The annual incidence of first stroke was
0.46% per year. Children homozygous for the sickle cell gene
mutation (SCD-SS) had an even higher rate, 0.61% per year.
The highest rate of first stroke was in children between 2 and
5 years of age, followed by those from 6 to 9 years of age,
with incidences of 1.02% and 0.68% per year, respectively. In
contrast, the incidence of ICH was highest in adults between
20 and 29 years of age.

Acute Stroke in SCD. SCD promotes different forms of
cerebrovascular disease. The clinical presentation depends
primarily on the size and location of the lesion, although
many asymptomatic individuals have small infarctions on
MRI. Individuals with carotid vasculopathy often present
with an acute deficit resulting from a large ischemic infarc-
tion in the MCA territory. Some individuals develop progres-
sive vasculopathy of the intracranial internal carotid artery
(ICA) with distal collateral vessels or moyamoya syndrome
(see below). Large infarctions within the anterior cerebral
artery (ACA) or posterior cerebral artery territories occur less
often. Small infarctions are common and typically involve the
basal ganglia and deep white matter within the anterior
circulation. Border-zone infarctions are not as common as
large infarctions, but both are probably traceable to large-
artery disease. Occasionally, individuals with SCD may
develop sinovenous thrombosis or anterior spinal artery
syndrome. SAH and intracerebral hemorrhage also occur in
the context of sinovenous thrombosis and after rupture of
aneurysms usually located at the bifurcations of major ves-
sels, particularly in the vertebrobasilar circulation, or of
fragile moyamoya vessels. Reversible posterior leukoenceph-
alopathy has been described after acute chest syndrome79 but
may result in infarction, typically occipital.

Table 3. Reported Causes of Hypercoagulable States

Primary (hereditary) hypercoagulable states

Antithrombin deficiency

Protein C deficiency

Protein S deficiency

Activated protein C resistance with or without factor V Leiden mutation

Prothrombin gene mutation G20210A

Thermolabile variant of MTHFR

Disorders of fibrinogen

Disorders of plasminogen activator inhibitor

Anticardiolipin antibodies and lupus anticoagulant

Factor VII elevation

Factor VIII elevation

Factor XII deficiency

Protein C deficiency

Antithrombin deficiency

Protein S deficiency

Selected secondary (acquired) hypercoagulable states

Malignancy

Pregnancy (especially postpartum period)

Oral contraceptives

Ovarian hyperstimulation syndrome

Other hormonal treatments (eg, anabolic steroids, erythropoietin)

Nephrotic syndrome

Polycythemia vera

Essential thrombocythemia

Paroxysmal nocturnal hemoglobinuria

Diabetes mellitus

Hyperlipidemia

Elevated lipoprotein(a)

Heparin-induced thrombocytopenia

Homocystinuria

Hyperviscosity

Congestive heart failure

Sickle cell disease

Thrombotic thrombocytopenic purpura

Chemotherapeutic agents (ie, L-asparaginase, mitomycin, adjuvant breast
cancer therapy)

Adapted from Biller et al,523 with permission from Elsevier.

Table 4. Cerebral Vasculopathies in Children

Cervicocephalic arterial dissections

Moyamoya disease and moyamoya syndrome

FMD

Vasculitis

Transient cerebral arteriopathy

Postvaricella angiopathy

Migrainous infarction

Ergotism

Traumatic cerebrovascular disease

Radiation-induced arteriopathy

Tumoral encasement of cervicocephalic vessels

Hypoplasia and agenesis of cervicocephalic vessels

Congenital arterial fenestration

Adapted from Biller et al,523 with permission from Elsevier.
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