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Abstract

Hemorrhagic stroke accounts for approximately half of stroke in childhood. Unlike arterial ischemic
stroke, there are no consensus guidelines to assist in the evaluation and treatment of these children.
We review the literature on the evaluation, treatment, etiology and neurologic outcome of
hemorrhagic stroke in children. Important differences between pediatric and adult hemorrhage are
highlighted, as treatment guidelines for adults may not be applicable in all cases. Needed future
research and potential therapies are also discussed.

Introduction

With an incidence of 2-3/100,000 children, stroke is among the top ten causes of death in
childhood [1,2], and is as common as brain tumor in children [3]. A study of a California-wide
hospital 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 [4]. Thus, nearly half
of pediatric strokes are hemorrhagic. Typically, the term “hemorrhagic stroke” (HS) includes
spontaneous intraparenchymal hemorrhage (IPH) and non-traumatic subarachnoid
hemorrhage (SAH) (Figure 1). Patients with traumatic IPH, primary subdural or epidural
hematomas, or hemorrhagic transformation of ischemic stroke are usually not considered to
have a hemorrhagic stroke [5,6]. For the purposes of this article, we will focus on IPH, the
most common type of HS. Non-traumatic SAH is most often due to intracranial aneurysm and
is evaluated and treated differently, though like IPH, recommendations for childhood SAH are
based on the adult literature. Two recent pediatric intracranial aneurysm case series and reviews
of the literature are available [7,8].

Pooled data from retrospective cohort studies and case series suggest that overall mortality
from HS is approximately 25% in children; significant disability is present in 42% of those
who survive [6]. Despite the public health impact of childhood HS, there are no management
or treatment guidelines [4,6,9]. In contrast, two consensus papers provide guidelines for the
evaluation and treatment of arterial ischemic stroke in childhood, although clinical trials are
still lacking [10,11]. Only one prospective cohort study of children with stroke included HS
[12]. Additional literature consists primarily of case series and retrospective cohorts (Table 1);
hence, there are limited data on risk factors, time to presentation, clinical-radiologic correlation,
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Methods

Results

Risk factors

outcome and recurrence. There are no proven or widely accepted strategies for acute
management or diagnostic evaluation of IPH in childhood, and limited data exist on the risks
versus benefits of existing treatment approaches. Current practices are based on experience
and extrapolation from the few adult IPH clinical trials. However, because IPH in adults is
most commonly due to hypertension or amyloid angiopathy [13], the application of adult data
in children is highly questionable. Unfortunately, clinicians treating children with IPH must
extrapolate from the adult literature for diagnostic and treatment strategies [14].

A search of Medline and Embase (from 1966 to June 2006) was conducted with the following
MESH search terms: “Cerebral hemorrhage AND child AND cerebrovascular accident.”
Additional non-mesh searches were conducted using search terms “hemorrhagic stroke,
intracerebral hemorrhage, intraparenchymal hemorrhage, children, spontaneous.” Searches
were limited to humans. Additional articles were identified by reference review. Titles that
suggested a paper about HS or IPH in children were pulled for abstract review. Inclusion and
exclusion criteria were applied to abstracts. Inclusion criteria: studies published in English that
included children with HS who were < age 20 at stroke onset and provided information on
stroke etiology and outcome. Exclusion criteria: case series including less than 5 patients,
articles that included children with primary subdural or epidural hemorrhages, articles where
outcomes could not be determined for patients with HS. If uncertainty existed regarding these
criteria, the paper was pulled for full-text review. Data from studies meeting these criteria were
compiled in Tables 1 and 2.

The prospective stroke registry in Dijon, France is the only prospective cohort study that met
criteria [12]. No treatment trials were found. All remaining studies were retrospective cohorts,
case control studies, and case series.

for HS in childhood

Retrospective case series suggest that IPH in childhood is most often due to arteriovenous
malformation, hematologic abnormality, or brain tumor (Table 2) [15-17]. Other etiologies
include cavernous hemangioma [18], vasculopathy, vasculitis, cerebral and systemic
infections, and rarely, illicit drug use.

Avrteriovenous malformations (AVM) account for 14% [19] to 46% [12] of HS in children and
nearly 50% of IPH [16]. Cavernous malformations are infrequently mentioned as an etiology
for HS in childhood, probably because they are generally detected on MRI. Many studies listed
in table 2 were completed before MRI was introduced in 1982 [20]. However, those that do
report cavernous malformations indicate that these malformations may account for 20-25% of
pediatric IPH [9,12,21].

Hematologic abnormalities are reported to be the major risk factor in 10 to 30% of HS in most
series [5,12,15,22]. Hematologic causes of IPH include thrombocytopenia and hemophilia, and
coagulopathies. Coagulopathies may be related to liver failure, disseminated intravascular
coagulation, or rarely may be iatrogenic; e.g. anticoagulation with heparin for cardiac surgery
or extracorporeal membrane oxygenation (ECMO) [23]. Nevertheless, not all children with
IPH have coagulation testing as part of their diagnostic evaluation. For example, four of 15
(27%) children with sickle cell disease and IPH did not have routine coagulation studies such
as a prothrombin time or partial thromboplastin time performed [24].
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There are few data regarding the incidence of IPH in children with cancer. One case series
indicated that brain tumors may account for as many as 13% of IPH in children [15]. The largest
case series of children with both malignancy and brain hemorrhage (n=51) included epidural
and subdural hemorrhages as well as SAH and IPH e.g. intracranial rather than just
intraparenchymal hemorrhage [25]. In this series from a tertiary children’s cancer center, only
3% of 1036 children with brain tumor developed intracranial hemorrhage (ICH), and only 1%
of 1597 children with acute leukemia developed ICH [25]. In 10 children who suffered
hemorrhage directly into a primary or metastatic brain tumor, mortality related to the
hemorrhage was 50%.

Special populations

Brain hemorrhage is estimated to occur in 0.1 to 1.0% of children with idiopathic
thrombocytopenia purpura (ITP) [26]. A review of the medical literature from 1954 to 1998
revealed 75 published cases of ICH in children with ITP [27]. In two children (3%), ICH was
the presenting feature of ITP. A total of seven children (10%) had ICH within 3 days of
diagnosis, and 72% had ICH within 6 months of diagnosis. Platelet counts were reported in 49
of 72 children. Platelet count was less than 10,000/ul in 71% of these children, 10,000 to 20,000/
ul in 27% and more than 20,000/l in only one patient (2%). Status of treatment for ITP was
reported for 44 patients. Treatment with steroids, intravenous immunoglobulin (IVIG),
splenectomy or some combination of these had been initiated in 70% of these patients prior to
ICH. Mortality for children with ITP and ICH was 55%.

Hemophilia also carries an increased risk of ICH. The prevalence of intracranial (epidural,
subdural, and parenchymal) hemorrhage in hemophiliac children has been reported to be
between 2.9% and 12% [28-30]. ICH is most common in young boys, with a median age at
onset of 5.9 months to 2 years [28,29]. Trauma is the most important risk factor for ICH in
children with hemophilia [28]; other risk factors include factor V11 or IX inhibitors, increased
use of factor prophylaxis, and reduced annual household income [29]. Post-traumatic ICH in
hemophilia can be indolent, with a symptom-free interval of up to 10 days [31].

Children with sickle cell disease (SCD) have a markedly increased risk of both hemorrhagic
and ischemic stroke. The Baltimore-Washington Cooperative Young Stroke Study found an
incidence of HS of 285 per 100,000 person-years in children with SCD, nearly a 250-fold risk
over unaffected children [32]. The Cooperative Study of Sickle Cell Disease found a more
modest increase in HS incidence in children and young adults, ranging from 17 to 44 per
100,000 person-years [33]. Inarecent study of 15 children with SCD and HS, factors associated
with hemorrhage included pre-morbid hypertension, transfusion within the last 14 days,
treatment with corticosteroids, and perhaps non-steroidal anti-inflammatory drugs [24]. Other
risk factors identified in cohort studies and case series of SCD include: age, low steady-state
hemoglobin concentration and high steady-state leukocyte count [33], as well as cerebral
aneurysms, moyamoya, hypertension, acute chest syndrome, and overly aggressive transfusion
[34-37]. Appropriate treatment after HS in SCD is unclear; however, patients with SAH and
IPH with arterial occlusive disease are often placed on transfusion therapy as they are for
ischemic stroke [38].

Diagnostic challenges in childhood ICH

The appropriate diagnostic evaluation in children with spontaneous IPH has not been
established. Computed tomography (CT) is still considered to be the initial imaging study of
choice by most authors, because it is rapid, widely available, and clearly distinguishes
hemorrhagic and ischemic stroke [14]. Magnetic resonance imaging (MRI) sequences such as
susceptibility-weighted images clearly identify hemorrhage, but are not universally available
and require some experience and training to correctly identify the hemorrhage [39]. A recent

Pediatr Neurol. Author manuscript; available in PMC 2007 April 2.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Jordan M.D. and Hillis M.D. Page 4

study found that a combination of MRI, MRA and MRV images accurately identified the cause
of IPH in 25 of 38 children (66%) [40]. 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). Interestingly, in the same study, CCA alone had a diagnostic yield of 61%
that was statistically equivalent to the yield of the combination of MRI, MRA and MRV (40).
In another series of children with non-traumatic IPH, the cause of bleeding was established in
97% of children who underwent CCA compared with 80% of children who did not have
angiography [15]. However, fewer than 50% of children with IPH undergo CCA [15,41].
Recent literature indicates that CCA in children can be relatively safe; in a series of 241
pediatric cerebral angiograms, the rate of major complications was only 0.4% [42].

Coagulation studies and other basic laboratory tests are recommended in the American Heart
Association guidelines for management of intracerebral hemorrhage [14]. There is no evidence
to suggest that an extensive evaluation for a bleeding diathesis is helpful, though no studies
have been done in children with HS.

Medical Management

No medical management guidelines are available for pediatric patients with spontaneous IPH,
but most guidelines for adults, from the American Heart Association [14], are applicable to
children. Fluid management to maintain euvolemia and maintenance of body temperature at
normal levels with acetaminophen and cooling blankets are recommended [14]. Temperature
elevation, > 37.5 °C, has been shown to increase the likelihood of poor outcome in adults with
IPH [43]. Careful monitoring for and treatment of hydrocephalus is essential. Perinematomal
edema is also typical with IPH; in one study, absolute edema volume doubled in the first 24
hours after presentation [44]. Osmotherapy is recommended for elevated intracranial pressure
(ICP). Corticosteroids are not recommended, because randomized trials in adults with IPH
have failed to show efficacy [45,46]. Additionally, hyperglycemia which may result from
corticosteroid use has been shown to be detrimental [47,48].

Potential treatments for IPH

Treatment of children with IPH has primarily been guided by extrapolation from the adult
literature. Treatment of brain AVM depends on the size, venous drainage pattern (superficial
or deep) and location (eloguent or non-eloquent brain) [49]. In general, small, superficial
AVMs in non-eloguent brain locations are microsurgically resected while AVMs that do not
fall into this group require careful selection of therapy. Embolization (an interventional
radiology procedure) may facilitate microsurgery or radiosurgery by reducing the size of the
AVM, or rarely may obliterate the AVM entirely. Radiosurgery typically results in involution
of an AVM over 3 to 5 years to achieve angiographic obliteration [50]. During this period of
involution hemorrhage risk is reduced by approximately half [51]. Radiosurgery requires
radiation exposure and is not preferred for young children as it may have detrimental cognitive
effects [52]. In arecent series of 38 children treated with radiosurgery for AVM with a median
follow up of 42 months, 68% had excellent outcomes, as defined by complete obliteration of
the AVM with no new deficit [53]. Large AVMs with deep venous drainage in eloquent brain
regions may not be amenable to therapy [49]. Adding to the calculus regarding treatment is the
fact that in the New York Islands AVM study, recurrent AVM hemorrhage did not alter clinical
outcome and had a low mortality [54,55].

Optimum treatment for IPH and I\VH remains elusive even in adults. Stereotactic and
endoscopic surgical evacuation of the intracerebral hematoma [56,57] or hemostatic agents
[58] are being investigated. Intraparenchymal and intraventricular ultra low-dose
thrombolytics to promote lysis of the hematoma are currently in phase Il and 111 randomized
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clinical trials [59,60]. These interventions are all of potential therapeutic benefit in adults and,
by extension, in children.

Surgical hematoma evacuation for parenchyma hemorrhage deserves special mention, since
management practices may differ between adults and children. The STICH trial is a landmark,
recently completed trial of 1033 adult patients with spontaneous supratentorial IPH that showed
that emergent surgical evacuation of hematoma within 72 hours of onset of bleeding does not
improve outcome beyond best medical management [61]. However, the trial depended on
clinical equipoise, i.e. patients who were felt most likely to benefit from surgery by the local
investigator were not enrolled in the trial. Young patients with lobar hemorrhages with clinical
deterioration due to mass effect have been shown to benefit from early surgery in a small
retrospective series [62], so such patients are unlikely to have been enrolled in the STICH trial.
Children may require more urgent intervention to reduce ICP and prevent brain herniation,
because they do not have cerebral atrophy that would allow for expansion of the hematoma.
Further, in adult series, patients with cerebellar hemorrhage >3 cm in diameter benefit from
early evacuation of the hematoma, likely because the location of the hemorrhage often leads
to tonsillar herniation, hydrocephalus, or brainstem compression [14,63].

One of the most promising therapies with specific application to children, because it is
minimally invasive and is FDA-approved for use in a subset of children already, is recombinant
Factor Vlla. This drug promotes hemostasis and is licensed for use in adults and children with
hemophilia who have systemic bleeding and who are resistant to factor V11l therapy. Factor
Vllais currently in phase 11 clinical trials in adult ICH [64]; since up to 38% of patients with
IPH will have early expansion of their hemorrhage [58], stabilization of the intracerebral
hematoma may reduce hemorrhage volume and improve clinical outcome. The major
limitations of Factor Vlla include the potential for thromboembolic complications [65] and the
need for rapid administration, ideally within 4 hours of IPH onset [58]. There are very few data
on time to presentation in children with IPH. Gabis et al. [66] collected data on time from
symptom onset to presentation in seven children with IPH (primary SAH and IVH were
excluded) and 17 children with ischemic stroke. While the average time from first clinical
symptom to first physical examination was 14.3 hours in children with IPH, four of seven
patients were seen in less than 3 hours (a higher percentage than those with ischemic stroke).
Though more data are needed, some children with IPH may be candidates for time-sensitive
therapies.

Neurologic outcome and HS recurrence

Neurologic outcome after childhood arterial ischemic stroke has been reported by several
groups [67-69]. Outcome after HS, however, has not been well studied in children. Most
studies that have reported outcomes have simply reported mortality, or based on chart review,
have reported neurologic outcome qualitatively (e.g. “normal, good, or poor” outcome; Table
1). Little attention has been paid to cognitive outcomes, with the exception of 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 [5]. Long-term follow up (mean 10.3 years) was
available on all 36 surviving patients; 10-year survival after HS was 64%. Mean Full Scale
Intelligence Quotient (1Q) of the 31 subjects who reported for cognitive testing was not below
average (1Q 106, SD 20, n=28) or left-shifted. However, 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. And, seven patients had moderate to severe cognitive deficits. In
this small sample, no relationship was found between cognitive deficits and HS location, age
at the onset, time since HS, or modified Rankin score.

Factors that predict poor neurologic outcome after childhood HS are of interest. Young age at
the time of HS may be a poor prognostic factor. Data in young children are sparse; however,
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in a series of 11 full-term neonates with IPH only 4 of 11 (36%) had a normal neurologic
examination ata mean follow up of 4.5 years [17]. Children with hemophilia who suffer a brain
hemorrhage often do so at the time of birth or during the first two years of life [28,29]; neonates
have the worst neurologic outcomes [28]. One study of 34 children specifically addressed
features that predict poor neurologic outcome; Meyer-Heim et al. [16] 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 were predictors of more severe outcome. In the
adult literature, volume of IPH and GCS <9 at the time of presentation are strong predictors
of 30-day mortality [70]. Additional poor prognostic factors in adults have included older age,
infratentorial origin of hemorrhage, and the presence of intraventricular hemorrhage [71].
Larger studies are needed to determine if these associations hold in children.

The mortality rate from HS in US children as studied via death certificate data from the National
Center for Health Statistics fell dramatically from 1979 to 1998 [72]. Mortality from SAH
decreased by 79%, and mortality from IPH declined 58%. Improvements in pediatric critical
care and neurosurgical techniques may account from some of this reduction in mortality [7,
72]. Pooled data from multiple, somewhat heterogeneous studies suggest an average mortality
of 25% in children with HS [6], although individual study estimates range from 7% [73] to
54% [22].

Recurrence risk in childhood HS depends on underlying etiology. Children with underlying
hematologic disorders and vascular malformations have the highest risk of recurrence [21,
74]. Data from pooled studies suggest that recurrence risk after HS is approximately 10% [6],
but length of follow-up was highly variable. A recent study followed 251 children with brain
AVMs for a total of 996 person-years and found that the risk of subsequent IPH (after AVM
detection) was 2% per year without treatment [75].

Discussion

This review attempts to synthesize existing literature on HS in childhood. Studies published
in English that included patients with HS are listed in Table 1 with information about study
design, number of participants, mortality and neurologic outcome. Table 2 shows the etiologies
reported in these studies. This is clearly a heterogeneous group of studies with different
methodologies, study populations, and inclusion criteria. The tables serve best as reminder that
we know very little about HS in children and that the extant data have limitations. Much of the
information on etiology of HS was gathered prior to the availability of MRI; subtle findings
such as cavernoma may have been missed by CT and CCA. Likewise, MRI is clearly the best
study to identify a hemorrhagic brain tumor. A combination of imaging modalities is often
required. The evaluation of children with HS varies widely, so the percentage of patients with
HS of unknown etiology (Table 1) may be a function of the thoroughness of the diagnostic
evaluation. And, since the majority of these HS studies were conducted at tertiary children’s
medical centers, there is an inherent selection bias. Patients with HS who died prior to reaching
a tertiary children’s medical center were excluded from most studies, so mortality is likely to
be underestimated and good outcomes to be overestimated. Only one study included detailed
cognitive testing in the assessment of outcome [5]. All other studies assessed outcome via
record review with variable duration of follow-up.

Conclusion

While research in arterial ischemic stroke and cerebral venous sinus thrombasis is expanding,
HS in children remains largely unstudied. Perhaps this should not be surprising; as recently as
1999, the American Heart Association Stroke Council formed a task force to recommend areas
of “desperately needed” research in adult IPH [14]. IPH remains the only stroke subtype in
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adults without a clearly defined treatment, though many potentially effective treatments are on
the horizon [76,77]. There is a paucity of literature to guide physicians who care for children
with HS.

A few themes regarding childhood HS have emerged from this review. HS has a higher
mortality than arterial ischemic stroke in children [9,21,78]. No studies specifically address
the proper evaluation of hemorrhagic stroke in children; however, data from pediatric and adult
case series suggest that conventional cerebral angiography should be strongly considered
[15,79], particularly if non-invasive imaging techniques are unrevealing. Neurologic outcome
in children after hemorrhagic stroke has not been well studied. Based on a single study, many
children who survive the initial acute period of illness have 1Qs in the normal range, though
they appear to be below their pre-morbid level of function [5].

Additional work is needed in hemorrhagic, as well as arterial ischemic stroke in childhood.
Randomized controlled trials of intervention will be essential. In HS, particularly important
data that are needed to plan randomized controlled trials include: recent population-based data
on incidence and etiology of childhood HS; information on time to presentation that may affect
therapeutic options; detailed information on neurologic outcome and predictors of outcome;
and phase | and Il treatment trials that include children.
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Figure 1.

Childhood Stroke Incidence by Subtype

* per 100,000 children per year

Incidence numbers from Fullerton el al.[4].
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