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ABSTRACT

Prompt recognition and early intervention, with pertinent management and medication, may reduce subsequent neurologic
deficits in stroke, which constitutes a devastating event in children. This is due to the tasking and demanding consequences
including death or residual neurological deficits, which may last for many decades, in over 60% of survivors. Evidence-
based treatment for children with stroke is still lacking, reflecting scarcity in baseline epidemiological data on pediatric
stroke, the multitude of underlying risk factors, and the ethical and practical challenges incurred in conducting clinical
trials. Based on the experience we gained from a combined prospective and retrospective study on childhood stroke
(covering 10 years and 7 months and involving a cohort of 104 Saudi children), a diagnostic algorithm, which outlines the
approach to a child with suspected stroke/cerebrovascular lesion, was designed. This algorithm might also be of use for
managing other children with stroke from the Arabian Peninsula and Middle Eastern Region with similar demographic,
socioeconomic, and ethnic backgrounds. Underlying risk factors, which need special attention, include thrombophilia
and hypercoagulable states and sickle cell disease (SCD), which contrary to previous studies from Saudi Arabia, were
found to constitute a common risk factor with severe manifestations. Other risk factors include infections (especially
neurobrucellosis), cardiac diseases, and hypernatremic dehydration. Recognition of an identifiable syndrome or inherited
metabolic cause may unravel an underlying cerebrovascular disease. This is particularly important in this region, given
the large pool of autosomal recessive diseases and the high rate of consanguinity. In the evaluation of a suspected case
of stroke, important imaging modalities include cranial CT, MRI (including diffusion-weighted images), magnetic
resonance angiography (MRA), magnetic resonance venography (MRV) and conventional angiography. Transcranial
Doppler sonography of the intracranial vessels and Duplex scan of the neck are valuable modalities for detecting large
vessel vasculopathy, which occur in SCD, moyamoya syndrome, arterial dissection, and stenosis. Antithrombotic drugs
are increasingly being used in the acute phase of childhood ischemic stroke. These include unfractionated heparin, low-
molecular-weight heparins, aspirin or warfarin, or both. Specialized stroke care and follow-up are needed for children
with stroke, as well as their families.
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Stroke is a tragic event in children with tasking
consequences including death, and residual
neurological deficits, which last for many decades,
in over 60% of survivors, in addition to an adverse
socioeconomic impact for the victim, family and the
community at large.'* Prompt recognition and early
intervention with medication may reduce subsequent
neurologic deficits. Of major concern, is the risk of

recurrence, which affects up to 25% of older infants
and children, and is strongly influenced by the stroke
mechanism."*>¢ The presence of multiple risk factors
increases the chances of recurrence.” Evidence based
treatment for children with stroke is still lacking,
reflecting the paucity in baseline epidemiological data
on pediatric stroke, the multitude of etiologies and the
ethical as well as the practical challenges incurred in
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conducting clinical trails.® Several comprehensive
reviews have outlined the diagnostic approach and
treatment modalities of childhood stroke. !> However,
2 sets of childhood stroke treatment guidelines
were recently published, both including the grading
of the quality of evidence and the strength of
recommendation.'*!'* Most recently, these guidelines
were critically reviewed and compared by deVeber
in a Rapid Review article.'> One of the objectives of
a combined prospective and retrospective study'® on
childhood stroke, covering 10 years and 7 months,

was to outline the diagnostic approach and treatment
modalities. This study'® involved a cohort of 104
Saudi children and explored the epidemiology and
underlying risk factors. Based on the experience
gained from this'® and other studies,'” a diagnostic
algorithm, which outlines the approach to a child with
suspected stroke/cerebrovascular lesion, was designed
(Figure 1). The algorithm might also be of use for
managing other children from the Arabian Peninsula
and Middle Eastern Region with similar demographic,
socioeconomic, and ethnic backgrounds.
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Figure 1 -The algorithm is based on experience obtained from the present study and other more comprehensive experience.'” The evaluation is
curtailed when a likely etiology is detected early in the course of the work-up. *Investigations which are ordered only when clinically
appropriate. APTT - activated partial thromboplastin time, CT - computed tomography, CBC - complete blood count, GC/MS - gas
chromatography/mass spectrometry, Hb — hemoglobin, HIV - human immunodeficiency virus, MRA - magnetic resonance angiography,
MRI - magnetic resonance imaging, MRV - magnetic resonance venography, PT - prothrombin time, TB — tuberculosis, VDRL - Venereal
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Diagnostic approach to stroke. The diagnostic
approach to stroke has 3 main objectives, namely
to confirm the presence of cerebrovascular lesion,
eliminate other causes of neurological dysfunction that
mimic stroke, and identify the cause of stroke. When
the presence of a cerebrovascular lesion is confirmed,
efforts should be consolidated in identifying factors
which are both common and potentially treatable.!°
Often the cause of stroke is suspected from the initial
presentation, as with a child already known to have
congenital heart or sickle cell diseases. Information
gained from history and physical examination has
considerable influence on directing the extent of
needed investigations. Also, generally, more basic
investigations with a high yield and low risk are
undertaken first.!’ Initial screening information gained
from history and physical examination may identify
several risk factors including cardiac diseases, sickle
cell disease (SCD), infections, dehydration, vasculitis,
and malignancy. Transient ischemic attacks frequently
precede acute ischemic insults in children.'? History
of consuming raw milk, or visiting a farm, is of great
value as has been shown in our study;'’since it may
point to the diagnosis of neurobrucellosis. A family
history of brucellosis is equally important. Other
inquiries, which may provide clues to the etiology,
include history of a recent infection (particularly
chicken pox, in the preceding 12 months), rheumatic
fever, and trauma (for a possible cervicocephalic
arterial dissection). With regard to thrombophilia and
hypercoagulable states, history should be obtained for
thrombotic events (stroke, deep venous thrombosis,
myocardial infarction, pulmonary embolism)
occurring in the patient or any first-degree relative
under the age of 55 years.”*!” Recognition of an
identifiable syndrome may give a clue to an underlying
cerebrovascular disease. This is particularly important
in the Gulf Region, given the large pool of autosomal
recessive diseases as a result of the high rate of
consanguinity.”** Two of the patients in this study
had moyamoya disease associated with autosomal
recessively inherited dysmorphic syndromes.**

Initial laboratory investigations should begin
with complete blood count (CBC) and blood
film examination, which may unravel isoimmune
thrombocytopenic purpura (ITP), thrombocytosis,
polycythemia, infection, or sickle cells. In this region,
sickling test should be ordered at this stage pending the
result of hemoglobin electrophoresis.” A remarkably
raised erythrocyte sedimentation rate (ESR) may
point towards neurobrucellosis, tuberculosis or
malignancy.'” The prothrombin time (PT) and
activated partial thromboplastin time (APTT) may
also be needed as screening tests for a coagulation
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defect. Serum urea, creatinine and electrolytes are
needed to unravel hypernatremic dehydration as
being causative, reflect the fluid balance state of the
patient, and may also give clues to an underlying renal
disease.” Blood glucose estimation is also important,
and will add to the value of the biochemical assays of
CSEF, if this was carried out at a later stage.

Cranial CT or MRI should be carried out early in
the evaluation of a suspected case of cerebrovascular
disease, since hemorrhagic stroke, which may
require urgent neurosurgical intervention, must be
excluded.>**" Although CT is often more readily
available and takes less time to perform, MRI is
more sensitive in detecting small and early infarcts,
especially in the posterior fossa, as well as brainstem
lesions.!®!! The purpose of neuroimaging at this stage
is to confirm the occurrence of an acute cerebral
ischemic event. It is useful in determining the extent
and location of acute cerebral injury, the relative
cerebral perfusion and the patency of intracranial
and major neck arteries.'""® Compared to CT, the
MRI is also more sensitive in detecting hemorrhagic
conversion of infarcts and recent modifications have
improved its power on the early detection and the
specificity of the diagnosis of the infarct."" These
modifications include diffusion-weighted images,
perfusion images, and proton magnetic resonance
spectroscopic imaging.”® Diffusion-weighted images
demonstrate areas of cytotoxic edema and are more
sensitive in showing acute ischemic stroke (AIS)
in the unmyelinated brain of neonates.!" Perfusion
images are required to demonstrate areas of abnormal
cerebral blood flow and mean transit time.'> Other
useful images include T1-weighted spin echo of
the neck with fat saturation sequence, to exclude
arterial dissection.'”” With proper planning, MRA
can be carried out during a standard MRI session.
It is an extremely helpful non-invasive screening
examination for the major cerebral arteries, at the
level of the circle of Willis and can readily diagnose
moyamoya syndrome. In up to 80% of children with
AIS, abnormalities of the cerebral arteries are found,
most commonly stenosis or occlusion of the large
intracranial arteries which are usually demonstrated
by MRA."” Nevertheless, MRI/MRA misses
abnormalities in medium and smaller arteries, specific
signs of vasculitis or dissection and overestimates the
degree of stenosis and presence of occlusion.!
However, magnetic resonance venography (MRV)
usually demonstrates the occluded sinus in cases of
sinovenous thrombosis.!” Venous sinus thrombosis
may be accompanied by hemorrhagic or bland
infarction, typically involving the frontal, parietal, or
occipital cortex.'? One of the other advantages of MRI
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Figure 2 - Axial Single Photon Emission Computed Tomography
(SPECT) brain scan of a 9-year-old boy who had
hemiconvulsion-hemiplegia—epilepsy (HHE) syndrome
showing hypoperfusion of the right cerebral hemisphere.

is that it can exclude alternative pathologies that
mimic stroke. This has to be considered within the
context of the clinical features and other ancillary
investigations. Acute disseminated encephalomyelitis
is usually clear on MRI. Epilepsy with post-ictal
hemiparesis (Todd’s paralysis) may be diagnosed
by the EEG in addition to the finding of meningeal
enhancement in the side of the brain that triggered
the hemiconvulsion. Together with the EEG and
single photon emission computerized tomography
(SPECT), MRI is extremely useful in the diagnosis
of hemiplegia, hemiconvulsion, epilepsy syndrome
(Figure 2), of whom 6 cases were excluded from this
study.'** In hemiplegic migraine, the EEG usually
shows unilateral slow background activity.
Neuroimaging with MRI is also helpful in delineating
metabolic stroke, secondary to mitochondrial
encephalopathy. This was evident in the 3 cases of
Leigh syndrome and the case of MELAS included in
this study.’’ One of the neuroimaging features of
MELAS is that the infarcts are usually not in a
typically vascular distribution. Most recently, and
despite its limited spacial coverage, perfusion CT
emerged as a new modality, which advantageously
competes with perfusion weighted MRI in an
emergency setting, since it can easily be performed
upon admission.” Transcranial Doppler (TCD)
sonography of the intracranial vessels and Duplex
scan of the neck are valuable modalities for detecting
large vessel vasculopathy (for example, in sickle cell
disease). Stenosing arteriopathies may manifest as
dissection, stenosis, occlusion, fibromuscular

dysplasia or moyamoya syndrome.** They were
thought to result from a combination of genetic
predisposition and environmental triggering factors
such as Varicella-Zoster virus infection.!>** Idiopathic
stenoses are transient in most of the cases.*
Extrapolating on the experience gained from the
present and other studies,”** all cases of suspected
large vessel vasculopathy require MRI of the neck
with fat saturation and MRA (axial 2D time of flight)
from the origin of the great vessels to the skull base.'
Since different management strategies are based on the
specific vascular diagnosis, conventional angiography
should be considered in situations where MRA and
MRV are normal.'""'? Additional strong indications
include suspicion of arterial dissection or small vessel
disease, unexplained recurrences and in children with
posterior circulation infarcts.***” Embolism is the most
frequent cause of AIS in children and is secondary
to an underlying congenital heart disease in 25% of
cases.'”!"" Acquired heart disease is also a common
underlying condition. In most of these children stroke
is triggered by additional risk factors such as cardiac
procedures (surgery, biopsy, intervention) or other
non-cardiac events, such as immobilization.'> Careful
cardiac examination is, therefore, needed in all cases
of childhood stroke. Chest x-ray, ECG and precordial
echocardiography are essential investigations.!®!%3
Ambulatory cardiac rhythm monitoring (Holter
monitor) is occasionally useful and transesophageal
echocardiography seems to be more sensitive than
transthoracic echocardiography in the identification
of a patent foramen ovale (PFO) in the older child.
In some patients, a “bubble study” may be needed
to exclude PFO that allows significant right-to-left
shunting of blood and paradoxical emboli.”® When
these former studies fail to suggest a cause for
stroke and if the initial neuroimaging scans show no
evidence of significantly raised intracranial pressure,
a lumbar puncture should be considered. Examination
of CSF is mandatory when stroke is associated with
fever or signs of specific central nervous system
infection.'®!” Diseases in which CSF examination
is particularly helpful include neurobrucellosis,
tuberculous meningitis, syphilis, HIV disease and mild
subarachnoid hemorrhage not evident on imaging.
As has been ascertained in one of our studies,”
acquired or inherited prothrombotic disorders (due to
deficiency of protein C, protein S, antithrombin III or
the presence of anticardiolipin antibodies (ACA), or
both, were the most common associated risk factors
for childhood stroke. These disorders are increasingly
being recognized and have recently been associated
with stroke recurrence.’ Of these, ACA were detected
in up to one third of children with stroke, but did not
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seem to predict recurrence.® Lupus anticoagulant,
rarely found in healthy children, can be found in
patients with SLE.!! If the laboratory results indicate
a prothrombic disorder, the patient should be screened
in a specialized coagulation facility, 3-6 months after
the acute stroke for these prothrombic defects.'
When confirmed, other family members should also
be screened as well. Since neurobrucellosis was an
identified risk factor for stroke in our study cohort,"’
serum brucella antibodies needs to be included in the
investigation protocol. Screening blood by tandem
mass spectrometry (MS/MS), and urine with GC/MS
will cover several of the metabolic causes of childhood
stroke (for example, homocystinuria and organic
acidemias) which are relatively common in Saudi
Arabia. A patient suspected to have one of the
mitochondrial disorders (for example, MELAS or
Leigh disease) should have lactate and pyruvate levels
assayed. Examination of muscle biopsy, including
immunohistochemistry and assay of mitochondrial
enzyme activities of muscle homogenate, will confirm
the diagnosis. Mitochondrial DNA analysis might
reveal the specific mitochondrial mutation. However,
the assay of mitochondrial enzyme activities and
DNA analysis are only carried out in a few specialized
laboratories.’'Other studies will be guided by the
clinical profile of the individual child with stroke.
Treatment modalities. Despite the presence of
pertinent guidelines, there has been no randomized
clinical trials for the acute treatment of ischemic
stroke in children.>'*'? Most recommendations
have been adopted from studies in adults, taking
into consideration the age-related differences in
neurological, vascular and hemostatic systems.'
During the acute phase of stroke, supportive care
including fluid management and blood pressure
monitoring are essential, since autoregulation of
cerebral vasculature is impaired during stroke.*
Avoidance of hypoglycemia or hyperglycemia
by monitoring serum glucose is mandatory since
hypoglycemia worsens the effect of stroke, whereas
hyperglycemia increases the size of infarct.*' Seizures
require prompt management and fever should be
prevented, since infarct volume and outcome may be
related to body temperature.'> Exchange transfusion
is strongly recommended following stroke in children
with SCD. However, blood needs to be administered
slowly to avoid the possibility of subsequent
neurologic deterioration, which has been reported
in some cases.*** The recent guidelines issued by
the ACCP" recommended therapy with intravenous
hydration and exchange transfusion to reduce
hemoglobin S (HbS) levels to <30%. Likewise, the
Paediatric Stroke Working Group (PSWG) guideline'

S8 Saudi Med J 2006; Vol. 27 Supplement 1 ~ www.smj.org.sa

recommended exchange transfusion to lower HbS to
<30%. Intracranial pressure monitoring, or surgical
decompression, or both, may be required in children
who present with coma following large middle
cerebral or cerebellar infarcts. During the acute phase,
the treatment of hemorrhagic stroke depends on the
cause and the condition of the patient. Intraventricular
hemorrhage may require drainage, and evacuation of
intracranial hematoma and this could be life saving.

Antithrombotic drugs. Antithrombotic drugs
are increasingly being used in the acute phase of
childhood AIS. In a recent population-based study,’
unfractionated heparin (UFH), low-molecular-
weight heparins (LMWH), aspirin, or Coumadin, or
both, have been used in >50% of children with AIS.
The feasibility and safety of a prophylactic dose of
LMWH and aspirin have recently been documented
in an earlier study, which included a cohort of 135
consecutively recruited stroke children (aged 6
months to 18 years).* Although the use of these drugs
is associated with the risk of systemic bleeding and
hemorrhagic transformation of the infarct, in the acute
phase of stroke they demonstrate several potential
benefits.”> These include limitation of thrombus
spread, helping in its dissolution, reduction in the size
of infarct, promoting intracranial arterial anastomosis,
prevention of deep vein thrombosis in immobilized
stroke patients, and also the prevention of the early
recurrence of embolic events. In children, the most
commonly used antiplatelet drugs are aspirin and
dipyridamole.***” Early recurrence may be reduced if
aspirin is administered during the acute phase of stroke
in a dose of 3-5 mg/kg/day."? The dose can be reduced
to 1-3 mg/kg/day during long term prophylaxis.
However, recurrence occurs in approximately 10%
of patients while on aspirin.'” Identification of
aspirin non-responders can be ascertained through
monitoring platelet function using the platelet
function analyzer (PFA-100).** The relatively low
to medium dose of aspirin rarely causes side-effects
and Reye’s syndrome has not been described in
children on low-dose aspirin prophylaxis.'? The risk
of Reye’s syndrome may still be further reduced
through giving influenza and varicella vaccines."
Dipyridamole, the second most commonly used
antiplatelet agent in children, is given at doses of 2-5
mg/kg/day.” It is sometimes combined with aspirin
in patients with moyamoya syndrome. Monitoring of
this drug, in treated patients, can be achieved by the
assay of the adenosine diphosphate-induced platelet
aggregation.'? Unfractionated heparin (UFH) can be
used in children with sinovenous thrombosis, arterial
dissection, AIS of cardioembolic origin and other
conditions with a high risk of early recurrence.'? Prior
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to its administration, cranial CT scan is mandatory,
to rule out the possibility of pre-existing intracranial
hemorrhage. Platelet count monitoring, in addition to
the APTT are, likewise, mandatory since, as in adults,
heparin-induced thrombocytopenia type II has also
been reported in children.” The target increase in
APTT is 1.5 fold compared with baseline values or
0.4-0.7 U/mL antifactor Xa assay.'> The recommended
dosage of UFH is 20 U/kg/hour for children >12
months and 28 U/kg/hour in neonates and infants.'? A
loading dose should be avoided in children with stroke
to avoid the risk of hemorrhage.*® Low-molecular
weight heparin (enoxaparin) proved to be a safe and
efficacious alternative to UFH in children with acute,
non-hemorrhagic ischemic stroke.>' Clinical studies
demonstrated several advantages of LMWH over
standard UFH."? The frequency of heparin induced
thrombocytopenia and bleeding complication are
significantly lower. The need for frequent monitoring,
via antifactor Xa assays, is minimized because the
pharmacokinetics of LMWH are more predictable
than those of UFH. This is important in pediatric
patients with poor or non-existent venous access.
Also, the relatively long half-life of LMWH allows
for once/or twice-daily subcutaneous administration.
Enoxaparin (LMWH) can be given subcutaneously
in high doses of 1.5 mg/kg (neonates and infants) or
1 mg/kg (children >12 months of age), twice daily.
It can also be given once daily as a prophylactic
regimen.'? For twice daily administration, monitoring
by antifactor Xa activity is recommended.’> There
is limited experience on the use of long term oral
anticoagulation for the prevention of childhood
cerebrovascular  accidents.”® Conditions where
warfarin is recommended in children with stroke, on
case-by-case bases, include congenital or acquired
heart disease, arterial dissection and hypercoagulable
states.'? Warfarin therapy is monitored by the use of
the PT and the international normalized ratio (INR).
For most children on warfarin, an INR of 2-3 is
appropriate.”> However, for those with mechanical
heart valves, an INR of 2.5-3.5 is recommended,
and INR home monitoring is available.”* Routine
antithrombotic treatment is not required in neonates
with AIS because they have negligible risk of
recurrence.'' In older infants and children, long term
therapy with aspirin is needed to prevent recurred
transient ischemic attacks (TIAs) which occur in 7-
20% of patients."" On the other hand, Coumadin or
LMWH are frequently used and continued for several
months in children who depict failure of aspirin in
preventing recurrence, and in those with cardiogenic
AIS, arterial dissection, high-grade stenosis of a
cerebral artery or severe prothrombic conditions.' In

such cases, the risk factors of anticoagulant therapy
(particularly bleeding) should be weighed against the
risk of recurrent thrombotic events.

Thrombolytic agents. The actions of thrombolytic
agents are mediated by converting endogenous
plasminogen to plasmin. Tissue plasminogen
activator (tPA, alteplase), when used during the acute
phase, is associated with a 10% risk of hemorrhagic
transformation in adults and has to be administered
within 3 hours from the onset of stroke.”” It is
noteworthy that only one child in this cohort presented
to KKUH within this window of 3 hours. Considering
the potentially significant risk of hemorrhage in
children with AIS, it is still recommended that the use
of thrombolytic agents should only be in the setting
of a clinical trial until safety and feasibility data are
available.'? Moreover, neither the PSWG guidelines'*
or ACCP guidelines" recommend the use of alteplase
in acute childhood AIS. Further details of acute
childhood stroke and maintenance therapy (drugs,
dosages and duration) which has been recommended
by the ACCP guidelines"® and PSWG guidelines'*
are tabulated in the comprehensive Rapid Review of
deVeber."

Specialized stroke care and follow-up. Given
the proven benefit of specialized stroke care in
adults, the affected children should be referred,
whenever it is feasible, to a tertiary care centre,
with expertise in the management of stroke.'
Designing and implementing a childhood stroke
registry that compiles, stores and processes data via
the Internet, similar to the experience with congenital
heart diseases, will be very useful.®® In conjunction
with Telemedicine, this can prove to be of great
help in the initial management of patients at various
district and regional hospitals in Saudi Arabia. The
formulation of national networks focused on pediatric
stroke research, similar to developments in several
countries,™®> will enable the sharing of expertise,
pooling of data, the development of therapeutic
trials and consensus for the best treatment options.
Due to the significant and varied neuropsychiatric
impairment, which follows childhood stroke, follow-
up visits are better conducted in a multi-disciplinary
setting.'® Rehabilitation programs require physical,
occupational, speech, language, cognitive and
behavioral therapies. Orthopedic care may also be
required.”” Education booklets would also be of great
help for parents of the affected children helping to deal
with the tasking challenges of stroke in a child.'
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