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Introduction
Stroke is an important cause of mortality and chronic mor-
bidity in children. Cerebrovascular disorders are among
the top 10 causes of death in children. In the United States
in 2001, over 28,000 years of potential life were lost to
stroke in individuals under 25 years of age. Of the hun-
dreds of children who suffer a stroke each year, more than
half will have permanent motor or cognitive disability.
Perinatal stroke develops between 28 weeks of gestation
and 1 month of age, whereas childhood stroke occurs later,
between 30 days and 18 years of age.

Recent improvements in imaging techniques have led
to increased detection and characterization of stroke in
children and have contributed to increases in the reported
incidence and prevalence of the disorder. The first popula-
tion-based study of stroke in children, done in the 1970s,
found an incidence of 2.52 per 100,000 children for all
stroke types [1]. Subsequent studies based on more wide-
spread use of neuroimaging have identified higher rates of
stroke in children.

The clinical presentation of stroke in children varies
according to age, underlying cause, and stroke location.
The most common presentations include hemiplegia and
seizure in ischemic stroke, headache and vomiting in hem-
orrhagic stroke, and headache and decreased level of con-
sciousness in children with cerebral venous thrombosis.

The causes of stroke in children have changed over
time. In the past, bacterial meningitis was a common cause
of ischemic stroke in children. Today, cardiac disorders,
blood disorders, vasculopathies, and viral infections are
more common causes.

The treatment and prevention of stroke in children is not
well studied. Other treatments for childhood stroke are based
on adult studies, nonrandomized trials, or expert opinion.
Future prevention studies are needed, because up to 30% of
children with ischemic stroke will have a recurrence.

The outcome of children after stroke varies among
studies due to differences in follow-up time, functional
measures, stroke type, and population studied. More than
50% of survivors develop some neurologic or cognitive
problem, and 5% to 20% of affected children die.

This review is restricted to cerebrovascular disorders
that occur between 30 days and 18 years of age, and it
briefly describes the epidemiology, risk factors, evaluation,
treatment, and outcome of arterial ischemic stroke, hemor-
rhagic stroke, and cerebral venous thrombosis in children.
Perinatal stroke is not discussed here, but detailed informa-
tion is available elsewhere [2].

Arterial Ischemic Stroke
Epidemiology
Arterial ischemic stroke (AIS) is defined as an acute focal
neurologic deficit lasting more than 24 hours with neu-
roimaging evidence of cerebral infarction. The incidence
of childhood AIS, as reported by population-based stud-
ies and hospital discharge surveys, ranges from 0.6 to
7.9 per 100,000 children. The first study to report the
incidence of childhood stroke in the United States was
based in Rochester, MN and estimated the rate of AIS at
0.6 per 100,000 children [1]. Since then, recent studies
within and outside the United States have found higher
rates of AIS in children (Table 1) [3–6]. Hospital dis-
charge studies of stroke in children have found similar
incidence rates as compared with population-based
studies and have provided important information on
gender, ethnicity, and stroke subtype differences. A study
of hospital discharges for stroke in children in Califor-
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nia from 1991 to 2000 yielded an incidence rate of AIS
at 1.2 per 100,000 children per year [7•]. A review of
data from the National Hospital Discharge Survey
(NHDS), a continuous survey of hospital discharges
throughout the United States, revealed that from 1979
through 2000 the mean rate of hospitalization for chil-
dren diagnosed with AIS was 7.8 per 100,000 children
per year [8]. In these two studies, childhood AIS hospi-
talization rates were greater for male patients than
female patients, for blacks than whites, and for ischemic
than hemorrhagic stroke. The mean age at hospitaliza-
tion in the NHDS study was 7.6 years (median, 7.0),
which is slightly higher than ages reported in other
cohort studies [9,10••].

The clinical presentation of AIS is related to the age of
the child and location of the stroke. In the 1st year of life,
infants with stroke typically present with seizures, hypoto-
nia, or apnea. Some infants with stroke may not manifest
symptoms early in life, but are diagnosed retrospectively
when evidence of hemiparesis or postneonatal seizures
leads to later evaluation and neuroimaging. Older children
with stroke present with focal neurologic deficits, usually
hemiplegia and/or seizures.

Mechanism
The determination of the mechanism of AIS may require
extensive investigation. Etiologic evaluations of childhood
stroke vary among institutions and are often limited. The
mechanisms by which AIS occurs in children include
thromboembolism from the heart or an intracranial or
extracranial vessel; acute, transient, or progressive arteriop-
athy; and other rare causes. A recent study of 185 children
with AIS found that 79% of cases had abnormal cerebral
arterial imaging, predominantly occlusion or stenosis of
the terminal internal carotid artery (ICA) or proximal mid-
dle cerebral artery (MCA). In the remaining cases, the
mechanism of stroke was undetermined [10••].

Risk factors
Over 100 risk factors for stroke in children have been
reported [11]; however, the extent of the evaluation is
often limited and no risk factors are identified in one
third of cases. The most frequently reported risk factors
for AIS in children are cardiac disorders, hematologic
disorders, metabolic disorders, vascular disorders, and
infection [12••,13].

Cardiac disorders
Cardiac disorders, identified in up to 50% of strokes in
case series, are the most common risk factor for stroke in
children [14]. In the Canadian Pediatric Ischemic Stroke
Registry (CPISR) [6], cardiac disease was identified in 25%
of children with AIS. Cardiac disorders were the most com-
mon risk factor among children hospitalized with AIS in
the United States from 1979 to 2000 (27% of all cases) [8].
Several cardiac disorders are associated with stroke in chil-
dren: congenital heart disease, intracardiac defects, cardiac
procedures, and acquired heart disease. Cardiac disorders
can lead to the development of intracardiac thrombi that
may embolize to the brain or can lead to thrombosis in
cyanotic patients with anemia [15]. Congenital heart dis-
ease (CHD) was the most common risk factor among chil-
dren hospitalized with stroke in California from 1991 to
2000 [7•]. The incidence of CHD is one per 125 live births
[16]. In the United States, early treatment and improved
surgical techniques for cardiac disorders have increased
survival rates and reduced cerebrovascular events [17]: the
percentage of ischemic strokes due to cardiac disorders
decreased 76% among children hospitalized with ischemic
stroke between the years 1979 and 2000 [8]. The risk of
stroke in children with CHD is related to the underlying
abnormality, diagnostic and surgical procedures, and asso-
ciated genetic or acquired factors that predispose children
to thrombosis. Silent infarction may also occur as demon-
strated by neuroimaging studies that revealed permanent

Table 1. International age-specific incidence rates of stroke in children           

Incidence rate

Study (years), country Subjects, n Age range AIS HS AIS + HS

Beran-Koehn (1955–1994), USA 13 0–14 y 1.3 1.1 2.3
Schoenberg (1965–1974), USA 4 0–14 y 0.6 1.9 2.5
Eeg-Olofsson (1970–1979), Sweden 5 0–14 y - - 2.1
Satoh (1974–1989), Japan 54 0–15 y 0.2 - -
Broderick (1988–1989), USA 16 0–15 y 1.2 1.5 2.7
Giroud (1985–1993), France 28 0–16 y 7.9 5.1 13
Earley (1988–1991), USA 35 0–14 y 0.58 0.71 1.29
DeVeber (2000), Canada 820 30 d to 18 y 2.6 - 0.7
Lynch (1979–2000), USA 1377 30 d to 18 y 7.8* 4.1* 11.9*
Fullerton (1991–2000), USA 2278 30 d to 19 y 1.2* 1.1* 2.3*
Al-Sulaiman (1991–1996), Saudi Arabia 31 0–11 y - - 29.7†

*Based on a hospital discharge database. 
†Hospital frequency rate. 
AIS—arterial ischemic stroke; HS—hemorrhagic stroke.
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neurologic damage in infants undergoing cardiac surgery
for CHD [18]. A pre- and postoperative magnetic reso-
nance imaging (MRI) study of 24 infants undergoing pedi-
atric surgery revealed that 67% of cases developed new
lesions or worsening of preoperative lesions [17].

Hematologic and metabolic disorders
Blood disorders were the second most common risk factor
recorded among children hospitalized with AIS in the
United States from 1979 to 2000. Several blood disorders
are associated with AIS in children and include sickle cell
disease (SCD) and genetic and acquired coagulation
abnormalities. SCD is the most common risk factor for
stroke in black children. Children with SCD (hemoglobin
SS) have a risk of stroke over 200 times that of healthy chil-
dren. Cohort studies have shown that 22% percent of chil-
dren with SCD have evidence of silent infarction [19•],
and 10% percent will develop symptomatic stroke by 14
years of age [20]. The recurrence risk of stroke in children
with SCD is extremely high: as many as 66% will have a
recurrence by 9 years [21], and even among children who
receive the best medical therapy the recurrence rate is 22%
[20]. Sickle cell-related stroke is primarily associated with
large vessel disease, but small vessel involvement is also
reported. A study of 34 children with AIS and SCD
reported greater involvement of large arteries (59%) than
small vessels (32%) [10••]. In contrast, a study of 146 chil-
dren with SCD found that among children with vasculopa-
thy, 69% had small vessel disease whereas only 31% had
large vessel disease [22]. The large vessel vasculopathy
observed in SCD primarily involves the distal ICA and
proximal anterior cerebral artery (ACA) and MCA and may
progress to an angiographic pattern of moyamoya disease
[23]. The mechanism by which stroke develops in children
with SCD is unclear, but the extent of resulting brain injury
is correlated to the degree of vasculopathy [22].

Deficiencies or mutations in coagulation and meta-
bolic factors can lead to thrombosis. Several coagulation
and metabolic abnormalities have been evaluated in chil-
dren with AIS, but there has been a wide variation in the
prevalence of these abnormalities among international
cohorts. Several case-control studies, utilizing hospital-
based adult and population-based child controls, have
shown an association between coagulation abnormalities
and AIS [24–26], whereas others studies yielded negative
results [27–30]. The most consistent associations between
AIS and coagulation and metabolic abnormalities have
been reported primarily in European populations for pro-
tein C deficiency, elevated lipoprotein (a), and the factor V
Leiden mutation [26,30,31]. Case-control studies of pro-
tein S and antithrombin deficiency, anticardiolipin anti-
bodies, and the prothrombin 20210A and MTHFR
mutation have shown mixed results. The variation in the
prevalence of these mutations is likely due to the range and
timing of investigations, small sample sizes, and popula-
tion admixture and stratification [10••]. The risk of AIS

seems to be greatest among children with a combination
of genetic factors, as multiple factors are associated with a
heightened risk of thrombosis and recurrence [9,12••].

Vascular disorders
Vasculopathies, including moyamoya syndrome, arterial
dissection, and hypoplastic vessels, were identified in 23%
of children with AIS in a recent cohort study [10••].
Moyamoya syndrome is a chronic noninflammatory occlu-
sive intracranial vasculopathy that accounts for a small per-
centage of AIS in children. The etiology of moyamoya is
unknown, but has been associated with a number of sys-
temic disorders. Diagnosis is based on an angiographic
finding of bilateral stenosis of the ICA and the develop-
ment of an extensive collateral network with the appear-
ance of a “puff of smoke.” Moyamoya is seen primarily in
Japanese patients, but has been reported in all ethnic
groups. Children with moyamoya typically present with an
acute neurologic deficit and may develop headache, sei-
zures, involuntary movements, and cognitive changes.
Arterial dissection is a common cause of stroke in young
adults and children. A review of case series published over
a 34-year period found that most children with dissection
are male and present with symptoms of hemiplegia and
headache [32•]. The mean age at diagnosis is around 8 to
11 years of age. Unlike adults, intracranial dissection occurs
more frequently in children. Arterial dissection has been
associated with a variety of conditions, but most cases are
due to trauma. Diagnosis is based on magnetic resonance
angiography (MRA) or conventional angiography abnor-
malities. There may be a long segment of narrowing, a dou-
ble-barrel lumen, an intimal flap, a tapering occlusion,
dissecting aneurysm, and/or distal embolization.

Infectious disorders
Observational studies have shown a strong and consistent
association between acute infection and stroke in adults.
Childhood AIS has been reported as a complication of men-
ingitis, encephalitis, brain abscess, and sepsis; in addition,
there have been several recent reports linking childhood AIS
with varicella, HIV, infection with Mycoplasma pneumoniae,
and parvovirus B19 infections. Infection likely leads to cere-
bral ischemia via multiple mechanisms. Infection can lead
to thrombosis via a systemic inflammatory response, a
hypercoagulable state, and/or direct invasion of the endo-
thelium. During serious infection, there is a rapid destruc-
tion of protein C and antithrombin III, both of which
normally inhibit coagulation. Infection also produces
endothelial injury and a release of inflammatory cytokines,
which lead to the downregulation of thrombomodulin.
Decreased levels of activated protein C and increased levels
of D-dimer and C4b binding protein have also been
observed in patients with stroke [33]. Meningitis and
encephalitis were among the most common risk factors in
children hospitalized with stroke in California from 1991 to
2000 [7•]. The prevalence of AIS in children with bacterial
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meningitis has been reported as high as 27% [34]. Several
studies have described a link between varicella infection and
AIS. A case-control study of children with idiopathic AIS
found a history of varicella infection within the past 9
months in 64% of cases and 9% of control subjects [35].
The prevalence of stroke among children with varicella has
been estimated at one per 6500 to 15,000 children [36,37].
The majority of strokes occur within the first 4 months after
infection, and children typically present with hemiplegia.
Varicella infection can produce a transient cerebral angiopa-
thy that affects the distal ICA and proximal cerebral artery
and may lead to intracranial arterial stenosis and subcortical
infarction. The recurrence rate of transient ischemic attack
(TIA) and AIS among children with varicella related AIS has
been reported as high as 45% [37].

Evaluation
There are no published consensus guidelines on the evalu-
ation of AIS in children, but systematic approaches have
been recommended [38,39]. The evaluation should iden-
tify the etiology and rule out other nonvascular causes that
mimic stroke (postictal paralysis, migraine, hypoglycemia,
and alternating hemiplegia). The history should include
questions regarding head and neck trauma, unexplained
fever or recent infection (varicella in last 12 months), drug
ingestion, developmental delay, blood disorders, and asso-
ciated headache. A careful family and birth history should
also be taken, with special attention to neurologic disease,
premature vascular disease, hematologic disease, and men-
tal retardation. A comprehensive evaluation of children
with stroke should also include hematologic, metabolic,
and angiographic studies, as recent evidence suggests that
the identification of multiple risk factors predicts worse
long-term outcome (Fig. 1) [9].

Cranial imaging procedures for AIS include MRI,
computed tomography (CT), and ultrasonography.
Although CT is usually the first imaging test employed
and is useful for differentiating hemorrhage from AIS,
conventional T1 and T2, with diffusion-weighted MRI, is
a preferable choice. Diffusion-weighted MR imaging
(DWI) is particularly sensitive to detection of early infarc-
tion, even when standard techniques do not detect abnor-
malities. In addition to DWI, several new MRI techniques
have been used for the evaluation of AIS in children,
including perfusion, gradient echo, and fluid attenuated
inversion recovery imaging [40]. MRA is also useful for
detecting occlusion and hypoplastic vessels [41] and
should be considered especially in the evaluation of chil-
dren with suspected arterial dissection. Conventional
angiography is recommended when MRI fails to identify
an etiology.

Transcranial Doppler (TCD) is useful in sickle cell-
related stroke and can be performed at the bedside. Chil-
dren with SCD who have a peak mean velocity greater than
200 cm within the terminal ICA or proximal MCA are at an
increased risk for stroke [42].

Echocardiography should be performed in all children
with AIS, and transesophageal echocardiography and a bub-
ble (agitated saline) study may also be indicated. More
extensive diagnostic testing should be performed in children
with no readily identifiable cause of stroke. These exams
may include cerebrospinal fluid analysis, tests for metabolic
disorders and vasculitis, and hemoglobin electrophoresis.

Treatment
There have been no randomized, clinical trials for the acute
treatment or secondary prevention of AIS in children. Cur-
rent treatment recommendations are based on small non-
randomized trials, adult stroke studies, case series, or
expert opinion.

Acute treatment
The acute management of children with AIS should
include aggressive treatment of infection, fever, blood pres-
sure, hypo- and hyperglycemia, and seizures to limit
ischemic damage. Hypothermia and a number of neuro-
protective agents have been studied in adults, but the util-
ity in children is unclear [43]. There are several reports of
children receiving thrombolytic agents for AIS [44–46],
but these drugs have not been evaluated in children.
Thrombolytic therapy is recommended for childhood AIS
in special situations, but should only be considered at
institutions able to support its complications [47]. Decom-
pressive hemicraniectomy for large unilateral stroke has
been used in adults and may be warranted in children [48].
Acute exchange transfusion should be considered in chil-
dren with sickle cell-related AIS.

Current treatment strategies at the Hospital for Sick
Children in Toronto, Canada are to treat with anticoagula-
tion (low molecular weight heparin or unfractionated hep-
arin) unless contraindicated (hemorrhage, hypertension,
or large infarct) for the first 7 days. Following this, the
majority of patients are switched to acetylsalicylic acid (3
to 5 mg/d) or in cases of cardiogenic embolism or dissec-
tion, to coumadin for several months and then to acetylsal-
icylic acid. The decision is individualized based on the
underlying etiology or the stroke (DeVeber, Personal com-
munication) [49].

Primary prevention
The Stroke Prevention in Sickle Cell Study Project (STOP)
[50] evaluated the efficacy of serial blood transfusions in
children at a high risk of stroke. The STOP trial was termi-
nated early due to positive results showing a 92% reduc-
tion in stroke in the treatment arm compared with
standard therapy [50]. Chronic transfusion therapy is indi-
cated in children with SCD and intracranial stenosis as
identified by TCD. Blood transfusions are performed every
3 to 4 weeks to maintain hemoglobin S levels below 30%.
Early surgical treatment has been shown to decrease the
risk of stroke among children with congenital heart dis-
ease. Whereas stroke was not a primary outcome in a recent
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study of children undergoing heart surgery with deep
hypothermic circulatory arrest, preoperative treatment
with allopurinol was shown to reduce seizures, coma, and
death [51].

Secondary prevention
There have been no secondary prevention trials for AIS in
children. Based on adult studies and the underlying
pathophysiology of the stroke, antiplatelet and anti-
thrombotic agents are sometimes prescribed in children
with AIS. Although there is limited evidence to support its
use in children, anticoagulation may be indicated in AIS
associated with extracranial arterial dissection, prothrom-

botic disorders, cardiac disease, severe intracranial steno-
sis, and recurrent stroke while on antiplatelet therapy.
Most experts support the use of anticoagulation for 3 to 6
months, with a follow-up evaluation at this time to deter-
mine the need for long-term anticoagulation or a switch
to antiplatelet therapy.

In children with moyamoya-related AIS, surgical ther-
apy may be beneficial, although there are no randomized
trials to support surgery [52]. Treatment with antiplatelet
agents should also be considered, as many children will
have an associated prothrombotic disorder. Chronic
exchange transfusion or hydroxyurea should be considered
in children with sickle cell-related AIS [53,54]. B-vitamin

Figure 1. Diagnostic evaluation of stroke in 
children. (CSF—cerebrospinal fluid; CT–com-
puted tomography; DWI—diffusion-weighted 
imaging; EEG—electroencephalogram; 
MRA—magnetic resonance angiography; 
MRI—magnetic resonance imaging; 
MRV—magnetic resonance venography; 
PT—prothrombin time; PTT—partial thrombo-
plastin time; TCD—transcranial Doppler; 
TEE—transesophageal echocardiography; 
TTE—transthoracic and transesophageal 
color-flow Doppler echocardiography.)
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and folate supplementation has been recommended for
children with the MTHFR mutation [55].

Outcome and recurrence
The outcome of children after stroke varies among studies
due to differences in the duration of follow-up, functional
measures, stroke type, and population studied. Combined
data from several selected studies of AIS in children over
the past 25 years (n=1197) revealed that on average, 35% of
children were neurologically normal, 55% developed cog-
nitive or motor problems, and 10% died by the outcome
evaluation period. In addition to motor and cognitive
problems, children with AIS are at risk for developing
chronic seizures and psychiatric disorders.

Factors associated with an abnormal outcome (cogni-
tive, motor, or death) in children with AIS include clini-
cal presentation, stroke subtype, underlying cause, and
size of infarct. Children that present with an altered level
of consciousness and/or seizures have a higher risk of
death and an abnormal outcome. Children with hemor-
rhagic stroke have a higher mortality rate as compared
with AIS and cerebral venous thrombosis. Children with
stroke of unknown etiology tend to have a better progno-
sis as compared with AIS due to other causes. Children
with complete MCA strokes and infarct volumes greater
than 10% of intracranial volume have a worse outcome
than those with lesions in other vascular territories and
smaller infarct volumes [56].

Up to one half of children with AIS will develop recur-
rent seizures, and almost two thirds will develop a psychiat-
ric disorder. A large series of children with AIS revealed that
29% developed recurrent seizures after stroke [57]. Recur-
rent seizures are more common among children with corti-
cally based strokes and those who present with seizures
more than 2 weeks after stroke. A cross-sectional study of 29
children with stroke (21 with AIS, eight with hemorrhagic
stroke) identified a psychiatric disorder in 59% of cases. The
most common psychiatric disorders included attention-defi-
cit hyperactivity disorder, personality change disorder, and
anxiety disorders. A family history of psychiatric disease and
neurologic severity were independent predictors of post-
stroke psychiatric disorders [58].

The case fatality rate for AIS is reported as high as 21%
[59]. The mortality rate due to stroke in children aged 1 to
15 years was 0.6 per 100,000 children in the United States
in 2001 [60]. The mortality rate in children due to AIS is
higher in male patients than female patients and in blacks
compared with whites [61].

The recurrence rate of stroke in children ranges from
6% to 30% [9,62,63], and most recurrences develop in the
first 6 months [12••]. A study of combined data from Ger-
many, Canada, and the United Kingdom of 565 patients
with AIS revealed a recurrence rate of 10% after several
years of follow-up [64]. The recurrence rate of AIS is high-
est among children with recurrent TIA, underlying vascular
disorders (stenosis, moyamoya, vasculitis, sickle cell dis-

ease, arterial dissection, and fibromuscular dysplasia), and
metabolic and coagulation abnormalities (MTHFR
homozygosity, elevated homocysteine, elevated anticardio-
lipin antibodies, elevated lipoprotein (a), and protein C
deficiency). The presence of multiple risk factors can
increase the risk of recurrence several-fold. Despite anti-
thrombotic therapy, 10% of children with AIS will develop
a recurrent stroke [65••].

Hemorrhagic Stroke
Epidemiology
Hemorrhagic stroke (HS) is defined as an acute focal neu-
rologic deficit lasting more than 24 hours with neuroimag-
ing evidence of intracranial hemorrhage not associated
with ischemic infarction. Traumatic intracranial hemor-
rhage and hemorrhagic conversion of ischemic stroke are
typically excluded from studies of HS in children. The epi-
demiology of HS in children is based primarily on small
case series and case reports. The incidence of HS in chil-
dren is estimated at 1.5 to 5.1 per 100,000 children per
year (Table 1). Several population-based studies of stroke
in children, based on less than 40 cases each, reported HS
to be more common than AIS in children. More recent esti-
mates from hospital discharges in California and the entire
United States revealed hospitalization rates of HS at 1.5 to
6.4 per 100,000 children, rates that are less than AIS.

Most studies of HS have shown a slight male predomi-
nance, with a median age at diagnosis around 7 to 8 years
of age. Similar to childhood AIS, HS is more common in
male children than female children, and more common in
blacks than whites [7•,8]. The clinical presentation of HS is
related to the location and size of hemorrhage. The most
common symptoms include headache,  vomiting,
decreased level of consciousness, focal neurologic deficits,
and seizures.

The majority of cases of HS in children are intraparen-
chymal, but the intraventricular, subdural, and subarach-
noid space may also be involved. Most HS in children are
supratentorial, and the basal ganglia are rarely involved.
Three large series of children with HS revealed that over
80% of the hemorrhages were in the cortical region and
less than 10% involved the basal ganglia [5,66,67].

Risk factors
Several risk factors for HS have been identified in chil-
dren, including vascular malformations, blood disorders,
and malignancy.

Vascular malformations, including arteriovenous mal-
formations (AVMs), aneurysms, and cavernous malforma-
tions, are the most common risk factor for HS in children.
Vascular malformations have been identified in 20% to
85% of children with HS in case series. AVMs account for
the majority of vascular malformations in children with
HS. The development of an AVM is due to failure in the for-
mation of the capillary bed between primitive arteries and
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veins in the brain. The incidence of AVM in children is esti-
mated at one to three per 100,000, and approximately 10%
to 20% of all AVMs will become symptomatic during this
period. The average probability of a first hemorrhage is 2%
to 4% per year, with a recurrence risk as high as 25% by 5
years of age [68].

Around 1% to 2% of aneurysms will become symp-
tomatic during childhood. Aneurysms in children are typi-
cally associated with other vascular lesions or chronic
disorders. Cavernous malformations can also lead to HS in
children, and one third are familial.

Blood disorders, including thrombocytopenia, leuke-
mia, SCD, and coagulopathies, have been identified in
10% to 30% of children with HS in reported series.
Acquired thrombocytopenia and coagulopathies were the
most common blood risk factors in a recent series of 68
children with HS [69].

Intracranial tumors have been identified in 2% to 25%
of children with HS in reported case series. HS is occasion-
ally the presenting feature of malignancy in children. The
intracranial neoplasms that most commonly present with
HS in children include medulloblastomas and primitive
neuroectodermal tumors [11].

Evaluation
The evaluation of HS in children should determine the
underlying etiology, as many of the causes are treatable.
The history should include questions regarding headache,
blood disorders, and drug ingestion. A careful family and
birth history should also be taken, with special attention to
neurologic disease, premature vascular disease, hemato-
logic disease, and a history of brain abscess and vascular
skin lesions.

Neuroimaging studies for HS include CT, MRI/MRA,
and conventional angiography. CT is the diagnostic test of
choice in the initial evaluation. Children with unexplained
hemorrhage should have a four-vessel angiogram. The
optimal time for angiography is unclear, and the test may
need to be repeated; some children may have a normal
angiogram in the acute period despite an underlying cause.

Treatment
The treatment for HS in children depends on the underly-
ing etiology and the condition of the child. The proper
characterization of the cause is essential to determine the
best therapy. Guidelines for the treatment of spontaneous
intracerebral hemorrhage in adults should be considered
in children [70]. In general, the acute management of chil-
dren with HS should include aggressive treatment of blood
pressure, infection, fever, seizures, and intracranial pres-
sure. There have been no randomized, clinical trials in chil-
dren to determine which treatments improve long-term
outcome. Although surgical removal of intracranial
hematoma is controversial in adults, surgical removal is
recommended in children with moderate or larger lobar

hemorrhages who are clinically worsening [70]. A recent
study of 34 children with HS revealed that 29% of children
received hematoma evacuation, 17% required a ventriculo-
peritoneal shunt, and 32% received no intervention [66].
Of the children that received hematoma evacuation
(n=10), four had a favorable outcome or mild deficits, and
the remaining developed severe deficits or died [66]. The
treatment for vascular malformations includes surgery,
endovascular embolization, and radiosurgery.

Outcome
The outcome of children after HS has varied among studies
due to differences in duration of follow-up, outcome mea-
sures, and population studied. Combined data from sev-
eral selected studies of HS in children over the past 25
years (n=418) revealed that 38% of children were neuro-
logically normal, 41% had cognitive or motor abnormali-
ties, and 20% died by the outcome evaluation period.

Cerebral Venous Thrombosis
Epidemiology
Cerebral venous thrombosis (CVT) is defined as an acute
onset of systemic or focal neurologic symptoms consis-
tent with cerebral venous thrombosis and neuroimaging
evidence of thrombosis within cerebral veins or venous
sinuses. CVT produces an obstruction of venous drainage
that can lead to increased venous pressure, increased
intracranial pressure, cerebral edema, hemorrhage, and
venous infarction [71]. The epidemiology of CVT has
been assessed with limited evidence from selected case
series and case reports. The incidence of CVT in children
is estimated at 0.4 to 0.6 per 100,000 children per year
and is highest in the 1st year of life [72••,73]. Data from
a large German series revealed that CVT is more common
among male patients and occurs at a median age of 6
years [73]. There are no data regarding ethnic differences
for CVT in children. The clinical presentation of CVT is
related to the course and location of thrombus forma-
tion, underlying anatomy of the sinuses, and age of the
patient [74]. The presentation in children is often subtle,
but the most common symptoms include headache,
decreased level of consciousness, seizures, and hemipare-
sis. The majority of thromboses are located within the lat-
eral and superior sagittal sinus, and up to half of cases
involve multiple sinuses [72••].

Risk factors
A number of risk factors are linked to the development of
CVT, including prothrombotic disorders, connective tissue
disorders, dehydration, head and neck infections, hemato-
logic disorders, procoagulant drugs, and cancer. In the two
largest studies of CVT in children, prothrombotic abnor-
malities were present in at least half of the cases and many
had multiple risk factors [62,73]. The combination of a
prothrombotic risk factor and an underlying clinical condi-
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tion known to predispose to thrombosis substantially
increases the risk of CVT in children [73].

Evaluation
The diagnosis of CVT is often challenging due to the vari-
ability of clinical and radiologic findings. Neuroimaging is
essential to detect the location, age, and extent of throm-
bus and underlying abnormalities, and to provide infor-
mation regarding treatment and prognosis  [75].
Diagnostic imaging procedures for CVT include MRI, MR
venography (MRV), digital subtraction angiography, CT,
and ultrasonography. Conventional T1 and T2 weighted
MRI with MRV is the current recommendation for the diag-
nosis of CVT in children. DWI and T2*/susceptibility-
weighted imaging sequences have been useful in the detec-
tion of CVT in adults but have not been used extensively in
childhood CVT [75,76]. If MRI is unavailable or not possi-
ble for a sick child, multislice CT with CT venography
should be considered and is comparable with gadolinium
enhanced MRV. Ultrasonography is typically employed in
neonates and is most useful for detecting decreased or
absent flow in the superior sagittal sinus [71].

Treatment
There are no established guidelines for the treatment of
CVT in children. Infection, fever, dehydration, and sei-
zures, along with other underlying risk factors, should be
treated aggressively. Anticoagulation is recommended for
CVT in adults and may be indicated for use in children
[77]. In two recent series, the majority of children with
CVT were treated with anticoagulant regimens of varying
duration, and none developed bleeding complications
[62]. Thrombolytic therapy has been recommended for
children with CVT who progressively worsen despite ade-
quate anticoagulation [71]. However, at present, there is
insufficient evidence to recommend thrombolytic therapy
as first-line treatment in adults or children [78].

Outcome
The outcome of children after CVT has varied among case
series due to differences in treatment, outcome measures,
and duration of follow-up.

Neuroimaging studies have found that over time there
is a complete resolution of the affected vessel in 40% to
60% of cases, whereas 30% to 40% will have partial resolu-
tion, and 13% to 16% will have no improvement. Data
from the CPISR, which included 82 non-neonates with
CVT, revealed that 51% were normal, 39% had neurologic
deficits, 10% died, and 17% suffered a recurrence of CVT
by the outcome evaluation period.

Conclusions
Cerebrovascular disorders are an important cause of mor-
tality and chronic morbidity in children, and are an emerg-

ing area for clinical research. The clinical presentation of
stroke varies according to age and location, and may be
subtle. Ischemic stroke is probably more common than
hemorrhagic stroke in children, but this has not been con-
firmed in all studies. Several risk factors for stroke in chil-
dren have been reported, but frequently no cause is
identified. Recent improvements in neuroimaging have
contributed to a better understanding of the underlying
mechanisms of stroke in children, but much work remains.
Over half of children with stroke will develop lifelong cog-
nitive or motor disability and up to one third will have a
recurrent stroke. International collaborations are currently
underway to provide more information on risk factors and
outcome, to develop a consensus on evaluation, and to
establish a network for future prevention and treatment
studies.
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