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ABSTRACT

Background. This study aimed to evaluate the etiology and prognosis of patients followed up for pediatric
acute arterial ischemic stroke.

Methods. The clinical characteristics and etiology of patients aged 1 month-18 years who had acute arterial
ischemic stroke between January 2010 and December 2020 were retrospectively evaluated. At last follow-up, the
patients’ functionality (Barthel Index, Functional Independence Measure), quality of life (SF-36 questionnaire),
and motor outcomes (Gross Motor Function Classification System) were recorded prospectively/cross-
sectionally.

Results. Forty children (25 boys) with a median current age of 112.5 months (range: 3.6-294) were included in
the study. The most frequent etiology was prothrombotic disorders, and the most important factor associated
with long-term mortality was valvular heart disease. Of the 27 (67.5%) surviving patients, 29.6% had positive
motor outcomes and 29.6% were independent according to the Barthel Index. In terms of quality of life, SF-36
scores were highest in the pain scale and lowest in emotional role difficulty.

Conclusions. Determining the etiology and evaluating prognosis are important to plan effective treatment and
rehabilitation for pediatric acute arterial ischemic stroke.
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Arterial ischemic stroke (AIS) accounts for rate of pediatric stroke is 10-40%, with more
almost half of all strokes in children.! Recent than half of survivors developing a major
epidemiological data show that the annual

incidence of pediatric stroke has increased . . . i .
to 1.2:8/100000 children? The mortality epilepsy.*® Cardiac disorders, arteriopathies,

and rheumatologic, metabolic, infectious, and

neurologic deficit and 15-50% developing

B genetic diseases are the common risk factors for
B Fatih Mehmet Akif Ozdemir L. . .
fatihmehmetakif@hotmail.com pediatric stroke."?*¢12 In this study, we aimed to

Received 19th April 2022, revised 18th July 2022, evaluate the etiological profiles, functionality,

14th September 2022, accepted 7th December 2022. and quality of life, and motor function of

This study was presented as a poster at the 17th

International Child Neurology Congress in Antalya,
Tiirkiye in 3-7 October 2022. single center.

pediatric patients followed for acute AIS in a

The Turkish Journal of Pediatrics * March-April 2023 309


https://orcid.org/0000-0003-4820-1234
https://orcid.org/0000-0002-7309-3215
https://orcid.org/0000-0003-4109-2143
https://orcid.org/0000-0003-4039-2902
https://orcid.org/0000-0002-1401-5233
https://orcid.org/0000-0003-1829-5348
https://orcid.org/0000-0003-2434-1398
https://orcid.org/0000-0001-8990-023X
mailto:fatihmehmetakif@hotmail.com

Ozdemir FMA, et al

Material and Methods

Pediatric patients between the ages of 1
month and 18 years diagnosed with acute AIS
were identified by retrospective review of
pediatric neurology consultation notes taken
between January 2010 and December 2020 at
the University of Health Sciences Dr. Sami
Ulus Maternity and Children’s Training and
Research Hospital which is a tertiary care
hospital in Ankara, Tiirkiye. Arterial ischemic
stroke was identified as an acute neurological
deficit (or isolated seizures in the infants <6
months) with acute infarct(s) corresponding
to the arterial regions determined by magnetic
resonance imaging (MRI).> Excluded from the
study were patients whose records could not
be accessed, patients with metabolic stroke
in the absence of primary cerebrovascular
involvement (e.g., organic academia), and
patients with transient ischemic attack
without infarct, hypotensive watershed injury,
reversible hypertensive leukoencephalopathy,
or diffuse hypoxic encephalopathy. The
patients were evaluated retrospectively
in terms of current age, age at the time of
diagnosis, sex, parental consanguinity, family
history of stroke, initial clinical presentation,
laboratory findings, imaging findings (MRI,
computed tomography), vascular involvement
pattern/trace, electroencephalogram (EEG),
comorbidities, treatments, follow-up period,
and prognosis.

In treatment, the use of heparin is preferred
in patients with high risk of recurrence and
patients without bleeding risk. The use of
heparin in AIS is indicated in patients with
arterial dissection, prothrombotic risk, and
embolism risk associated with congenital or
acquired heart diseases. The use of warfarin
in children is recommended in the presence of
congenital or acquired heart disease, arterial
dissection, and recurrence despite aspirin
therapy.”
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The patients were divided into three groups
according to age at AIS (1 month to <2 years,
2 to <5 years, and 25 years) to enable statistical
analysis. The following patient data at initial
presentation to the hospital were evaluated:
complete blood count, serum glucose, serum
electrolytes, blood urea nitrogen, creatinine,
liver function tests, erythrocyte sedimentation
rate, C-reactive protein (CRP), lipid profile,
coagulation parameters, metabolic screening,
tests related to infectious and vasculitis etiology,
electrocardiography, and echocardiography.
Additional data included in the analysis were
lipoprotein (a), protein C, protein S, fibrinogen,
antithrombin III, homocysteine, and factor
VII, VIII, IX, XL, XII, XIII levels, active protein
C resistance, anti-cardiolipin antibodies,
antiphospholipid antibodies, genetic analyses
for factor V Leiden, prothrombin G20210A, and
methylenetetrahydrofolate reductase (MTHFR)
C677T and A1298C mutations, and any other
genetic examinations, if performed.

Of these parameters, protein C, protein S,
and antithrombin III levels were considered
significant if still low at 3 months after AIS.
Lipoprotein (a) level higher than 30 mg/dL,
homocysteine level higher than 27.9 mmol/
L" and factor VIII level higher than 150%
were accepted as risk factors. Homozygous
MTHER C677T mutation was accepted as a risk
factor on its own, while heterozygous MTHFR
C677T, and homozygous or heterozygous
MTHFR A1298C mutations were considered
a risk factor if accompanied by elevated
homocysteine. Among the prothrombotic risk
factors, we also evaluated dyslipidemia because
of its prothrombotic mechanism of action."'>
Lipid profile risk factors were defined as total
cholesterol above 200 mg/dL, low-density
lipoprotein (LDL) cholesterol above 130 mg/
dL, triglycerides above 100 mg/dL for children
aged 0-9 years and above, 130 mg/dL for those
aged 10-18 years, and high-density lipoprotein
(HDL) cholesterol below 40 mg/dL.” Apart
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from prothrombotic risk factors, sickle-cell
anemia, hemolytic anemia, polycythemia and
thrombocytosis were accepted as hematologic
risk factors.® Polycythemia was defined as a
hemoglobin level above the 97* percentile for
the patient’s age.”!

Mortality status was ascertained from medical
records or phone calls. Deaths occurring during
the patient’s first hospitalization were classified
as acute mortality, and all deaths including
those that occurred after discharge were defined
as long-term mortality.

At last follow-up, surviving patients (n=27)
underwent a prospective, cross-sectional
prognostic evaluation including functional
assessment using the Barthel Index and WeeFIM
(Pediatric Functional Independence Measure)
and quality of life evaluation using the Short
Form 36 (SF-36) quality of life questionnaire.”**
Full independence according to the Barthel
Index was evaluated as a positive prognosis.
Moreover, motor disability was measured
using the Gross Motor Function Classification
System (GMFCS). A GMFCS score of 1 was
accepted as a positive motor outcome. The
WeeFIM is an 18-item ordinal instrument that
measures functional performance in the motor
and cognitive domains. Items are rated from
level 1 to 7, where level 1 represents complete
dependence, and at level 7 the child completes
the task independently without the need for
any assistance or device and with no concern
regarding safety or taking a prolonged amount
of time. Due to the COVID-19 pandemic,
assessments of functional ability and quality
of life were done by telephone interview. In
addition, the presence of aphasia, hemiplegia,
recurrence, and epilepsy were recorded at last
follow-up.

Statistical methods

Data were analyzed using IBM SPSS version
23. Data distributions were examined with
Shapiro-Wilk test. Comparisons of categorical
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data between groups were made using chi-
square and Fisher’s exact tests. In comparisons
of quantitative data between dichotomous
groups, independent two sample t-test was
used for normally distributed data and Mann-
Whitney U test for non-normally distributed
data. Risk factors associated with mortality
were examined using binary logistic regression
analysis. Backward: Wald model was used
to include independent risk factors in the
multivariate model. Results were presented
as mean, standard deviation, median, and
range for quantitative data and as frequency
and percentage for categorical data. Statistical
significance was accepted at the p<0.05 level.

Ethical approval

Ethics committee approval was obtained for the
study (date: 07 April 2021, protocol number:
E-21/04-143, decision number: 2020-KAEK-
141/147, University of Health Sciences, Dr.
Sami Ulus Training and Research Hospital). All
procedures were performed in accordance with
the ethical standards of the institutional and/or
national research committee and with the 1964
Helsinki declaration and its later amendments
or comparable ethical standards. Informed
consent was obtained from the parents or
guardians of the patients in the prospective part
of the study and assent was obtained from the
patients themselves when appropriate.

Results

A total of 40 children were included in the study,
25 of whom were male. The most common
presenting symptom was seizure. Selected
demographic and clinical characteristics of the
patients are summarized in Table L.

Multiple risk factors were present in 85% of the
patients, and the most frequent etiologic risk
factor was prothrombic factors, seen in 67.5%
patients. The most common prothrombotic
factor in our patients was low HDL cholesterol

311



Ozdemir FMA, et al

(n=14, 35%), followed by high triglycerides
(n=11, 27.5%), presence of lupus anticoagulant
(n=7, 17.5%), homozygous MTHFR C677T
mutation (n=4, 10%), heterozygous factor
V Leiden mutation (n=3, 7.5%), high total
cholesterol (n=3, 7.5%), high lipoprotein (a)
(n=2, 5%), high factor VIII level (n=2, 5%), high
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LDL cholesterol (n=2, 5%), protein C deficiency
(n=1, 2.5%), protein S deficiency (n=1, 2.5%),
anti-cardiolipin IgG/IgM positivity (n=1, 2.5%
for each), anti-phospholipid IgG positivity (n=1,
2.5%), heterozygous prothrombin G20210A
mutation (n=1, 2.5%), and presence of activated
protein C resistance (n=1, 2.5%).

Table I. Patient demographics and clinical characteristics (n=40).

Current age (months), mean+SD, median (range)

Age at initial presentation (months), mean+SD, median (range)

Sex (male), n (%)
Parental consanguinity, n (%)
Family history of stroke, n (%)
Risk factors, n (%)
Prothrombotic disorders
Cardiac disorders
Infections
Hematologic disorders
Arteriopathy/rheumatologic diseases
Genetic diseases
Metabolic diseases
Multiple risk factors
Presenting symptoms, n (%)
Seizure
Motor deficit/weakness
Sensory abnormalities*
Change in consciousness
Headache
Ataxia
Chorea
Ocular motility disorder*
Diplopia
Treatment, n (%)
Heparin
Low molecular weight heparin
Aspirin
Warfarin
Others
Outcomes, n (%)
Aphasia
Hemiplegia
Development of epilepsy
Recurrence

Acute/Long-term (overall) mortality

116.4 +72.8, 112.5 (3.6-294)
69.4 +62.1, 45 (1.2-204.7)
25 (62.5)

18 (45)

6 (15)

27 (67.5)
26 (65)
13 (32.5)
12 (30)
5 (12.5)
3(7.5)
1(2.5)
34 (85)

17 (42.5)
10 (25)
1(2.5)
3(7.5)
1(2.5)
2(5)
2(5)
2(5)
2(5)

Initial: 5 (12.5)

Initial: 20 (50), Ongoing: 21 (52.5)
Initial: 8 (20), Ongoing: 12 (30)
Initial: 1 (2.5)

Initial: 6 (15), Ongoing: 7 (17.5)

1(2.5)
16 (40)
24 (60)
3(7.5)
6 (15) /13 (32.5)

*Numbness in the right leg and tongue, **Outward deviation of the left eye in one patient and strabismus in another patient
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Initial treatment consisted of heparin in
five patients (12.5%), low molecular weight
heparin (LMWH) in 20 patients (50%), aspirin
in eight patients (20%), and warfarin in one
patient (2.5%) (Table I). Heparin was used in
five patients, most of whom had multiple risk
factors (predominantly cardiac; metabolic in
one patient), due to suspicion of high recurrence
risk. Warfarin was used as the initial treatment
in one patient who was followed for cardiac
disorder and continued with LMWH during
follow-up.

MTHFR polymorphisms without
hyperhomocysteinemia are not associated
with cerebral stroke. Homocysteine data were
available for 16 of the 17 patients with MTHFR
polymorphisms. In these 16 patients, the
mean homocysteine level was 8.7+2.8 mmol/L
(median: 8.7, range: 4-14.6). Homozygous
MTHFR C677T mutation was a risk factor
in only four patients (10%). The MTHFR
polymorphisms detected in the other patients
were not considered significant risk factors
because their homocysteine values were within
normal limits.

The patients’ mean hemoglobin level was
12.3+2.5 g/dL (median: 12, range: 7.9-18.2) and
17.5% of the children had polycythemia.

Anterior circulation AIS was present in 45% of
the patients, posterior circulation AIS in 32.5%
of the patients, and both anterior and posterior
circulation AIS were present in 22.5% of the
patients. There was basal ganglion infarct in
32.5% of the children, thalamic infarct in 20%,
cerebellar infarctin 17.5%, and brain stem infarct
in 15% of the children. Ischemic involvement
of multiple lobes was present in 16 of the 21
patients with cortical involvement. Five percent
of the patients also had hydrocephaly.

Stroke recurred in three patients, all of
whom had multiple risk factors. One of these
patients had phenylketonuria, homozygous
MTHEFR C677T mutation, high total and LDL
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cholesterol, and lupus anticoagulant positivity
as risk factors, and recurrence was observed
despite receiving heparin and LMWH after the
first stroke. The second patient’s risk factors
included moyamoya disease, chronic hepatitis
B virus infection, left ventricular hypertrophy,
high total and LDL cholesterol, low HDL
cholesterol, and recurrence occurred despite
receiving aspirin therapy. In the third patient,
risk factors included cardiac disorder, anti-
rubella IgM and IgG positivity, anti-hepatitis
A virus IgM and IgG positivity, and recurrence
was observed despite receiving heparin and
LMWH therapy.

Seizure was the initial symptom in 15 (62.5%) of
the 24 patients who developed epilepsy.

The mean follow-up period of the patients was
13 months (range: 0.1-108.0). The results of the
prognostic assessment of functionality (Barthel
Index, WeeFIM), quality of life (SF-36), and motor
outcomes (GMFCS) in the 27 surviving patients
are shown in Table II. It was determined that
eight patients (29.6%) were fully independent
(positive prognosis) according to the Barthel
Index and eight patients (29.6%) had a GMFCS
score of 1 (positive motor outcome).

When quality of life was evaluated according
to risk factors, scores for physical role difficulty
and emotional role difficulty were higher in
patients ~ with  arteriopathy/rheumatologic
disease compared to those without, and lower in
patients with hematologic risk factors compared
to those without. In addition, quality of life
scores in the psychological well-being domain
were lower in patients with hematologic risk
factors and higher in patients with genetic risk
factors (p<0.05).

During follow-up, six patients (15%) died in
the acute period and another seven died after
the acute period, for a long-term mortality rate
of 32.5%. Table III includes a summary of the
factors associated with long-term mortality/
survival among our patients.

313



Ozdemir FMA, et al

Factorsassociated withlong-term mortality were
further analyzed by binary logistic regression
analysis using univariate and multivariate
models (Table IV). The multivariate model was
created with the risk factors of valvular heart
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disease, follow-up period, and white blood
count. When the multivariate model results
were examined, the most important finding was
that the mortality risk was 268 times higher in
patients with valvular heart disease.

Table II. Prognostic assessment of functionality, quality of life, and motor outcomes (n=27).

Functionality — Barthel Index

n (%)

Fully independent 8 (29.6) Positive prognosis
Lowly dependent 1(3.7)
Moderately dependent 9 (33.3) ) .

. Prognosis not positive
Highly dependent 7 (25.9)
Fully dependent 2(7.4)

Mean + standard deviation
Barthel Index 68.0 £ 28.9
Functionality — WeeFIM
Mean + standard deviation

Motor 66.0+23.3
Cognitive 28.6+8.4
Total 94.5+29.8

Self-care 28.2+11.5

Sphincter control 11.2£3.6

Transfers 16.0+£5.8

Locomotion 10.6+4.0

Communication 11.7+3.4

Social interaction 16.945.1

Quality of Life — SF-36

Physical functioning
Physical role difficulty
Pain

General health perception
Energy/vitality

Social functioning
Emotional role difficulty

Psychological well-being

Mean + standard deviation

Motor Outcomes — GMFCS

O = W N =

49.1+39.1
37.5+48.6
83.6+27.5
38.6+19.7
43.6+17.6
63.1+31.5
36.4+49.2
53.3+10.9
n (%)
8 (29.6) Positive
12 (44.4)
2(74) Not positive
3(11.1)
2(7.4)

GMECS: gross motor function classification system, SF-36: short form 36, WeeFIM: pediatric functional independence

measure
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Table III. Statistically significant factors associated with long-term mortality.

Mortality (n=13)  Survival (n=27) P
Age range of 2-<5 years 46.2 3.7 <0.001
Consanguineous marriage 76.9 29.6 0.005
Presence of ventricular septal defect 38.5 7.4 0.027
Presence of cardiomyopathy 23.1 0 0.029
Valvular heart disease 69.2 29.6 0.018
Presence of lupus anticoagulant % 30.8 11.1 0.019
Elevated aspartate aminotransferase 53.8 222 0.043
Elevated alanine aminotransferase 30.8 0 0.010
Sodium abnormality 53.8 11.1 0.011
Hypocalcemia 23.1 0 0.029
Elevated C-reactive protein 76.9 33.3 0.034
Follow-up period <6 months 69.2 3.7 0.001
White cell count 15313+6289 10075+2916 0.012
Absolute neutrophil count /mm?, mean+SD 10006+5716 5865+3125 0.022
Platelet count 2691534231469  337666+128101 0.039
Pyruvate mg/L, mean+SD 3.7+0.2 1.0+0.6 0.031
D-dimer ng/mL, mean+SD 5835.1+8575.5 870.4+1103.0 0.004

Presented as percentages unless indicated otherwise. SD: standard deviation

Table IV. Logistic regression analysis of factors associated with long-term mortality.

Univariate Multivariate
OR (95% CI) p OR (95% CI) p
Age range (1 month-<2 years)
2-<5 years 2 (0.09-44.35) 0.661
>5 years 0.053 (0.004-0.648) 0.021

Consanguinity (no)
Absence of VSD
Absence of valvular heart disease

Normal sodium

7.917 (1.711-36.633) 0.008
7.812 (1.262-48.356)
5.344 (1.268-22.523) 0.022

8 (1.537-41.637)

0.027
268.204 (1.21-59441.503)  0.042
0.013

Normal CRP 6.296 (1.374-28.855) 0.018
AST 1.025 (0.999-1.053) 0.059
ALT 1.05 (0.994-1.111) 0.083
Sodium level 1.037 (0.888-1.21) 0.648
CRP level 1.091 (0.993-1.198) 0.07
Follow-up period 0.929 (0.876-0.986) 0.016 0.906 (0.824-0.997) 0.043
Calcium 0.104 (0.021-0.513) 0.005

White cell count

1.0003 (1.00007-1.0005)

0.007 1.001 (1-1.001) 0.034

ALT: alanine aminotransferase, AST: aspartate aminotransferase, CRP: C-reactive protein, VSD: ventricular septal defect

Discussion

Pediatric AIS is a life-threatening condition that
also causes persistent motor deficits in most
survivors and is often accompanied by epileptic,
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cognitive, or behavioral abnormalities.®'**
In this study, 40 patients with pediatric AIS
followed in a major tertiary referral children’s
hospital were retrospectively evaluated in
terms of etiology and clinical characteristics
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and prospectively/cross-sectionally evaluated
in terms of prognosis (functionality, quality
of life, motor outcomes, recurrence, epilepsy
development, and mortality). Most (85%) of
the patients had more than one risk factor, with
the most common etiologic risk factor being
prothrombicfactors (67.5%). Atlastexamination,
40% of the patients had hemiplegia, 60% had
epilepsy, and 7.5% had a recurrence. Acute and
long-term mortality rates were 15% and 32.5%,
respectively.

Etiological risk factors for stroke vary between
studies. Similar to our findings, prothrombotic
risk factors were present in 63% of pediatric
cases in another study.” Prothrombotic
disorders, infections, and arteriopathy have
been reported as the most frequent risk factors
for pediatric stroke in various studies.®!0122%%
deVeber et al? determined that arteriopathy
unrelated to infection was the most important
risk factor for pediatric stroke (49%), followed
by cardiac disorders (28%). Central nervous
system infection was a risk factor in only 3%
of the AIS cases in their series.” In another
study examining pediatric AIS cases, the most
common risk factor was heart disease (17%),
followed by head trauma (13%), rheumatologic
disorders (7.5%), meningitis, and encephalitis
(4%).* Developments in etiological studies have
made it possible to better define risk factors. In
our study, we determined that prothrombic
risk factors were most common, followed by
cardiac disorders, infections, hematologic
causes, arteriopathy/rheumatologic, genetic,
and metabolic diseases. Prothrombotic risk
factors were more common in the etiology of
stroke in our study than that described in the
literature. However, our results are consistent
with the literature in identifying prothrombotic
risk factors and congenital heart diseases as
common risk factors for AIS.101228-30 In addition,
considering the negative impact of cardiac risk
factors on mortality, we suggest that more
studies are needed on the prevention and
treatment of AIS in patients with prothrombotic
and/or cardiac risk factors.
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Our study provides important data on the
etiology and prognosis of pediatric AIS.
Defining lipid profile changes as a definite
prothrombotic risk factor in our study may
have contributed to prothrombotic risk factors
emerging as the most common etiology. In our
patients, high cholesterol level in three patients
(7.5%), high triglycerides in 11 (27.5%), high
LDL cholesterol in two (5%), and low HDL
cholesterol in 14 patients (35%) were identified
as risk factors. Lipid profile abnormality
was detected in 17 (43%) of our patients. Our
results support recent studies emphasizing that
dyslipidemia and hypertriglyceridemia are
more common in pediatric AIS patients.”

More than two-thirds of the patients in our
study had multiple risk factors, which was
previously reported to be a predictor of stroke
recurrence.” In the literature, a 7-14% risk of
recurrence has been reported for childhood
stroke, with rates of recurrence related to a
number of causes, the most common of which
are heart disease, moyamoya disease and
genetic thrombophilia.>®* All three of our
patients with stroke recurrence were found to
have more than one risk factor.

It was reported that children who have an
acute seizure during stroke or within 24 hours
after hospitalization have a higher likelihood
of developing epilepsy than children without
seizure at the time of stroke.**?* Similarly, most
(88.2%) of the 17 patients who presented with
seizure later developed epilepsy according to
the 2014 practical clinical definition of epilepsy
of the International League Against Epilepsy.*
In our study, of the 29 patients with EEG data
obtained at initial presentation, five (12.5%)
had focal epileptic activity and nine (22.5%)
had abnormal background activity. Of the
nine patients with background abnormality,
slowing of background activity was noted in
six (67%), background asymmetry in two (22%),
and voltage suppression in one patient (11%).
However, long-term video EEG monitoring
was not technically possible for every patient,
which is a limitation of our study in terms of

The Turkish Journal of Pediatrics » March-April 2023



Turk ] Pediatr 2023; 65(2): 309-320

the diagnosis of non-convulsive seizures/status
epilepticus.

Stroke-related mortality rates between 1-32%
have been reported in previous series.”*!°* In
our study, the mortality rate was 15% in the
acute period and 32.5% in the long term. The
AlS-related acute mortality rate in our study
is consistent with the studies in the literature,
which have reported pediatric AlS-related
in-hospital mortality rates of 14-16.5%."
¥ Important factors associated with long-
term mortality in our patients were parental
consanguinity, cardiac disorders, liver function
test abnormalities, electrolyte imbalance, high
CRP, pyruvate, and D-dimer levels, and young
age. In multivariate analysis, valvular heart
disease was found to be associated with a 268
times higher risk of death. These data support
the literature data pointing to congenital
heart disease as the most important risk factor
affecting the long-term mortality of pediatric
AIS3442 In follow-up studies of Canadian
stroke patients with an average follow-up
period of three years, deVeber et al.>* reported
5% stroke-related mortality and neurologic
deficits in 72% of patients (>50% mild). In our
study, the rate of stroke-related mortality was
15% in the acute period and 32.5% in the long
term, and at last follow-up it was determined
that 40% of the patients had hemiplegia, 60%
had epilepsy, and 7.5% had stroke recurrence.

Most studies on childhood stroke have shown
that neurological deficits occur in 50-85% of
survivors.>® In our study, a positive motor
outcome according to the GMFCS and full
independence according to Barthel Index was
achieved in approximately 30% of surviving
patients over long-term follow-up (median of
48 months). According to functional assessment
using the modified Rankin scale, 56% of children
and 55% of young adults were reported to have
acceptable functional outcomes after a median
follow-up period of 6.9 years.* The long-term
outcomes of acquired brain disease are known
to be better in children than adults because of
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the plasticity of the brain. However, Simonetti et
al.* compared the long-term clinical outcomes
of stroke in patients younger than 16 years of
age and young adult patients (aged 16-44 years)
but detected no significant difference in long-
term functional outcomes in terms of disability,
mortality, or recurrence rates. We observed that
46.2% of the patients who died after the acute
period had AIS between the ages of two and
five years, while 92.6% of surviving patients
had AIS after the age of five years (p<0.001). In
our study, this supports the view that having a
stroke after the age of five is a good prognostic
indicator. Another study shows that having a
stroke between the ages of 15 and 19 years is
associated with higher mortality risk.*

It was reported in a prospective observational
study on pediatric AIS that according to
assessment with the Pediatric Stroke Outcome
Measure (PSOM), 61% of children in the study
group had an emotional-motor deficiency, 24%
had a cognitive and behavioral deficit, 15% had
a language production disorder, and 6% had
a difficulty understanding language.'® Felling
et al.* evaluated data from the International
Pediatric Stroke Study and determined that
24.7% of 413 children had moderate to severe
deficits according to PSOM scores at 2-year
follow-up.The mean WeeFIM total score of our
patients was 94.5, the mean motor component
score was 66.0, and the mean cognitive
component score was 28.6. In a study of 18
patients with childhood stroke (13 of which were
ischemic) admitted to a pediatric rehabilitation
unit on mean post-stroke day 688, the mean
total WeeFIM score was 74.9 at discharge from
the unit (mean 55 days after admission).”
When compared with the literature, functional
outcomes of our patients were better according
to their follow-up WeeFIM scores. The
difference in the etiologic and demographic
profiles of the patients, and different clinicians
conducting the evaluation at follow up may be
possible factors accounting for the outcomes.
When we evaluated our patient group
within itself according to risk factors, median
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WeeFIM scores in the communication domain
differed significantly based on the presence of
arteriopathy/rheumatologic disease. No other
differences in WeeFIM scores were detected in
association with the other risk factors.

When quality of life was assessed using the
SF-36, we observed that the patients’ highest
mean score was in the pain scale and the lowest
score was in emotional role difficulty. In our
review of the literature, we found no previous
study using the SF-36 to assess quality of life in
pediatric stroke. However, we conducted this
evaluation because there is a study on adults in
our country which defined the normative SF-36
scores of the regional population.*® Our results
suggest that childhood stroke has important
negative effects on emotional development and
that children should be supported emotionally
after AIS.

The strength of our study is that we evaluated
patients with pediatric AIS followed using
a detailed multidisciplinary approach in a
major tertiary referral children’s hospital over
a period of 11 years. However, a limitation of
our study is that it included a relatively small
sample because it was based on data from a
single center.

In summary, the most frequent etiology of
pediatric AIS in our study was prothrombotic
risk factors. Mortality rates were 15% in the
acute period and 32.5% in the long term. The
most important factor associated with long-
term mortality was the presence of valvular
heart disease. When the survivors were
evaluated, nearly 30% were independent or had
positive motor outcomes and 60% had epilepsy.
We conclude that determining the etiology
and evaluating prognosis are important to
plan effective treatment and rehabilitation for
pediatric AIS.

Acknowledgements

We would like to thank all children, their
parents, and all health professionals who took
part in the care of our patients.

318

Turk ] Pediatr 2023; 65(2): 309-320

Ethical approval

The ethics committee of University of Health
Sciences, Dr. Sami Ulus Training and Research
Hospital approved this study (date: 07.04.2021,
protocol number: E-21/04-143, decision
number:2020-KAEK-141/147).

Author contribution

The authors confirm contribution to the paper
as follows: study conception and design:
FMAO, UO, AF, UAO, MK, FGS, BD, DY; data
collection: FMAO, UO, AF, UAO, MK, FGS,
BD, DY; analysis and interpretation of results:
FMAO, UO, AF, UAQ, MK, FGS, BD, DY; draft
manuscript preparation: FMAOQ, UO, AF, UAO,
MK, FGS, BD, DY. All authors reviewed the
results and approved the final version of the
manuscript.

Source of funding

The authors declare the study received no
funding.

Conflict of interest

The authors declare that there is no conflict of
interest.

REFERENCES

1. Carvalho KS, Garg BP. Arterial strokes in children.
Neurol Clin 2002; 20: 1079-1100. https://doi.
org/10.1016/s0733-8619(02)00012-9

2. deVeber GA, Kirton A, Booth FA, et al. Epidemiology
and outcomes of arterial ischemic stroke in
children: the canadian pediatric ischemic stroke
registry. Pediatr Neurol 2017; 69: 58-70. https://doi.
org/10.1016/j.pediatrneurol.2017.01.016

3. deVeber GA, MacGregor D, Curtis R, Mayank S.
Neurologic outcome in survivors of childhood
arterial ischemic stroke and sinovenous thrombosis.
J Child Neurol 2000; 15: 316-324. https://doi.
org/10.1177/088307380001500508

4. Lee YY, Lin KL, Wang HS, et al. Risk factors and
outcomes of childhood ischemic stroke in Taiwan.
Brain Dev 2008; 30: 14-19. https://doi.org/10.1016/j.
braindev.2007.05.002

The Turkish Journal of Pediatrics » March-April 2023


https://doi.org/10.1016/s0733-8619(02)00012-9
https://doi.org/10.1016/s0733-8619(02)00012-9
https://doi.org/10.1016/j.pediatrneurol.2017.01.016
https://doi.org/10.1016/j.pediatrneurol.2017.01.016
https://doi.org/10.1177/088307380001500508
https://doi.org/10.1177/088307380001500508
https://doi.org/10.1016/j.braindev.2007.05.002
https://doi.org/10.1016/j.braindev.2007.05.002

Turk ] Pediatr 2023; 65(2): 309-320

10.

11.

12.

13.

14.

15.

16.

17.

Lanthier S, Carmant L, David M, Larbrisseau A,
deVeber G. Stroke in children: the coexistence
of multiple risk factors predicts poor outcome.
Neurology 2000; 54: 371-378. https://doi.org/10.1212/
wnl.54.2.371

Patra C, Sarkar S, Guha D, Dasgupta MK. Clinico-
etiological profile of childhood stroke in a Tertiary
Care Hospital in Eastern India. ] Neurosci Rural
Pract 2015; 6: 515-519. https://doi.org/10.4103/0976-
3147.165414

Cnossen MH, Aarsen FK, Akker SL van D, et al.
Paediatric arterial ischaemic stroke: functional
outcome and risk factors. Dev Med Child Neurol
2010; 52: 394-399. https://doi.org/10.1111/j.1469-
8749.2009.03580.x

Jauhari P, Sankhyan N, Khandelwal N, Singhi P.
Childhood basal ganglia stroke and its association
with trivial head trauma. ] Child Neurol 2016; 31:
738-742. https://doi.org/10.1177/0883073815620674

Lingappa L, Varma RD, Siddaiahgari S, Konanki R.
Mineralizing angiopathy with infantile basal ganglia
stroke after minor trauma. Dev Med Child Neurol
2014; 56: 78-84. https://doi.org/10.1111/dmcn.12275

Sood A, Suthar R, Sahu JK, et al. Etiologic profile of
childhood stroke from North India: is it different
from developed world? J Child Neurol 2021; 36: 655-
663. https://doi.org/10.1177/0883073821991291

Gerstl L, Bonfert MV, Heinen F, et al. Childhood
arterial ischaemic stroke: clinical presentation, risk
factors and management. Hamostaseologie 2020; 40:
165-173. https://doi.org/10.1055/a-1113-0445

Karalok ZS, Genc HM, Taskin BD, Ceylan N, Guven
A, Yarali N. Risk factors and motor outcome of
paediatric stroke patients. Brain Dev 2019; 41: 96-
100. https://doi.org/10.1016/j.braindev.2018.07.004

Deda G, Teber S. Cocukluk cagi inmeleri. Dicle
Medical Journal 2010; 37: 314-320.

Dinleyici EC, Kirel B, Alatas 0, Miisliimanoglu H,
Kili¢ Z. Plasma total homocysteine levels in healthy
children. Turkiye Klinikleri ] Pediatr 2007; 16: 1-7.

Barale C, Russo 1. Influence of cardiometabolic risk
factors on platelet function. Int ] Mol Sci 2020; 21:
623. https://doi.org/10.3390/ijms21020623

Yang M, Kholmukhamedov A. Platelet reactivity
in dyslipidemia: atherothrombotic signaling and
therapeutic implications. Rev Cardiovasc Med 2021;
22: 67-81. https://doi.org/10.31083/j.rcm.2021.01.256

Antonios N, Angiolillo DJ, Silliman S.
Hypertriglyceridemia and  ischemic  stroke.
Eur Neurol 2008; 60: 269-278. https://doi.
org/10.1159/000157880

The Turkish Journal of Pediatrics * March-April 2023

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Pediatric Acute Arterial Ischemic Stroke

Kirkham F, Sébire G, Steinlin M, Stréater R. Arterial
ischaemic stroke in children. Review of the literature
and strategies for future stroke studies. Thromb
Haemost 2004; 92: 697-706. https://doi.org/10.1160/
THO04-04-0209

Expert Panel on Integrated Guidelines for
Cardiovascular Health and Risk Reduction in
Children and Adolescents, National Heart, Lung,
and Blood Institute. Expert panel on integrated
guidelines for cardiovascular health and risk
reduction in children and adolescents: summary
report. Pediatrics 2011; 128(Suppl 5): S213-s256.
https://doi.org/10.1542/peds.2009-2107C

Matijevic N, Wu KK. Hypercoagulable states and
strokes. Curr Atheroscler Rep 2006; 8: 324-329.
https://doi.org/10.1007/s11883-006-0011-2

Dallman PR, Siimes MA. Percentile curves for
hemoglobin and red cell volume in infancy and
childhood. ] Pediatr 1979; 94: 26-31. https://doi.
org/10.1016/s0022-3476(79)80344-3

WadeDT, Collin C. The Barthel ADL Index: astandard
measure of physical disability? Int Disabil Stud 1988;
10: 64-67. https://doi.org/10.3109/09638288809164105

Msall ME, DiGaudio K, Duffy LC, LaForest S, Braun
S, Granger CV. WeeFIM. Normative sample of an
instrument for tracking functional independence
in children. Clin Pediatr (Phila) 1994; 33: 431-438.
https://doi.org/10.1177/000992289403300709

Ware JE Jr, Sherbourne CD. The MOS 36-item short-
form health survey (SF-36). I. Conceptual framework
and item selection. Med Care 1992; 30: 473-483.
https://doi.org/10.1097/00005650-199206000-00002

Kocyigit H, Aydemir 0, Fisek G, Olmez N, Memis
AK. Kisa Form-36'nun (KF36) Tiirkce versiyonunun
giivenilirligi ve gecerliligi. Tlag ve Tedavi Dergisi
1999; 12: 102-106.

Ganesan V, Hogan A, Shack N, Gordon A, Isaacs
E, Kirkham FJ. Outcome after ischaemic stroke in
childhood. Dev Med Child Neurol 2000; 42: 455-461.
https://doi.org/10.1017/s0012162200000852

LynchJK, Han CJ, Nee LE, Nelson KB. Prothrombotic
factors in children with stroke or porencephaly.
Pediatrics 2005; 116: 447-453. https://doi.org/10.1542/
peds.2004-1905

Per H, Unal E, Poyrazoglu HG, et al. Childhood
stroke: results of 130 children from a reference
center in Central Anatolia, Turkey. Pediatr
Neurol 2014; 50: 595-600. https://doi.org/10.1016/;.
pediatrneurol.2013.12.023

Deng Y, Wang Y, Yang W, et al. Risk factors and
imaging characteristics of childhood stroke in
china. J Child Neurol 2015; 30: 339-343. https://doi.
org/10.1177/0883073814538667

319


https://doi.org/10.1212/wnl.54.2.371
https://doi.org/10.1212/wnl.54.2.371
https://doi.org/10.4103/0976-3147.165414
https://doi.org/10.4103/0976-3147.165414
https://doi.org/10.1111/j.1469-8749.2009.03580.x
https://doi.org/10.1111/j.1469-8749.2009.03580.x
https://doi.org/10.1177/0883073815620674
https://doi.org/10.1111/dmcn.12275
https://doi.org/10.1177/0883073821991291
https://doi.org/10.1055/a-1113-0445
https://doi.org/10.1016/j.braindev.2018.07.004
https://doi.org/10.3390/ijms21020623
https://doi.org/10.31083/j.rcm.2021.01.256
https://doi.org/10.1159/000157880
https://doi.org/10.1159/000157880
https://doi.org/10.1160/TH04-04-0209
https://doi.org/10.1160/TH04-04-0209
https://doi.org/10.1542/peds.2009-2107C
https://doi.org/10.1007/s11883-006-0011-2
https://doi.org/10.1016/s0022-3476(79)80344-3
https://doi.org/10.1016/s0022-3476(79)80344-3
https://doi.org/10.3109/09638288809164105
https://doi.org/10.1177/000992289403300709
https://doi.org/10.1097/00005650-199206000-00002
https://doi.org/10.1017/s0012162200000852
https://doi.org/10.1542/peds.2004-1905
https://doi.org/10.1542/peds.2004-1905
https://doi.org/10.1016/j.pediatrneurol.2013.12.023
https://doi.org/10.1016/j.pediatrneurol.2013.12.023
https://doi.org/10.1177/0883073814538667
https://doi.org/10.1177/0883073814538667

Ozdemir FMA, et al

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

320

Sobii E, Ozdemir N, Uysal S, Buyru N, Celkan
T. Pediatric stroke: a single-center experience. ]
Pediatr Hematol Oncol 2019; 41: 519-524. https://doi.
org/10.1097/MPH.0000000000001539

Sultan S, Dowling M, Kirton A, deVeber G, Linds
A, Elkind MSV; IPSS Investigators. Dyslipidemia
in children with arterial ischemic stroke: prevalence
and risk factors. Pediatr Neurol 2018; 78: 46-54.
https://doi.org/10.1016/j.pediatrneurol.2017.09.019

Strater R, Becker S, von Eckardstein A, et al.
Prospective assessment of risk factors for recurrent
stroke during childhood--a 5-year follow-up study.
Lancet 2002; 360: 1540-1545. https://doi.org/10.1016/
50140-6736(02)11520-0

Fox CK, Glass HC, Sidney S, Lowenstein DH,
Fullerton HJ. Acute seizures predict epilepsy after
childhood stroke. Ann Neurol 2013; 74: 249-256.
https://doi.org/10.1002/ana.23916

Singh RK, Zecavati N, Singh ], et al. Seizures in
acute childhood stroke. J Pediatr 2012; 160: 291-296.
https://doi.org/10.1016/j.jpeds.2011.07.048

Fisher RS, Acevedo C, Arzimanoglou A, et al.
ILAE official report: a practical clinical definition
of epilepsy. Epilepsia 2014; 55: 475-482. https://doi.
org/10.1111/epi.12550

Kopyta I, Cebula A, Sarecka-Hujar B. Early deaths
after arterial ischemic stroke in pediatric patients:
incidence and risk factors. Children (Basel) 2021; 8:
471. https://doi.org/10.3390/children8060471

Fullerton HJ, Wu YW, Zhao S, Johnston SC.
Risk of stroke in children: ethnic and gender
disparities. Neurology 2003; 61: 189-194. https://doi.
org/10.1212/01.wnl.0000078894.79866.95

Lopez-Espejo M, Hernandez-Chavez M.
Prevalence and predictors of long-term functional
impairment, epilepsy, mortality, and stroke
recurrence after childhood stroke: a prospective
study of a chilean cohort. J Stroke Cerebrovasc
Dis 2017; 26: 1646-1652. https://doi.org/10.1016/;.
jstrokecerebrovasdis.2017.03.043

Chung B, Wong V. Pediatric stroke among Hong
Kong Chinese subjects. Pediatrics 2004; 114: e206-12.
https://doi.org/10.1542/peds.114.2.e206

40.

41.

42.

43.

44.

45.

46.

47.

Turk ] Pediatr 2023; 65(2): 309-320

Beslow LA, Dowling MM, Hassanein SMA, et al;
International Pediatric Stroke Study Investigators.
Mortality after pediatric arterial ischemic stroke.
Pediatrics 2018; 141: e20174146. https://doi.
org/10.1542/peds.2017-4146

Lopez-Espejo M, Hernandez-Chavez M, Huete I
Risk factors for in-hospital and follow-up mortality
after childhood arterial ischemic stroke. J Neurol
2019; 266: 1526-1532. https://doi.org/10.1007/s00415-
019-09293-1

Fox CK, Johnston SC, Sidney S, Fullerton HJ. High
critical care usage due to pediatric stroke: results of
a population-based study. Neurology 2012; 79: 420-
427. https://doi.org/10.1212/WNL.0b013e3182616fd7

Gordon AL, Ganesan V, Towell A, Kirkham FJ.
Functional outcome following stroke in children.
J Child Neurol 2002; 17: 429-434. https://doi.
org/10.1177/088307380201700606

Goeggel Simonetti B, Cavelti A, Arnold M, et
al. Long-term outcome after arterial ischemic
stroke in children and young adults. Neurology
2015, 84: 1941-1947.  https://doi.org/10.1212/
WNL.0000000000001555

Krishnamurthi RV, deVeber G, Feigin VL, et al;
GBD 2013 Stroke Panel Experts Group. Stroke
prevalence, mortality and disability-adjusted life
years in children and youth aged 0-19 years: data
from the global and regional burden of stroke 2013.
Neuroepidemiology 2015; 45: 177-189. https://doi.
org/10.1159/000441087

Felling R], Rafay MF, Bernard TJ, et al. Predicting
recovery and outcome after pediatric stroke: results
from the international pediatric stroke study. Ann
Neurol 2020; 87: 840-852. https://doi.org/10.1002/
ana.25718

Ullah S, Bin Ayaz S, Zaheer Qureshi A, Samir
Tantawy S, Fe Flandez M. Characteristics and
functional outcomes of pediatric stroke survivors
at a rehabilitation unit in Saudi Arabia. ] Clin
Neurosci 2020; 81: 403-408. https://doi.org/10.1016/;.
joen.2020.10.014

. Demiral Y, Ergor G, Unal B, et al. Normative data

and discriminative properties of short form 36 (SE-
36) in Turkish urban population. BMC Public Health
2006; 6: 247. https://doi.org/10.1186/1471-2458-6-247

The Turkish Journal of Pediatrics » March-April 2023


https://doi.org/10.1097/MPH.0000000000001539
https://doi.org/10.1097/MPH.0000000000001539
https://doi.org/10.1016/j.pediatrneurol.2017.09.019
https://doi.org/10.1016/S0140-6736(02)11520-0
https://doi.org/10.1016/S0140-6736(02)11520-0
https://doi.org/10.1002/ana.23916
https://doi.org/10.1016/j.jpeds.2011.07.048
https://doi.org/10.1111/epi.12550
https://doi.org/10.1111/epi.12550
https://doi.org/10.3390/children8060471
https://doi.org/10.1212/01.wnl.0000078894.79866.95
https://doi.org/10.1212/01.wnl.0000078894.79866.95
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.03.043
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.03.043
https://doi.org/10.1542/peds.114.2.e206
https://doi.org/10.1542/peds.2017-4146
https://doi.org/10.1542/peds.2017-4146
https://doi.org/10.1007/s00415-019-09293-1
https://doi.org/10.1007/s00415-019-09293-1
https://doi.org/10.1212/WNL.0b013e3182616fd7
https://doi.org/10.1177/088307380201700606
https://doi.org/10.1177/088307380201700606
https://doi.org/10.1212/WNL.0000000000001555
https://doi.org/10.1212/WNL.0000000000001555
https://doi.org/10.1159/000441087
https://doi.org/10.1159/000441087
https://doi.org/10.1002/ana.25718
https://doi.org/10.1002/ana.25718
https://doi.org/10.1016/j.jocn.2020.10.014
https://doi.org/10.1016/j.jocn.2020.10.014
https://doi.org/10.1186/1471-2458-6-247

