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Abstract

Neurological deficits in the pediatric age group are much rarer than in adults. Neurological deficits caused
by cerebrovascular diseases are defined as stroke, whereas conditions manifesting with neurological deficits
without underlying cerebrovascular diseases are referred to as stroke mimics. Stroke is relatively rare in
children, but can lead to significant morbidity and mortality, Understanding that children with strokes
present differently than adults and often present with unique risk factors will optimize outcomes in children.
Despite an increased incidence of pediatric stroke, there is often a delay in diagnosis, and cases may still
remain under or misdiagnosed. Clinical presentation will vary based on the child’s age, and children will
have risk factors for stroke that are less common than in adults. Currently, there is no consensus on the
classification, evaluation, outcome measurement, or treatment of perinatal and childhood stroke. Pediatric
stroke registries are needed to generate data regarding risk factors, recurrence and outcome. The impact of
maternal and perinatal factors on risk and outcome of neonatal stroke needs to be studied. This information

is essential to identifying significant areas for future treatment and prevention.
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Introduction

Acute stroke syndrome is a neurological injury
caused by the occlusion or rupture of cerebral
blood wvessels. Siroke can be ischemic,
hemorrhagic or both. Ischemic stroke is usually
caused by arterial occlusion, but it may also be
caused by venous occlusion of cerebral veins or
sinuses. Stroke is relatively rare in children, but
can lead to significant morbidity and mortality.
Roughly 10-25% of children with a stroke will
die, up to 25% of children will have a recurrence
and up to 66% will have persistent neurological
deficit or develop subsequent seizure disorders,
learning or developmental problems. !+2:3

Acute ischemic stroke accounts for half of all
strokes in children, in contrast to adults in whom
80-85% of all strokes are ischemic.* ¥

There is widespread belief that strokes don’t
happen to children. This may be due to inadequate
investigation facility and very little data base.
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Early recognition of acute stroke syndrome may
lead to more rapid neurological consultation,
imaging, treatment and improved outcomes. Many
studies on acute stroke syndrome and pediatric
stroke are conducted in different parts of the
globe. But studies in acute stroke syndrome in
pediatric age group in our country are very
lacking. In this article we do review the
epidemiology, risk factors, causes and clinical
presentation of acute stroke syndrome in pediatric
age group so that inadequate diagnosis of acute
stroke syndrome related morbidity and mortality
could be minimized.

Epidemiology

A stroke or cerebrovascular accident (CVA) in
children is typically considered to be a rare event.
The reported incidence of combined ischemic and
hemorrhagic pediatric stroke ranges from 1.2 to
13 cases per 100,000 children under 18 years of
age per year. However, incidence of stroke in
children is likely more than we think and it is
thought to be frequently undiagnosed or
misdiagnosed. Pediatric stroke is more common in
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boys than girls and appears to be predominance in
black children.!: 714

Risk factors and causes of childhood strokes
Strokes in adults often can be blamed due to high
blood pressure, high cholesterol level, a history of
smoking, too much alcohol and obesity. The
majority of signs and symptoms of acute stroke
syndrome are nonspecific and can be easily
attributed to other causes. Multiple risk factors are
often present in as many as 25% of children with
stroke, which means further investigations are
warranted even when one risk factor has been
identified.!3 14

In contrast, children’s strokes are often caused by:
O Birth defects (cardiac, vascular)
U1 Birth trauma
U Perinatal asphyxia
O Syndromic and metabolic disorder
U Infections (e.g., meningitis, encephalitis)
O Blood disorders such as sickle cell disease
1 Trauma

Classification and presentation of pediatric
strokes

1. Arterial ischaemic stroke

The incidence of arterial ischaemic stroke in
childhood is for about half of all strokes in
children. The most common presentation of
arterial ischaemic stroke (AlS) in childhood is
hemiparesis/ hemiplegia attributable to the
relatively frequent involvement of the middle
cercbral artery. Other less common presenting
features include altered mental status and focal
neurological signs, such as aphasia and visual
disturbance. Stroke in the posterior lobe is rare
and when it occurs it is usually associated with
vertebral artery dissection, presenting with ataxia,
vertigo or vomiting,

2. Moyamoya disease/syndrome

Moyamoya disease is a progressive occlusive
vasculopathy. On angiography, the characteristic
appearance of dilated lenticulostriate perforating
vessels is described as a puff of cigarette smoke or
moyamoya in Japanese. Moyamoya can either be
primary or idiopathic (in which case it is referred

to as moyamoya disease) or secondary related to
underlying disorders such as Down's syndrome,
sickle cell disease, neurofibromatosis type 1 or
cranial radiotherapy (in which it is referred to as
moyamoya syndrome). The clinical symptoms
include headache, transient ischaemic attack, AIS,
intracranial haemorrhage or silent cerebral
infarction.,

3. Metabolic stroke

Inborn metabolic disorders are generally caused
by spontaneous mutations or hereditary gene
defects resulting in biochemical alterations
involving one or more metabolic pathways. The
clinical features are non-specific, variable and
may at times mimic stroke.

4. Mitochondrial encephalopathy with
lactic acidosis and stroke like episodes
Patients with mitochondrial encephalopathy with
lactic acidosis and stroke-like episodes (MELAS)
syndrome are usually healthy at birth. Later, the
affected children exhibit delayed growth, episodic
vomiting, seizures and recurrent cerebral injuries
resembling stroke. These stroke-like events,
probably as the result of proliferation of
dysfunctional mitochondria in the smooth muscle
cells of small arteries may give rise to either

permanent or reversible deficits.

5. Hemorrhagic stroke

Hemorrhagic stroke is rare in children. The
reported incidence is approximately 1.2 per
100000 children per year. Hemorrhagic stroke
more commonly present with headache or altered
level of consciousness and vomiting, Traumatic
head injury, non-accidental injury, bleeding
disorders (hemophilia), arteriovenous malformations
and hemorrhagic neoplasms are some of the
leading causes of hemorrhagic stroke in children.

6. Venous stroke/thrombosis

Cerebral sinovenous thrombosis (CSVT) occurs in
0.41 per 100000 live-born infants and 40% of
pediatric patients with venous thrombosis have
venous infarction. Seventy percent of venous
infarctions are haemorrhagic. Clinically, infants
most commonly present with scizures and diffuse
neurological symptoms. Focal neurclogical signs,
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headache and alteration of consciousness are
typical symptoms in older children.

At-A-Glance Signs & Symptoms of Childhood
Stroke Syndromes*

Acuic Arcrial Bchense Strake

Mvatico descripaion Lty alesoF{paion
Hemiparess Wenk arm or beg, facial droop, peralysed one side
Aphaxis Siepmed speuking, lulking werm’ L Tl
o
I rparttma Shared spmach
Hemescnsosy hiss TMwmtmeas, tisgling un ane side af the body
Aomo Hemoarhegic Soroks
Meddicg! desoripiics Lay desoripaion
Hevers Headache Waorst hoadache of my B
Sudden loss of conscicuiness Codlnpsed, hard 0 wike up
Hemiplegia Parnlyzed on ane side, eyes going to one skie, face
Lsuering

Use the following tool to help you think fast to
diagnose childhood stroke syndrome and take
decision immediately:

F. Face Ask the child vo senile. Doss one side af the G dnoop?

A, A Ak the child to radse both arme. Does one arm deifl dowswand?

8. Speech Ask the child to repeat a simple sentence, Are the word slurmed?

T. Time If the child shows mny of those sympioms, time is importamd. The
hospatal fist ag brain cefl are dylog

Case History:

Figure 1 : MRI of 1st case

A 14 year old patient presented with sudden onset
of left-sided weakness and facial palsy. MRI brain
shows : A diffusion-weighted imaging (DWT) and
B apparent diffusion coefficient (ADC) map.
Hyperintensity on DWI (black arrow) and
corresponding  hypointense signal on ADC map
(white arrow) are compatible with restricted
diffusion over the right parietal region. Features
are suggestive of an acute infarct. C MRI
angiogram of the circle of Willis using the time of

0

(=]

flight technique reveals short segments of severe
stenosis in the proximal M1 segment of the right
middle cerebral artery (white arrow) and distal Al
segment of the right anterior cerebral artery (white
arrowhead).

Figure 2 : MRI of 2nd case

A 13 year old boy presented with recurrent
headache and repeated episodes of bilateral lower
limb weakness. MRI shows : A Fluid-attenuated
inversion recovery image shows hyperintensities
in the bilateral frontal periventricular white matter
(white arrows). B T2-weighted axial image shows
prominent serpiginous collaterals in the
parasagittal region (white arrow). C Magnetic
resonance arteriography confirms absent bilateral
internal carotid arteries associated and scvere
middle cerebral artery (MCA) stenosis
(arrowhead). Overall features are consistent with
moyamoya disease.

Figure 3 : MRI of 3rd case

A 4 year old girl presented with left-sided
weakness. The cause of infarcts was not apparent
at presentation but she was subsequently
diagnosed to have mitochondrial myopathy,
encephalopathy, lactic acidosis, and stroke
syndrome by biochemical tests. No basal ganglia
lesions were detected in this case. MRI shows : A
and B Fluid-attenuated inversion recovery coronal
images show multiple T2 hyper intensities in the
bilateral cerebral hemispheres involving the
bilateral insular cortices, left hippocampus and
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bilateral corona radiata (black arrows).

Figure 4 : CT scan of brain of 4th case

A 15 year old boy presented with sudden onset of
disorientation and right-sided weakness. CT scan
shows : unenhanced images A showing right
frontal lobe haemorrhage and perilesional white
marrow oedema (black arrow) and B showing
right epidural haematoma (white arrow). The boy
later was found to have haemophilia A.

Conclusion

Acute stroke syndrome in pediatric patient is a
rare but potentially devastating disease. Children
have a better ability to heal because of the greater
plasticity or flexibility of the child’s nervous
system and brain. A childs brain is still
developing; therefore it may have a greater ability
to repair itself. With the help of physical and
speech therapy, most childhood stroke survivors
recover the use of their arms, legs and speech.
However, because the incidence is still low in
comparison to adult strokes, and children are
distinctly different from adults, it remains a great
challenge to create evidence based diagnostic and
treatment guidelines. As there is widespread
decision disparity and low incidence of this
disease, future review or research needs nationally
and internationally. Until then, acute stroke should
remain a strong consideration in children with
concerning signs and symptoms and significant
risk factors, and best available evidence should be
utilized in providing optimal medical care.

References

0.1

02.

03.

03.

06.

07.

08.

09.

10.

Stroke in childhood clinical Guidelines,
2004, online monograph published by the
Royal College of Physician.
http://www.rcplondon.ac.uk/pubs/books/chil
dstroke.

Ichord RN. Stroke in Childhood. 2005 In:
Treatment of Pediatric Neurologic Disorders,
edited by Singer HS and Kossoff EH.
Baltimore : Dekker.

DeVeber G, Roach ES, Riela AR Wiznitzer
M. Stroke in children: recognition, treatment,
and future directions Semin Pediatr Neurol
2000; 7: 309-17.

Hutchison IS, Ichord R, Guerguerian AM
and deVeber G. Cerebrovascular disorders.
Semin Pediatr Neuro 2004; 111:139-46.

Riela AR and Roach ES. Etiology of stroke
in children, Journal of Child Neurology
1993; 201-20.

DeVeber G. In pursuit of evidence-based
treatments for paediatric stroke: the UK and
Chest guidelines, The Lancet Neurology
2005; 432-36.

Review article pediatric stroke: A review
hindawi publishing corporation emergency
medicine international. Volume 2011, Article
ID 734506, 10 pages doi: 10.1155/
2011/734506.

Postgraduate medical journal review imaging
in children presenting with acute
neurclogical deficit: stroke Postgrad Med J
doi:10.1136/postgradmed;-2011-130087

Imaging in children presenting with acute
neurological deficit: stroke Postgrad. Med. .
April 13, 2012-2011-13008 7Tv-postgradmedj-
2011-130087

Emergency medicine international, pediatric
stroke: A review: Daniel S. Tszel and Jonathan
H. Valente2 Volume 2011 (2011), Article ID
734506, 10 pages doi:10.1155/2011/734506.



IBMCJ

Vol.2, No.1, January 2011

11.

12,

13.

14.

Hi
ol

Williams GR. Incidence and characteristics
of total stroke in the United States BMC
Neurol. 2001;1:2.

Roach SE et al. Management of stroke in
infants and children: A scientific statement
from a special writing group of the American
Heart Association stroke council and the

Council on cardiovascular discasc in the
young. stroke 2008; 39: 2644 — 91.

Fullerton HJ, Wu YW, Zhao S, Johnston SC.
Risk of stroke in children: ethnic and gender
disparities. Neurology 2003; 61:189-94.

Lee Y et al. Risk factors and outcomes of
childhood ischemic stroke in taiwan. Brain
and Development 2007; 30: 14-9.



