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A b s t r ac t
Background: In different geographical regions, the clincoetiological spectrum of childhood stroke varies widely and studies from Eastern India
is lacking.
Objective: To determine the clinicoetiological spectrum of childhood stroke and their outcome.
Materials and methods: This study was conducted in a stroke clinic of a tertiary care hospital of Kolkata over a period of 18 months. All children
below 12 years diagnosed as stroke were included. On the basis of clinical examination, relevant laboratory investigations and radioimaging
etiologies were determined. Appropriate statistical methods were used to analyze the data gathered from these patients using a preformed
proforma.
Results: Among the 70 pediatric stroke patients, the most common clinical presentation was found to be hemiparesis (61.42%) followed by
seizure (30.00%) and aphasia (25.71%), respectively. Vasculopathies (30.00%) were found to be the most common etiology of childhood stroke
followed by infective meningoencephalitis and craniocervical trauma (14.28% each). Ischemic stroke comprised 71.4% of cases. During discharge,
20 cases (28.57%) showed complete recovery, whereas 40 cases (57.14%) had persistent neurodeficit [Pediatric Stroke Outcome Measure (PSOM)
score >1], 12 cases (17.14%) had recurrent stroke, 8 cases (11.42%) died, and only 2 (2.85%) patients were lost to follow-up. Out of those 40
cases having persistent neurodeficits during discharge had recovered too at follow-up at 18th month. At presentation PSOM score in 40 cases
(57.14%) was >5 and at follow-up at 18th month, only 8 cases (11.42%) had PSOM score of >5.
Conclusion: The commonest etiologies of stroke in pediatric patients presenting at our hospital were found to be intracranial vasculopathies,
infection, and trauma. Ischemic stroke was the predominant type. Eighteen-month follow-up showed complete recovery from acute neurological
deficits in most of the patients.
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I n t r o d u c t i o n

1

Stroke in the pediatric age group is an increasingly conceded
cause of significant long-term morbidity that creates a substantial
burden of illness on the affected individual as well as society at
large.1–3 Estimated annual incidence of childhood stroke is 1–6
per 100,000 children with 50% being the ischemic type including
arterial ischemic stroke (AIS) and cerebral venous sinus thrombosis
(CVT).4–6 Incidence in neonates is even higher at 1 in 3,000 to 5,000
live births.7–9 In 50–90% of children, neurological deficits persisted
in the form of motor, language, and cognitive deficits.10 Data
regarding specific etiology and outcome of childhood stroke are
sparse from the Asian countries.11 So, this study was undertaken to
determine the clinicoetiological profile and their outcome from a
tertiary care stroke unit in eastern India.

M at e r ia l s

and

M e t h o d s

This retrospective observational study was carried out in the
Stroke Clinic at Department of Neuromedicine at Bangur Institute
of Neurosciences, Kolkata, during the period of September 2017–
March 2019 after obtaining proper informed consent from parents
of the patients and ethical clearance from the institutional ethics
committee.
Patients below 12 years who presented with clinical features
suggestive of stroke (i.e., hemiparesis, aphasia, seizure, altered
consciousness, etc.), which was later confirmed by neuroimaging,
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were included in this study. Thorough history was taken and
detailed clinical examination was done on admission and recorded
in a predesigned and pretested format. Complete hemogram,
lipid panel, liver function tests, coagulation profile, thrombophilia
profile, autoimmune profile, triple viral serologies (HIV, hepatitis
B, hepatitis C), cardiac evaluation, cerebrospinal fluid analysis in
some cases, high-performance liquid chromatography, computed
tomography scan brain, magnetic resonance imaging (MRI) brain
(3 Tesla), magnetic resonance angiography (MRA)/venography
(MRV), and digital subtraction angiography (DSA) were done where
indicated. All the patients were rigorously monitored during their
hospital stay and then they were periodically followed up to 18
months’ post-discharge.
The outcome of these children was assessed and recorded at
two different time frames—at presentation and again at 18 months
of follow-up, with the help of the Pediatric Stroke Outcome Measure
(PSOM) scale for disability assessment in stroke, dividing into three
groups—complete recovery, persistent neurodeficit, and death.12
Pediatric Stroke Outcome Measure is a well-known scoring system
widely used to assess neurological recovery in pediatric patients
after stroke. It comprises five subscales: right sensorimotor, left
sensorimotor (each with subcategories), language production,
language comprehension, and cognitive/behavioral. A total score
ranging from 0 (no deficit) to 10 (maximum deficit) is given based
on the sum of the five subscale scores.
All data were collected, compiled, and subjected to analysis
using Microsoft Word and Excel 2007.

R e s u lts
A total of 70 patients were included in this study out of which
there were 46 males (65.71%) and 24 females (34.28%). The mean
age of these patients was 6.12 ± 3.5 years and the median age was
6.5 years.
A total of 50 cases (71.42%) had AIS, 16 (22.85%) had
hemorrhagic stroke, and 4 (5.71%) had CVT. Regarding the
etiologies, vasculopathies were found to be the most common
one (21 cases, 30%) followed by intracranial infection and head
and neck trauma (10 patients, 14.28% in each group), followed
by prothrombotic state (9 cases, 12.85%), cardiac (7 patients,
10%), central nervous system (CNS) vasculitis (5 cases, 7.14%),
hematological [4 cases, 5.71%; 2 cases of acute lymphoblastic
leukemia (ALL), 1 case of immune-mediated thrombocytopenic
purpura (ITP), and 1 case due to thrombocytopenia secondary to
dengue hemorrhagic fever], hypertension [2 cases, 2.85%, one due
to Liddle syndrome and the other due to fibromuscular dysplasia
(FMD) of renal arteries], and metabolic [2 cases, 2.85%; both due
to mitochondrial encephalopathy, lactic acidosis, and stroke-like
episodes (MELAS)].
Among vasculopathies, moyamoya angiopathy (MMA)
topped the list with 14 cases (20% of total case pool) followed
by arterioveinous malformation (AVM) (2 cases), vascular
malformation associated with Down’s syndrome (2 cases) and with
neurofibromatosis (2 cases), and 1 case of aneurysm. Among the 14
cases of moyamoya vasculopathies, 12 cases were ischemic infarct
and 2 cases had intraventricular hemorrhage.
Among CNS infections, tubercular etiology topped the list
with eight cases (11.42% of total case pool) followed by one case
of Japanese B encephalitis and one case of herpes simplex virus
(HSV)-2 encephalitis. Amidst tubercular CNS infections, all eight

cases had tubercular vasculitis, six cases had associated tubercular
meningitis, and four cases had associated tubercular granuloma.
Though hemiparesis was commonest presentation in infective
cases, concomitant presence of headache and vomiting was found
in 7 out of 10 cases.
Amidst craniocervical trauma, four (5.71% of total cases)
cases presented with hemorrhagic stroke and other six (8.57%
of total cases) presented with ischemic infarct (four cases of
basal ganglia infarcts and two cases of large artery stroke due
to dissection of carotid and vertebral artery). Out of nine cases
of prothrombotic states, anti-phospholipid antibody syndrome
(APLAS), factor deficiencies, and dehydration as the potential risk
factors for prothrombotic state leading to AIS were found. Among
four cases of CVT (three females, 1 male), one case was following
ear infection, one was due to underlying secondary APLAS, one
was due to probable dehydration, and one was idiopathic. Out of
seven cases of cardiac causes of stroke, five (7.14%) cases were due
to congenital heart diseases and two (2.86%) cases had patent
foramen ovale. Out of five cases of CNS vasculitis, it was found that
Kawasaki Disease, Henoch Schonlein purpura (HSP), polyarteritis
nodosa (PAN), systemic lupus erythematosus (SLE), and probable
primary CNS vasculitis all had singular case. Sixteen patients of
hemorrhagic stroke revealed trauma being the most common (four
cases, 25%) etiological burden followed by three cases (18.75%) of
AVM rupture, two cases (12.50%) of hypertensive hemorrhage (one
Liddle syndrome, one fibromuscular dysplasia), two cases (12.50%)
of MMA, four cases (25%) bleeding diastheis, and one case (6.25%)
of aneurysmal rupture. Table 1 shows the etiologic distribution of
stroke across the study sample.
Hemispherical distribution revealed that in 38 cases (54.28%),
left hemisphere was involved and in other 32 cases (45.71%), right
hemisphere was involved. Regarding distribution of the cases
according to their localization it was observed that in 33 cases
(47.14%) had subcortical stroke, in 21 cases (30%) the involvement
were purely cortical, and in another 10 (14.2%) cases involvement
was cortical with subcortical extension or vice versa (vide Table 2).
Out of 21 pure cortical strokes, 10 (47.6%) cases had MMA, 3 (14.2%)
cases had CVT, 3 (14.2%) cases had cortical hemorrhage (2 bleeding
diasthesis, and 1 AVM rupture), and 5 (23.8%) cases had other
causes of AIS.
Hemiparesis (43 cases, 61.42%) was the most common
presenting symptom of childhood stroke found in this study,
followed by seizure (21 cases, 30%), aphasia (18 cases, 25.71%),
headache (14 cases, 20.00%), visual impairment (7 cases, 10.00%),
altered consciousness (7 cases, 10.00%), and movement disorder
(3 cases, 4.28%) respectively. Interestingly, preceding febrile
illness were seen 17 cases (24.28%). Of the 50 cases of AIS, 36
cases (72.00%) had hemiparesis, 14 cases (28.00%) had some form
of aphasia, 15 cases (30.00%) had seizures, and 6 cases (12.00%)
had visual abnormality at the time of presentation (vide Table 3).
Interestingly, all the cases of CVT and 60% of the cases of acute
hemorrhagic stroke and only four of the ischemic strokes (all due
to MMA) presented with headache.
Regarding outcome assessment, we found that out of 70
children only 8 cases (11.42%) died, 2 cases (2.85%) were lost to
subsequent follow-up, and 12 cases (17.14%) had recurrent stroke.
Among the 12 cases of recurrent stroke, 8 cases were due to MMA,
2 cases were due to recurrent AVM rupture, and other 2 cases were
due to MELAS. Complete recovery from neurodeficit was found in
20 cases (28.57%). Of the rest 40 patients, PSOM was <5 in 32 cases

Indian Journal of Physical Medicine & Rehabilitation, Volume 30 Issue 3 (July–September 2019)

75

Pediatric Stroke: The Clinical and Etiological Spectrum
Table 1: Distribution of pediatric stroke patients according to various
etiologies
Etiologies
1. Vasculopathies
(a) MMA
(b) Isolated AVM
(c) AVM associated with Downs
(d) AVM associated with NF-1
(e) Rupture of aneurysm
2. CNS infections
(a) TB
(b) Japanese-B encephalitis
(c) HSV-2 encephalitis
3. Craniocervical trauma
4. Prothrombotic state
(a) Primary APLAS
(b) Secondary APLAS
(c) Protein-C, S deficiency
(d) Hyperhomocysteinemia
(e) Anti-thrombin 3 deficiency
(f ) Idiopathic
5. Cardiac causes
(a) Congenital heart diseases
(b) Patent foramen ovale
6. Vasculitis
(a) Kawasaki
(b) HSP
(c) PAN
(d) SLE
(e) Primary CNS vasculitis
7. Hematological
(a) ALL
(b) ITP
(c) Dengue hemorrhagic fever
8. Hypertension
(a) Liddle syndrome
(b) FMD of renal arteries
9. Metabolic causes
MELAS

Cases (%)
21 (30)
14 (20)
2 (2.85)
2 (2.85)
2 (2.85)
1 (1.42)
10 (14.28)
8 (11.42)
1 (1.42)
1 (1.42)
10 (14.28)
9 (12.85)
2 (2.85)
2 (2.85)
2 (2.85)
1 (1.42)
1 (1.42)
1 (1.42)
7 (10)
5 (7.14)
2 (2.85)
5 (7.14)
1 (1.42)
1 (1.42)
1 (1.42)
1 (1.42)
1 (1.42)
4 (5.71)
2 (2.85)
1 (1.42)
1 (1.42)
2 (2.85)
1 (1.42)
1 (1.42)
2 (2.85)
2 (2.85)

Table 2: Distribution of stroke cases according to localization
Location
Subcortical
Pure cortical
Cortical with subcortical extension

Cases (%)
33 (47.14)
21 (30)
10 (14.2)

(45.71%) and PSOM was >5 in only 8 cases (11.42%) at 18 months
(vide Table 4).

D i s c u s s i o n
Stroke in children was previously considered to be rare and
frequently misdiagnosed largely owing to low level of suspicion by
clinicians and the frequent subtlety of the symptoms with which
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Table 3: Distribution of stroke patients according to clinical features
Clinical features
Hemiparesis
Seizure
Aphasia
Headache
Visual impairment
Altered consciousness
Movement disorder
Preceding febrile illness

Infarct
36
15
14
4
6
4
3
10

Hemorrhage
5
3
4
6
0
2
0
7

CVT
2
2
0
4
1
1
0
0

Table 4: Distribution of cases according to outcome at 18th month of
follow-up
Outcome
Complete recovery
Persistent neurodeficit
(A) PSOM score >5
(B) PSOM score < 5
Recurrent stroke
Death during course of study
Lost to follow-up

Number (%)
20 (28.57)
40 (57.14)
8 (11.42)
32 (45.71)
12 (17.14)
8 (11.42)
2 (2.85)

cases presented with and this resulted in significant long-term
morbidity in these patients. A report by Braun et al.13 showed that
delay in the diagnosis of stroke in 19 out of 45 children ranged
from 15 hours to as long as 3 months after initial presentation.
Gabis et al.14 also demonstrated that mean elapsed time from
presenting symptom to initial imaging was a total of 35.7 hours
(median: 12 hours; range: 0.1–300 hours). A mean lag of 28.5
hours (median: 5.5 hours; range: 0–240 hours) till first encounter
with a healthcare provider and an extra mean delay of 7.2 hours
(median: 6.6 hours; range: 0–60 hours) in getting a brain imaging
done after presentation. Difficulties at levels of the parents, school
personnel, or caregiver, in recognizing the graveness of various
subtle symptoms, resulted in delayed healthcare contact. The
initial symptom can be a common complaint, such as headache
or fatigue, and the child might not complain.14 However, studies
have shown that the incidence of pediatric stroke has increased to
almost double of that from the prior decades.15 This can be ascribed
to a multitude of factors such as increased survival in children
with risk factors for stroke, such as congenital heart disease, sickle
cell disease, and leukemia, increased awareness among clinicians
and people, and greater availability of advanced diagnostic and
therapeutic armories.
A few prospective and retrospective studies have been
reported from Southeast Asia,16–19 but our study differed from
their outcome in several ways. In our study, 50 (71.42%) patients
were of ischemic stroke and 16 (22.85%) patients were diagnosed
as a hemorrhagic stroke. This may be because ours being an
apex institute, most cases of hemorrhagic stroke are admitted
in the neurosurgery department for necessary action and hence
have been excluded from the study. Adequate identification and
determination of etiology is absolutely necessary as stroke can be
prevented in some children and treated in others. In our study,
vasculopathies were the most common etiology (30%), MMA
being the most common among them (20%). Other etiologies
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in decreasing order of frequencies were intracranial infections
(14.28%) followed by craniocervical arterial dissection (14.28%).
Tubercular meningitis was found to be the most common infective
etiology. Amlie-Lefond et al. 20 and Rosa et al. 21 in their review
on pediatric stroke revealed that apparently arteriopathy was
predominant underlying mechanism, causing 53% of pediatric
strokes. An Asian study by Lee et al.17 in 2008 also showed vascular
etiology (33%) as commonest and intracranial infection as the
second most common cause similar to our study. A study by Lee
et al.18 also showed vasculopathy (35.5%) to be the most frequent
etiology behind childhood strokes as in our study. However,
intracranial infection was found to be much lower down the order
compared to our study. Recent study conducted in India, by Patra
et al.16 and Patil et al.,22 found intracranial infection to be the most
frequent etiology of stroke, unlike ours. A study from Pakistan by
Siddiqui et al.23 also showed intracranial infection to be the most
frequent (56%) etiology of pediatric stroke. This discrepancy is
probably because our institute was a highest regional tertiary care
referral center and therefore there may a clustering of moyamoya
and other vasculopathies. The most common etiologic factors for
the ischemic stroke were protein C deficiency (9, 23.1%). The most
common etiologic factor for hemorrhage was bleeding disorders
in about 50% of patients.24 Tsze et al. reported cardiac disorders as
the most common etiological factor in childhood stroke accounting
for almost one-third of all cases followed by hematologic and
infective causes. They put vasculopathies and trauma much
behind as etiological factors. 25 In a Chinese prospective study
on pediatric stroke, Chung et al. also reported cardiac diseases
as most common etiologic factor followed by vasculopathies.26
Compared to the studies from Western region and many a study
from the Occident, distribution of the causative factor of pediatric
stroke unfurled dissimilar patterns. Cardiac diseases, sickle cell
disease, and major arterial dissections were the frequent most
underlying illnesses in previous reports from West,1,27–29 whereas
moyamoya vasculopathy was the most common etiology in this
study. As seen in earlier Asian series, high frequency of moyamoya
disease was found in this study.17,18,26,30 The International Pediatric
Stroke Study (IPSS) group analyzed 1,187 children with stroke31 with
varying ethnic composition, vasculopathies, and cardiac diseases
were the predominant causes. Moyamoya disease accounted for
merely 6% in this group. 31 Recent most assessment report of the
IPSS for risk factors included arteriopathies (53%), cardiac disorders
(31%), and infection (24%) followed by acute head and neck disorder
(dissection) and acute or chronic systemic illnesses.32
Treatment is influenced by the etiology of stroke, especially
in cases of moyamoya diseases; hence, it is necessary to establish.
Patients with moyamoya disease are offered surgical intervention
as definitive therapy. 33,34 Kim et al. have demonstrated a need for
earliest possible surgical intervention to prevent poor outcome
and rapid disease progression. 35 Therefore, especially in East
Asia, moyamoya disease should always be suspected in a child
presenting with sudden-onset focal neurodeficit and they should
be evaluated promptly by MRA to make a certain therapeutic plan.
Cardiac diseases have also been reported to be an important cause
of ischemic stroke in children.1,26,36,37 In contrast, we only had 10%
of cases with a cardiac etiology behind their stroke, and were
associated with poor outcomes. The frequency of cardiac diseases
in this study was higher than the 6.1% reported in a previous study
of Korean children. 30 This discrepant finding had three robust
explanations: (1) incidence of strokes from cardiac diseases has

truly declined over the last decade because of early diagnosis and
treatment of the primary cardiac defect and (2) due to selection bias,
(3) this was probably because of lack of availability of sophisticated
tools in our setting to pick up cardiac causes of childhood stroke.
An increased risk of pediatric stroke has been seen with some
inherited metabolic disorders. Many of the cases of pediatric
strokes having unknown etiology actually has these disorders
underneath. Treatment can be provided for these cases if correctly
diagnosed.38,39 We found two patients with stroke caused by MELAS
and one with homocysteinemia. The exact mechanopathology
of stroke-like episodes in MELAS is unknown. It has been
thought that due to aberrant accumulation of mitochondria in
vascular endothelium and smooth muscle cells, mitochondrial
angiopathy occurs that leads to ischemic lesions in MELAS. 40
Other rare conditions associated with metabolism that increase
the risk of stroke include organic aciduria, urea cycle disorders,
and Fabry disease, but none of our patients had any of these
conditions. Etiological background was shown in previous studies
to be pervasively related to chances of recurrent stroke and final
outcome. Patients with MMA, embolic stroke, and stroke due to
systemic illness had poorer outcomes compared to patients with
nonprogressive arterial disease.36 Protein C-deficient state, elevated
lipoprotein-(a) levels along with vasculopathies were associated
with increased risk of stroke recurrences.41 In the present study,
the risk of recurrence was varied with cardiac disease, metabolic
disorder, and vasculopathy, similarly to previous studies.
Central nervous system infections commonly manifested as
ischemic stroke in our study population. Inflammatory mechanisms
often coexist with infections. This can activate the coagulation
cascade by several pathways, viz., increased expression of
thromboplastin by monocytes and macrophages,42 increased
serum level of tumor necrosis factor which can affect pro-coagulant
function of endothelium, increased levels of clotting factors like
fibrinogen, or by inhibition of anticoagulation systems involving
Protein C and Protein S.42–46 Thus, we often find the mechanism
of stroke in intracranial infection is often some form of vascular
catastrophe.
Postvaricella angiopathy, rarely considered an important cause
of pediatric ischemic stroke, often manifest weeks or months after
an uncomplicated chicken pox illness.47,48 Radioimaging features
of postvaricella angiopathy include basal ganglia infarction
and stenosis of various portions of circle of Willis. Postvaricella
angiopathy in childhood gives rise to recurrent TIAs or strokes.
However, in our study cohort we did not get any such case.
Fullerton et al. demonstrated that craniocervical arterial
dissection (CCAD) in the pediatric age group usually presents with
symptoms of acute ischemic stroke (AIS) or transient ischemic
attack (TIA).49 Exposure of uncovered endothelial collagen to
naked von-Willebrand factor and activated tissue thromboplastin
results in when intimal layers of a vessel wall gets split up due to
dissection. This results in fibrin formation, platelet adhesion, and
thrombus formation and propagation. Ischemia occurs due to
vaso-occlusion at the site of dissection or from clot dislodgement
and upstream embolus formation. 50 Aneurysmal dilatation,
occurring secondary to impaired integrity of the vessel wall and
persistent arterial pressure occlusion, frequently appears in the
C1-C2 vertebral artery dissection in children. It is common due to
aneurysmal dilatation preceded by persistent pressure occlusion
and altered vessel wall integrity.50,51 Extracranial dissection and
intracranial dissection are the two types of CCADs in childhood and
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have different risk factors and treatment. Almost 5–25% of ischemictype childhood strokes are caused by extracranial dissections, often
post-traumatic. Craniocervical arterial dissection was an important
cause of childhood stroke in our study cohort. Four cases had basal
ganglia stroke due to intracranial dissection and two cases had
large artery infarct. Craniocervical arterial dissections involving
anterior circulation usually present with hemiparesis, aphasia,
or other focal neurodeficits. On the contrary, vertebrobasilar
dissection (posterior CCADs) can present with myriad of clinical
features ranging from mild disequilibrium to loss of consciousness/
coma as seen in our patients. Hence, diagnosing posterior CCADs
become quite defying. History of recent trauma and/or lower cranial
nerves affection should be taken as clues. Early evidence suggests
that posterior CCADs are more prevalent than anterior CCADs in
pediatric ischemic stroke.52 Interestingly, as observed in cases of
this study, diffuse headache is more common in children with CCAD
unlike in adults where neck pain is a prominent complaint. 53,54
Difficulties in establishing definitive diagnosis bar the assessment
of prevalence of intracranial dissection in childhood. Intracranial
transient focal cerebral arteriopathy (FCA), occurring in up to 80%
of previously healthy children with AIS, has been the main focus of
recent literatures.20 Various evidences suggested that an infective
or para-infectious process may be likely to cause many of these
transient FCAs, rather than dissections. 20 However, CCADs are
enforced to be the cause of these transient FCAs in recent literatures
(Dlamini et al.).55
Central nervous system vasculitis, a rare cause of stroke in
children, may be associated with systemic connective tissue
disorders as SLE, polyarteritis nodosa, Takayasu’s arteritis,
juvenile rheumatoid arthritis, or inflammatory bowel disease. 56
Isolated angiitis of the central nervous system (IACNS) occurs
in children either as a predominantly small vessel process or
involving large arteries. 57 Leptomeningeal biopsy should be
performed in suspected cases of IACNS prior to committing a
child with arterial stenosis to immunosuppressant therapy. We
got five cases of vasculitic infarcts. All improved significantly with
immunosuppressive therapy.
On close observation of nine cases (12.85%) of prothrombotic
states, we found primary APLAS (two cases), secondary APLAS
(two cases), factor deficiencies (four cases), and dehydration (one
case) as the potential risk factors for prothrombotic state leading
to AIS. Various systemic conditions of childhood and dehydration
often lead to intravascular volume depletion with increased risk
of thrombogenesis. However, pediatric stroke may be linked with
several thrombophilic conditions and a myriad of more serious
primary or secondary hematological disorders. Platelet disorders
including thrombocytosis can be associated with AIS. In older
infants, iron deficiency anemia has been linked up with increased
risk for stroke.58 Thrombophilias have been identified in one-third to
half of children with AIS.29 Thrombophilias often accompany other
factors influencing stroke in children. 59 Antiphospholipid (a-PL)
antibodies, including lupus anticoagulant (LAC) and anti-cardiolipin
(a-CL), are risk factors for neonatal stroke and prothrombotic
states have been found to be associated with delayed diagnosis of
ischemic stroke in newborns.60 The prothrombin gene mutation,
factor V Leiden (fVL) mutation, deficiencies in protein C, protein S,
anti-thrombin III, in children, have been reported to cause ischemic
stroke and bad fetomaternal outcome. Majority of thrombophilias
that resulted in pediatric strokes are acquired and seldom of primary
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origin. Although a-CL antibodies are found in up to one-third
cases of childhood stroke, apparently they do not predict risk of
recurrence.61 Lupus anticoagulants are present in patients with
lupus but rarely found in healthy children. Brey et al. reported that
about in 1/4th of patients with first ever stroke a-PL antibodies
were present.62 In a study by Angelini et al.,63 75% of children with
idiopathic cerebral ischemia were positive for a-PL antibodies. We
got one case of hyperhomocysteinemia in a case of homozygous
A1298C gene mutation. Hyperhomocysteinemia is a potential risk
factor for ischemic stroke in children as stated in their study by van
Beynum et al. and Terwecoren et al.64,65
In regard to clinical symptoms of stroke, we have found in
our study that hemiparesis (67.10%) is the commonest presenting
feature with next most common being seizures (28.57%) and
aphasia (25.71%), respectively, which was similar to the finding from
study by Patra et al.,16 Patil et al.,22 and Lee et al.18 Seizure was the
most frequent presenting symptom in the Chinese study by Chung
et al.26 Signs of raised intracranial tension such as vomiting, altered
consciousness, and fever were found to be significantly associated
with stroke patients with infectious etiologies. Noninfectious
etiologies usually presented with a focal neurological deficit
(hemiparesis). While headache actually had significant association
with CVT.
In our study, we used the PSOM scale for categorization and
assessment of poststroke outcome. Complete recovery from
neurodeficit [PSOM score 0 (zero)] was noted in 20 cases (%),
whereas 40 cases (%) had persistent neurodeficit (PSOM <5 32
cases, and PSOM > 5 8 cases). Twelve cases (17.14%) had recurrent
stroke and eight cases (11.42%) died and only two (2.85%) patients
were lost to follow-up. More importantly, those 40 cases who had
persistent neurodeficits at follow-up at 18th month had recovered
too. Regarding the outcome, in the study by Lee et al.17 neurological
deficits were shown to be present in 45% of the children; the most
frequent deficit was motor impairment (24%). Another salient
observation of our study was that the cases of stroke following
craniocervical trauma had shown excellent recovery profile with
standard management; especially, the aphasia in these cases
improved splendidly within few weeks on most occasions. This
is, in part, probably due to neuronal plasticity or bihemispheric
representation of language. It was also seen that most of the
patients with a noninfectious cause of stroke completely recovered
from neurodeficit, whereas majority of the mortality were due to
an infectious etiology. Noninfectious etiology thus predicted a
better outcome.
The limitation of this study is a retrospective study design
conducted in a single tertiary care center, and not all patients
underwent uniformed evaluation, which could result in diagnostic
bias. However, it is one of few reports of a relatively large Asian
childhood stroke series, including a comparatively large number
of moyamoya disease and MELAS patients. Second, as this is a
retrospective, observational study, prevalence and incidence
cannot be drawn conclusively from these data alone. These data
being taken solely from a tertiary care setting cannot be projected
to the general population. Some degree of recall bias is also present
in our study as this being a retrospective study only, history from
the caregiver cannot be relied upon completely. For further
understanding the pathophysiology and improving the therapy of
childhood ischemic stroke, large-scale clinical trials and continued
research will be needed.
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C o n c lu s i o n
Ischemic stroke is fairly common in childhood compared to
hemorrhagic stroke. Among AIS, vasculopathies are the commonest
etiological factor. Among vasculopathies, moyamoya disease is
quite common in childhood and high degree of clinical suspicion
is necessary as this entity was considered rare even a decade
ago. Infectious etiology of childhood stroke is an important
consideration as presentation is atypical and prognosis is bad.
Ischemic stroke in craniocervical trauma is common and dissection
of major vessels has to be kept in mind. Proper diagnosis, early
institution of treatment, and integrated approach of childhood
stroke management usually fetch good outcome though outcomes
depend on etiologies as well.
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