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Abstract
Stroke is an important cause of neurologic morbidity in childhood. Population-based estimates of
the annual incidence of childhood stroke range from 2 to 13 per 100,000 children. This article will
review recent literature on both hemorrhagic and ischemic stroke in children with a focus on
cerebral arteriopathy and vascular malformations as stroke risk factors. Additional risk factors
include congenital heart disease, sickle cell disease, and hematologic abnormalities among others.
Outcomes are variable and are related to the severity of presentation, associated illnesses, and
other factors. More than half of children who have had a stroke have long-term neurological
sequelae. Five-year recurrence risk is estimated to be 5–19%. Children with cerebrovascular
abnormalities are at the highest risk of recurrence (66% at 5 years for ischemic stroke in one
study). Furthermore, cerebral arteriopathy including arterial dissection may account for up to 80%
of childhood stroke in otherwise healthy children. In many cases, evaluation and treatment of
pediatric stroke is not evidence-based, and regional and geographic variations in practice patterns
exist. Multicenter cohort studies and ultimately dedicated pediatric clinical trials will be essential
to establish comprehensive evidence-based guidelines for pediatric stroke care.

Keywords
stroke; child; pediatric stroke; arteriopathy; vascular malformation; review

Stroke in children is at least as frequent as brain tumors [1] and is among the top ten causes
of death in childhood [2]. Nevertheless, physicians and families often ask with amazement,
“Children have strokes? Why?” Traditional adult stroke risk factors such as hypertension,
diabetes, smoking, and hypercholesterolemia are uncommon in children. Instead, pediatric
stroke risk factors include arteriopathy and vascular malformations, congenital heart disease,
sickle cell disease, and hematologic abnormalities among others. The importance of vascular
abnormalities as a cause of both ischemic and hemorrhagic stroke has become apparent in
several recent studies. This paper will focus on “abnormal vasculature” in pediatric stroke.
Recently cerebral arteriopathy has been recognized both as a major risk factor for arterial
ischemic stroke in children [3,4] and as a predictor of poor short-term outcome [5]. Vascular
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abnormalities (arteriovenous malformations (AVM), cavernous malformations, and
aneurysms) are the major cause of hemorrhagic stroke in children [6–10]. Furthermore,
vascular anomalies are sometimes discovered secondary to symptoms such as headache or
seizure before a stroke has occurred. Pediatric neurologists and neurosurgeons must then
determine the risks and benefits of various management strategies for these patients to
balance the risk of future strokes with potential sequelae from the treatments themselves.

Epidemiology of Stroke in Children
The incidence of all stroke in children is reported as 2 to13 per 100,000 person-years in
developed countries [8,11–13]. Ischemic stroke typically refers to arterial ischemic stroke
(AIS) and cerebral sinovenous thrombosis (CSVT) resulting in venous infarction. CSVT
will not be discussed in detail. Hemorrhagic stroke (HS) typically includes spontaneous
intracerebral (parenchymal and intraventricular) hemorrhage (ICH) and non-traumatic
subarachnoid hemorrhage (SAH) [14,15]. A study of a California-wide hospital pediatric
discharge database found an incidence rate of 1.1 per 100,000 person-years for hemorrhagic
stroke and 1.2 per 100,000 person-years for ischemic stroke [13]. Thus, nearly half of
pediatric strokes are hemorrhagic.

Risk Factors for and Etiology of Stroke in Children
Arterial Ischemic Stroke

Numerous conditions have been associated with AIS in children. The most common
etiologies in developed countries include cerebral arteriopathies, congenital or acquired
cardiac disease, and serious systemic infection (meningitis, sepsis) [16]. Other stroke risks
include hematologic disorders such as thrombophilias [17,18]and sickle cell disease. Sickle
cell disease is likely the most common risk factor for pediatric stroke world-wide since 10%
of these patients have a clinically evident stroke [19] and at least another 20% have a “silent
stroke” by age 20 [20,21].

Our discussion of AIS etiology will focus on arteriopathy, including both intrinsic and
acquired vascular disease. The frequency of cerebral arteriopathy in published reports varies
from 53%–86% [3,22], and the term cerebral arteriopathy has been used broadly to
encompass the following abnormalities on vascular imaging: cervicocephalic arterial
dissection, moyamoya, vasculitis, sickle cell disease arteriopathy, post varicella angiopathy,
and idiopathic focal cerebral arteriopathy[3]. Additionally, several genetic syndromes have
been associated with cervical and cerebral arteriopathy: neurofibromatosis type 1[23],
Alagille syndrome [24,25], Williams Syndrome [26], PHACES syndrome, and trisomy 21
[27,28]. The distinction among various arteriopathies is not always apparent, and there is
overlap in literature describing these vascular abnormalities [29]. Several major categories
of arteriopathy are discussed below.

Focal Cerebral Arteriopathy of Childhood—The term “focal cerebral arteriopathy of
childhood” (FCA) describes children with idiopathic focal intracranial arterial stenosis
(Figure 1) [3]. An analysis of 525 cases of childhood AIS in the International Pediatric
Stroke Study (IPSS) found that FCA caused 25% of arteriopathy and was the most common
cause of arteriopathy. In this study, the major predictor of FCA was recent upper respiratory
infection, OR 2.36, (95% CI, 1.05–5.27). FCA is recent nomenclature that likely
encompasses the previously identified entities of transient cerebral arteriopathy of childhood
(TCA) and non-progressive central nervous system vasculitis. TCA is a monophasic and
transient cerebral arteriopathy; [30] however, a diagnosis of TCA requires that follow-up
imaging at 6 months post-stroke shows neither additional stenoses nor progression of the
original stenosis. Sebire et al postulated that TCA cases were most likely precipitated by a
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preceding viral infection [30], which is further supported by the observation in the IPSS
study [3].

Post varicella angiopathy—Focal cerebral artery stenosis with a history of varicella
infection in the preceding year has been termed post varicella angiopathy [30,31]. The
pathophysiology is incompletely understood but is thought to be due to invasion of the
artery wall by the virus [30,32].

Vasculitis—Central nervous system (CNS) vasculitis is termed primary when no other
condition is present that causes blood vessel inflammation. It is termed secondary when
vasculitis results from another process like intracranial infection, systemic vasculitis,
collagen vascular disease, malignancy, or exposure to drugs or to certain medications.
Furthermore, central nervous system vasculitis can be classified by size of the affected
vessels: large, medium, or small vessel. Central nervous system vasculitis can cause
ischemic or hemorrhagic stroke, and its diagnosis is often difficult, particularly when small
vessels are involved [33]. CNS vasculitis should be considered in children who have one or
more of the following: a protracted clinical presentation, a known risk factor for vasculitis
(e.g. lupus), multifocal deficits and lesions, diffuse neurological deficits, or systemic
symptoms like fever and weight loss [29]. Strokes that result from vasculitis may also occur
abruptly. On neuroimaging, both white and gray matter can be affected [29]. In children
with large and medium vessel disease, abnormalities on vascular imaging include multiple
stenoses, but in a subset of children with small vessel disease, vascular imaging is normal. In
these cases, a leptomeningeal and brain biopsy, preferably from a lesional site, may be
required to confirm the diagnosis of angiography-negative primary CNS vasculitis [34]. In
biopsy-proven cases of primary vasculitis, a lymphocytic transmural infiltrate of T cells plus
other inflammatory cells has been reported [34]. Supportive laboratory evidence of
vasculitis includes elevated sedimentation rate or C-reactive protein, hematological
abnormalities, elevated anticardiolipin IgG, and elevated protein or mild pleocytosis on
spinal fluid analysis [29,34]. However, none of these laboratory studies is diagnostic and all
can be normal. The course of CNS vasculitis and its treatment largely depend upon the
underlying process. For example, children with underlying autoimmune disease like lupus
may require systemic immunosuppression. Those with vasculitis secondary to infections
may require specific antibacterial or antiviral agents [33]. The largest report of children with
primary CNS vasculitis classified vasculitis into three groups: a progressive form in which
further stroke episodes occurred; a non-progressive, monophasic form in which a large
vessel stenosis occurs; and a small vessel form in which vascular imaging is negative
[29,34]. Patients who presented with neurocognitive changes, multifocal strokes, and
bilateral or distal stenoses on vascular imaging were most likely to have the progressive
form. Since most patients in whom vascular imaging is consistent with vasculitis do not
undergo biopsy, it is difficult to distinguish cases of true focal vasculitis from those with
focal vasculopathy. Hence the non-progressive form of primary vasculitis discussed by
Benseler et al [29] may overlap with the focal cerebral arteriopathy of childhood.

Sickle cell arteriopathy—Children with sickle cell anemia have an approximately 100-
fold increased risk of stroke compared to the general pediatric population [35]. While some
children with sickle cell disease (SCD) have primary intracerebral hemorrhage, ischemic
stroke is more common [19,36]. Strokes in children with SCD can be “clinically silent”
when no acute deficit accompanies the infarction. These “silent infarctions” are usually
located in the deep white matter and may result from occlusion of small arteries [36].
Although “silent infarctions” are not evident when they occur, accumulation of injury results
in neurocognitive dysfunction. Clinically evident infarctions, which often present with
hemiparesis, also affect pediatric patients with SCD. Patients with symptomatic strokes
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often have a large vessel arteriopathy that affects the internal carotid system (Figure 2). This
arteriopathy may progress to occlusive disease of the internal carotid arteries with resulting
collateral formation, a pattern consistent with moyamoya syndrome [37]. Strokes due to
large artery arteriopathy can be occlusive or can occur in the anterior watershed zones
[33,36], an observation consistent with large vessel disease. The pathophysiology of sickle
cell arteriopathy is not completely understood, but several neuropathological studies have
helped to elucidate some mechanisms of arterial injury. In one study of patients with SCD
and stroke, thrombi were present in affected large arteries. There was also hyperplasia of the
internal elastic membrane and scarring of the media [38]. The current recommendations for
large vessel arteriopathy associated with SCD reserve revascularization procedures for
children who have continued strokes despite maximal medical therapy, including long-term
transfusion therapy and when transfusions cannot be continued, hydroxyurea [33]. Although
large vessel arteriopathy associated with SCD has a propensity for the anterior circulation,
aneurysms can also form, more commonly in the vertebrobasilar system [39].

Moyamoya disease and syndrome—The term “moyamoya” describes progressive
occlusive disease of the distal internal carotid arteries. The posterior circulation can also be
affected [33]. Moyamoya disease is the terminology used when the arteriopathy is
idiopathic; moyamoya syndrome is used when the arteriopathy is secondary to an associated
condition like cranial radiation or genetic syndromes such as neurofibromatosis type 1,
trisomy 21, or Alagille syndrome [24,40]. In a recent study of childhood arteriopathy,
moyamoya was the second most common arteriopathy [3]. Although stroke from moyamoya
more commonly presents with ischemic stroke in children, hemorrhagic stroke also occurs
[33].

Cervicocephalic Arterial Dissection—Arterial dissection accounts for 7.5% to 20% of
childhood arterial ischemic strokes (Figure 3) [41,42]. In a recent report published by the
IPSS, 20% of AIS caused by arteriopathy was classified as arterial dissection [3]. In
children, anterior circulation is involved more frequently than posterior circulation [41,43].
In a systematic review of published studies and case reports, 118 pediatric patients with
stroke caused by dissection were identified, and there was a significant male predominance
for both anterior and posterior circulation dissection [43]. In this report, 60% of anterior
circulation dissections were intracranial, particularly if the dissection was non-traumatic.
Ten percent of children with dissection had recurrent dissection. Furthermore, about 14%
had multiple ischemic events prior to definitive diagnosis of dissection, and 9% had
recurrent ischemic events after the diagnosis. In another series of 16 consecutive patients,
12.5% had stroke recurrence [41].

Hemorrhagic Stroke
In a retrospective cohort study of 2.3 million children followed for more than a decade, there
were 116 incident cases of non-traumatic childhood hemorrhagic stroke (HS), yielding an
average annual incidence rate of 1.4 per 100,000 person-years (95% binomial exact
confidence interval (CI), 1.2 – 1.7)[44]. Among these 116 cases of incident childhood HS,
35 (31%) had brain arteriovenous malformations (AVM), 15 (13%) had underlying cerebral
aneurysms, 17 (15%) had cavernous malformations, 16 (14%) had medical etiologies, 3
(2.5%) had brain tumors, and 29 (25%) had HS of undetermined cause [9]. In this cohort,
69% had “vascular” causes for hemorrhagic stroke. In a recent, small prospective cohort
(n=22) which excluded children with brain tumor, 91% had a vascular cause of hemorrhagic
stroke [10].
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Evaluation of Stroke
The American Heart Association (AHA) released consensus-based guidelines for the
evaluation and management of stroke in infants and children in July 2008 [33]. There are
also existing guidelines from the United Kingdom [45] as well as updated guidelines from
the American College of Chest Physicians [46]. Only the AHA guidelines specifically
address hemorrhagic stroke.

Evaluation of Ischemic Stroke
Thorough evaluation is crucial for each child with arterial ischemic stroke since multiple
risk factors are common. For example, children in whom cardiac disease was a major stroke
risk factor were found to have increased risk of prothrombotic conditions when compared to
age-matched healthy controls [17]. Furthermore, cerebrovascular abnormalities may coexist
with structural congenital heart disease. In the IPSS study, one third (45 of 135) of children
with a prior history of cardiac disease were found to have an associated arteriopathy,
suggesting that vascular imaging is still indicated in these children [3]. Many centers
evaluate patients with ischemic stroke with vascular imaging of the head and neck,
echocardiogram, and thrombophilia studies (Table), regardless of prior known risk factors.

Evaluation of Hemorrhagic Stroke
An appropriate diagnostic evaluation in children with hemorrhagic stroke has not been
established. Thorough evaluation for vascular anomalies which account for 40–90% of
hemorrhagic stroke in children is critical [6,10,47]. Coagulation studies and other basic
laboratory tests are recommended in the AHA guidelines for management of intracerebral
hemorrhage [48]. No studies have been done to examine the yield of an extensive evaluation
for a bleeding diathesis in children with HS. Therefore, the AHA guidelines for the
evaluation and management of stroke in infants and children simply note that an evaluation
for hematologic disorders, coagulation defects and other risk factors may be appropriate
[33].

If a hemorrhagic stroke is suspected, computed tomography (CT) is still considered the
initial imaging study of choice by most authors because it is rapid, widely available, and
clearly identifies acute hemorrhage [48]. Magnetic resonance imaging (MRI) sequences like
susceptibility-weighted images clearly identify hemorrhage, but they are not universally
available and require some experience and training to correctly identify the hemorrhage
[49]. Given the high rate of vascular malformations, dedicated cerebrovascular imaging is
critical. A recent study found that a combination of MRI, MRA, and MRV images
accurately identified the cause of ICH in 25 of 38 children (66%) [50]. There were 2 false
negative MRIs: one patient had a mycotic aneurysm, the other had a peripherally located
AVM evident on conventional cerebral angiography (CCA). In the same study, CCA alone
had a diagnostic yield of 61% that was statistically equivalent to the yield to the combination
of MRI, MRA, and MRV [50]. However, in another series of children with non-traumatic
ICH, the cause of bleeding was established in 97% of children who underwent CCA
compared with 80% of children who did not have angiography [47]. CCA can be relatively
safe, although fewer than 50% of children with ICH undergo CCA [7,47]. In a series of 241
pediatric cerebral angiograms, the rate of major complications was only 0.5% [51]. In one
study of 116 children with hemorrhagic stroke between 1993 and 2003 in a large California
health maintenance organization, only 65% had vascular imaging [9]. A recent study
documented vascular imaging in nearly 100% of non-neonates with hemorrhagic stroke [10]
perhaps leading to a higher percentage of confirmed etiology for hemorrhage. When no
cause for HS is found via non-invasive vascular imaging, CCA should be strongly
considered [9,33].
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Sometimes vascular malformations are not evident, even for months after the acute
hemorrhage. Therefore, when vascular imaging is normal or inconclusive in the acute
setting, studies should be repeated once the clot has been reabsorbed. The timing and
frequency of additional studies has not been studied and is center-dependent.

Treatment of Stroke in Children
Supportive Care

Maintaining normal body temperature with acetaminophen, cooling blankets, and fluids to
maintain euvolemia is recommended [48]. Temperature elevation >37.5 °C, has been shown
to increase the likelihood of poor outcome in adults with ICH [52]. When there is
intraventricular hemorrhage, careful monitoring for and treatment of hydrocephalus is
essential. Monitoring for signs of increased intracranial pressure due to AIS or HS is also
important. Osmotherapy is recommended for elevated intracranial pressure. Corticosteroids
are not recommended for cerebral edema due to ischemic or hemorrhagic stroke because
randomized trials in adults have failed to show efficacy [53,54]. Additionally,
hyperglycemia which may result from corticosteroid use has been shown to be detrimental
[55,56].

Antithrombotic Therapy
Antithrombotic therapy includes both antiplatelet (typically aspirin) and anticoagulant
(unfractionated heparin, low molecular weight heparin, and warfarin) medications. Neonates
with arterial ischemic stroke are rarely treated; the Chest guidelines specifically recommend
against treatment of neonates with first AIS without evidence of an ongoing cardioembolic
source [46]. In non-neonates, antithrombotic therapy is usually recommended for secondary
stroke prevention, except in SCD where transfusions are recommended to lower the
percentage of sickle hemoglobin to <30% [33]. Treatment recommendations are provided by
the AHA by stroke subtype, specifically noting that anticoagulation with low molecular
weight heparin or warfarin should be considered for cervical artery dissection for a period of
3–6 months and for cardioembolic stroke [33]. Anticoagulation is not typically
recommended in children with moyamoya disease or syndrome. For non-SCD-related
childhood stroke, the Chest guidelines recommend initial anticoagulation or aspirin therapy
at 1–5mg/kg/day until arterial dissection or cardioembolic causes have been excluded,
followed by long-term aspirin therapy for a minimum of 2 years [46]. The choice of
anticoagulation or antiplatelet therapy for children differs geographically, with centers in the
United States using anticoagulation less often than centers in Canada, Europe, and Australia
[5].

Thrombolytic therapy in children
Current standard of care for adult stroke involves using intravenous (IV) tissue plasminogen
activator (tPA) for patients 18 years and older who meet strict inclusion criteria [57]. The
role of thrombolysis for children under age 18 years is much more controversial. Time to
presentation is a major limiting factor since IV thrombolysis typically must be started within
3 hours of symptom onset [57]. A recent scientific advisory (not a guideline) from the AHA
suggested that the window of opportunity for tPA may be extended from 3 to 4.5 hours in
non-diabetic, adult ischemic stroke patients [58]. The average child with a stroke presents
for medical care more than 24 hours after symptom onset [59], and even with rapid
presentation for care, limited awareness of pediatric stroke among healthcare providers may
further delay neuroimaging [60]. Evidence for the safety and efficacy of thrombolysis for
children with stroke is extremely limited, and existing studies of thrombolysis for systemic
clots suggest a high risk of hemorrhagic complications [61]. A number of case reports
document the use of tPA in children [62,63], and a study of the National Inpatient Sample, a
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nationwide database, found that 46 children admitted for ischemic stroke between 2000 and
2003 received thrombolytic therapy[64]. Members of the International Pediatric Stroke
Study compared case reports of tPA use in children with cases reported as part of the IPSS
registry. They found that a publication bias exists and that children receiving tPA in their
series were younger, had a longer time to treatment, and had worse outcomes than cases
reported from other sources [65]. Despite anecdotal use of IV or intra-arterial tPA, the
current AHA guidelines suggest that its use in children be limited to the confines of a
clinical trial [33].

Surgical therapy for stroke
Craniectomy—Timely decompressive craniectomy may be both life-saving and function-
sparing in children with large arterial ischemic stroke or intracerebral hemorrhage who
display rapid deterioration in level of consciousness or progress to signs and symptoms of
impending herniation [66–68].

Surgical evacuation of parenchymal hemorrhage—The Surgical Trial in
Intracerebral Hemorrhage (STICH) demonstrated that in adult patients with spontaneous
supratentorial ICH, emergent surgical evacuation of hematoma within 72 hours of bleeding
onset did not improve outcome beyond best medical management [69]. The application of
this trial to children is confounded because clinical equipoise was required for enrollment in
STICH, so patients whom the local investigator felt would benefit most from surgery were
not enrolled in the trial. Young patients with lobar hemorrhages with clinical deterioration
due to mass effect have been reported to show benefit from early surgery in a small
retrospective series [70], therefore such patients were unlikely to have been enrolled in the
STICH trial. Children may require more urgent intervention to reduce intracranial pressure
and thereby prevent brain herniation because they do not have cerebral atrophy that permits
expansion of the hematoma. Further, in adult series, patients with cerebellar hemorrhage >3
cm in diameter benefit from early evacuation of the hematoma because the location of the
hemorrhage often leads to tonsillar herniation, hydrocephalus, or brainstem compression
[71,72]. Cerebellar hemorrhage in children may also require urgent evacuation. In a recent
small series, 3 of 22 children with ICH had decompressive craniectomy, and all were
functionally independent [10], but decompressive craniectomy has not been studied in a
randomized setting.

Treatment of Vascular Malformations—Treatments for vascular malformations
include surgery, endovascular procedures, gamma knife radiosurgery, and proton beam
therapy. The appropriate treatment for each patient is determined by the location and
vascular anatomy of the lesion. A team of neurovascular specialists including neurology,
neurosurgery, neuroradiology, interventional radiology, and radiation oncology is often
needed to provide optimal care.

Outcome after Pediatric Stroke
Arterial Ischemic Stroke Outcome

Population-based and hospital-based series have reported a case fatality rate for ischemic
stroke of 16–20%; however, these estimates are based on data from 1970–2003 [13,73].
Mortality from childhood stroke is decreasing over time [74]. Neurological sequelae
including motor and cognitive deficits are present in more than half of children after AIS
[75,76]. Young age, male sex, and bihemispheric infarction predict poor outcome [77].

Only 3 pediatric stroke studies have used survival analysis to calculate recurrence risk. In a
retrospective cohort of 181 neonates and children with AIS from Kaiser Permanente in
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California, the 5-year cumulative recurrence risk for neonatal AIS was 1.2% while the risk
in older children was 19% (95% CI, 12–30%) [16]. Similarly, a UK single-center study
reported an 18% 5-year recurrence risk for childhood AIS, (95% CI, 11–25%)[78]. A
German study reported only 5%, CI not provided [79].

Hemorrhagic Stroke Outcome
One study pooled data from non-population-based studies and reported an average mortality
of 25% in children with HS [15], but individual study estimates range from 7% [80] to 54%
[81]. A more modern and population-based study found a case fatality rate for HS of 5.2%
[44].

Only one population-based study exists that has looked at recurrence risk after pediatric HS.
In this California study, the 5-year cumulative recurrence rate was 10% (95% CI, 5–18%)
[44]. Interestingly, no children with idiopathic HS had a recurrent stroke, while 13% of
children with structural lesions and medical etiologies recurred over 5 years. All of the
recurrences in children with medical etiologies of HS occurred within a week of the original
diagnosis.

Several studies in children specifically addressed features that predict poor neurologic
outcome after HS. Meyer-Heim et al [6] found that infratentorial location, Glasgow Coma
Score (GCS) ≤ 7 at admission, aneurysm, age <3 years at the time of HS, and underlying
hematological disorder all predicted more severe outcome. A recent retrospective study
showed that ICH volume predicts poor outcome in children [82]. This finding was
confirmed in a prospective series, and altered mental status within 6 hours of hospital
presentation was an added risk factor for poor short-term neurological outcome [10]. This is
not surprising; in the adult literature, volume of ICH and GCS <9 at the time of presentation
are strong predictors of 30-day mortality [83].

Little information exists on cognitive outcomes after HS in children. One retrospective
cohort study of 56 Dutch children <16 years of age at onset of HS who received care at a
single medical center between 1978 and 1998 [14] had long-term follow up (mean 10.3
years) on all 36 surviving patients;10-year survival after HS was 64%. Mean Full Scale
Intelligence Quotient (IQ) of the 31 subjects who reported for cognitive testing was not
below average (IQ 106, SD 20, n=28) or left-shifted, but the standard deviation was large,
indicating a range of IQs. Furthermore, 15 of 31 patients (48%) had signs of cognitive
deficits when their performance was compared to their pre-morbid academic abilities or to
those of their parents. Moderate to severe cognitive deficits were present in 7 patients
(23%).

Summary
Pediatric stroke is a heterogenous disorder. Arteriopathies and vascular malformations are
amongst the most common causes of arterial ischemic stroke and hemorrhagic stroke in
children. Furthermore, cerebral arteriopathy is a predictor of poor short-term outcome after
AIS, and vascular cause of hemorrhage is a predictor of recurrence after HS, if untreated.
Additional studies are needed to evaluate treatments for stroke in children. This will require
multicenter and multispecialty collaboration. These studies are important as long-term
neurological deficits are present in at least 50% of pediatric stroke survivors.
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Fig 1. Focal Cerebral Arteriopathy
8-year-old patient with MRI demonstrating acute stroke in the left basal ganglia that is
bright on diffusion-weighted imaging (DWI) (Figure 1a) and dark on the apparent diffusion
coefficient (ADC) map (Figure 1b). Magnetic resonance angiogram (MRA) of the circle of
Willis shows a focal stenosis of the left middle cerebral artery (MCA) M1 segment (arrow)
(Figure 1c). This appears worse 3 weeks later (Figure 1d) and better 1 year after stroke,
though continued mild narrowing of the left MCA M1 segment is present (Figure 1e)
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Fig 2. Vasculopathy in Sickle Cell Disease
14-year-old child with acute stroke in bilateral middle cerebral artery (MCA) watershed
regions. Stroke is bright on DWI (top panel) and dark on ADC (center panel). MRA (bottom
panel) shows severe cerebral vasculopathy with occlusion of the right MCA (arrow) and
absence of the anterior cerebral arteries bilaterally. The majority of the intracranial blood
flow is provided by the posterior cerebral arteries and the posterior division of the left MCA
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Fig 3. Vertebral Artery Dissection
7-year-old boy with stroke in the right superior cerebellar artery territory on MRI (Figure
3a). Axial view with small right vertebral artery (Figure 3b). Cerebral angiogram (lateral
view) with tapering of right vertebral artery and filling defect (Figure 3c)
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Table

Thrombophilia Evaluation for Pediatric Arterial Ischemic Stroke

Tests*

Complete blood count

Prothrombin time (or international normalized ratio)

Activated partial thromboplastin time (APTT)

Prothrombin gene mutation 20210A

Activated protein C resistance

Factor V Leiden G1691A gene testing

Antiphospholipid antibody testing including:

    Dilute Russell’s viper venom time

    Beta 2 glycoprotein IgG and IgM

    Anticardiolipin antibodies IgG and IgM

Lipoprotein (a)

Protein C activity

Protein S activity

Antithrombin III activity

Fasting homocysteine

Sickle cell screen or hemoglobin electrophoresis†

*
There is not good evidence for this evaluation. This list is a compilation of tests sent at our institutions and supported by literature and expert

opinion. [17,18,33,84,85].

†
If not sent as part of the newborn screen.
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