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Clinical Presentation And Prothrombotic Risk Factors in Neonatal And Childhood
Stroke: A Retrospective Study.
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ABSTRACT

AIM: Neonatal and childhood stroke has high morbidity and mortality, associates with co-
morbid conditions, it is difficult to diagnose and the treatment is uncertain. We aimed to
examine epidemiology and long term outcomes of childhood stroke patients, followed our
department.

MATERIALS AND METHODS:

A retrospective study of enrolled pediatric stroke patients at a pediatric hematology department
of a Children's Hospital. The disease presentations, prothrombotic risk factors, co-morbid
conditions, stroke-related death or neurological deficits of the children followed-up with stroke
diagnosis were recorded.

RESULTS:

A total of 115 children (min-max: 0-16.8 years, median age of diagnosis: 2 years, 49.6% girls)
were included. Paresis or plegia (56.5%), convulsions (43.5%), and cranial nerve palsies
(10.4%) were most common presentations. Co-morbid conditions were common (69%); the
most common were infections (22.6%) and congenital cardiac diseases (20.8%). In 47.7% of
the patients who presented with paresis or plegia, stroke was diagnosed within 30 days after
stroke; the rest was diagnosed later. Among the determined prothrombotic risk factors, elevated
homocysteine levels were the most common (27%), followed by factor V G1691A mutations
(20%), and elevated lipoprotein (a) (19.1%) levels. Neurological sequel rate was 62.5%.
Mortality rate was 2.6%.

CONCLUSIONS:

Childhood stroke is associated with a variety of co-morbid conditions and hereditary and
acquired prothrombotic risk factors. Stroke in children has a high sequel rate. We think that,
delayed diagnosis and treatment in our study group could be the reason for this result.

Key words: Child, Stroke, Intracranial embolism and thrombosis.

AMAC:

Yenidogan ve ¢ocukluk ¢agi inmelerinde, morbidite ve mortalite oranlari yiliksektir. Komorbid
durumlar eslik etmektedir, tan1 koymak zordur ve tedavisi kesinlik kazanmamigtir. Amacimiz,
iinitemizde takip edilen ¢cocukluk ¢agi inme hastalarimizda, epidemiyoloji ve uzun dénem takip
sonuglarini arastirmaktir.
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MATERYAL VE METOD:
Bir retrospektif arastirmada, bir Cocuk Hastanesinin Pediatrik Hematoloji Bdliimiindeki
pediatrik inme hastalar1 ¢alismaya alindi. Inme nedeniyle basvuran takipli cocuklarin ilk
basvuruda klinik bulgulari, protrombotik riskler, komorbiditeler, inme nedeniyle 6liim ya da
norolojik sekel kaydedildi.

BULGULAR:

Toplam 115 ¢ocuk (min-max: 0-16.8 yil, median tan1 yasi: 2 yil, %49.6 kiz) ¢alismaya alindu.
Parezi veya pleji (%56,5), konviilziyon (%43.5), ve kafa ¢ifti tutulumu (%10,4) en sik bagvuru
bulgulartydi. Komorbid durumlar sik olup (%69), en sik olarak enfeksiyomlar (%22,6) ve
konjenital kalp hastaliklar1 (%20,8) saptandi. Parezi veya pleji ile bagvuran hastalarin
%47,7'sinde inme tanis1 30 giin i¢cinde konabildi, diger hastalar daha ge¢ dénemde tani aldi.
Saptanan protrombotik risk faktorleri arasinda artmis homosistein diizeyi en sik olup (%27),
bunu faktéor V G1691A mutasyonu (%?20), ve artmis lipoprotein (a) (%19,1) diizeyi
izlemekteydi. Norolojik sekel oran1 %62,5 bulundu. Mortalite oran1 %2,6 idi.

SONUC:

Cocukluk cagi inmelerine bircok degisik komorbid durumlar ve herediter ve kazanilmis
protrombotik risk faktorleri eslik etmektedir. Cocuklarda inme yiiksek sekel oranina sahiptir.
Tan1 ve tedavideki gecikmenin bizim ¢aligmamizda bu sonuca neden oldugunu diisiinmekteyiz.
Anahtar Kelimeler: Cocuk, Inme, Kafai¢gi emboli ve tromboz

INTRODUCTION

Pediatric stroke is divided into ischemic and hemorrhagic stroke. Ischemic stroke is a focal
damage to an area of brain tissue within a vascular territory due to loss of blood flow or
oxygenation, and represents 55% of pediatric strokes. It is subdivided into arterial ischemic
stroke (AIS), which is due to loss of arterial flow, or venous infarction, which is due to loss of
flow in a draining cerebral vein or venous sinus by a clot, called cerebral sinovenous thrombosis
(CSVT), leading to an infarcted brain parenchyma (1).

Trombus formation may result from hypercoagulable states. It also develops in response to
endothelial damage, such as inflammation or vasculopathy. Thromboembolism, however,
occurs when a clot formed elsewhere in the body, such as the heart, in the presence of a venous-
to-arterial shunt, travels and becomes lodged in a cerebral artery. Hemorrhagic stroke includes
spontaneous hemorrhage within the brain parenchyma or subarachnoid hemorrhage (1).
Incidence of stroke in children are increasing, due to many factors like extensive usage of
invasive vascular procedures in critically ill children and their better survival from previously
lethal disorders. In recent years, clinicians are more aware of thrombosis in pediatric patients
because of the improvement and availability of the sensitive imaging techniques (2-4). The
clinical manifestations of childhood stroke can be life-threatening, or cause neurological
deficits in approximately 60%, and recurrence (10%-25%) (4). The symptoms and signs are
non-specific and this often causes delayed diagnosis or diagnosis can completely be missed.
Unavailability of advanced brain imaging techniques at an urgent basis, such as magnetic
resonance imaging (MRI) is a reason of delayed diagnosis or therapy (2, 4-6).

The purpose of our study was to determine the clinical presentations, associating prothrombotic
risk factors, diseases or conditions, and outcomes of childhood stroke cases, who were followed
up at our Hospital’s Pediatric Hematology Department.

MATERIALS AND METHODS
After obtaining approval from the Hospital's Ethics Committee (Approval number: 2012 / 025),
childhood stroke cases were examined, retrospectively, between 1 January 2010 to 1 January
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2015 at the Department of Pediatric Hematology, Ankara Children's Hematology and Oncology
Hospital. The informations were diagnosis age, follow-up period, signs and symptoms at first
presentation, associating prothrombotik risk factors, chronic diseases and clinical conditions.
Perinatal stroke means a focal disruption of cerebral blood flow between 20 weeks of fetal life
through the 28" postnatal day confirmed by neuroimaging studies. It typically presents acutely
in the neonatal period, often with symptomatic seizures. Presumed perinatal stroke, refers to
patients who do not present until later in the first year of life, often with an emerging
hemiparesis. In these cases, stroke is retrospectively diagnosed by the presence of a chronic
infarct on neuroimaging. When pediatric stroke occurs outside of the perinatal period, which is
typically defined as anything beyond the first month of life, the term childhood stroke is used
(7).

In this study, prothrombotic risk factors were compared according to three different age groups:
Group 1: Infants <28 days, group 2: Infants in the first year of life and Group 3: Children beyond
the first year at the time of stroke diagnosis. All the cases had been tested for fibrinogen, protein
C, protein S, antithrombin, homocysteine, lipoprotein a [Lp (a)], anticardiolipin,
antiphospholipid antibodies, factor VIII, IX, XI, factor V G1691A, prothrombin G20210A and
methylenetetrahydrofolate reductase (MTHFR) polymorphisms. Comparison of reference
ranges for all tested coagulation factors were assessed according to age specific data (8-9).
Neuroimaging methods for diagnosis were conventional MRI, diffusion MRI, MRI
angiography, and/or MRI venography.

Statistical analysis was performed by using Statistical Packet for Social Sciences version 16.0.
Kolmogorov Smirnov test was used for normality of continuous or discontinuous numerical
variables. Age distribution of children and follow-up period were summarized with descriptive
statistics, expressed as medians (min-max). For categorical data, frequency distributions were
compared between groups by chi-square test. A value of P <0.05 was considered statistically
significant.

RESULTS

Among 115 cases, 49.6% (n=57) were girls [Median diagnosis age 2 years (min-max=7 days-
16.8 years)]. Stroke was arising from arterial system in 44.3% (n=51), venous system in 19.1%
(n=22) and in 36.5% (n=42), cause of the infarct was not explained from which system it
originated.

Most common clinical presentations were paresis/plegia (56.5%, n=65) and seizures (36.5%,
n=42) (Table 1). In newborns, apnea/cyanosis (38.5%) was common (P=0.001).

Infection history was noted in 22.6% (n=26) and a co-morbid condition associated in 68.7%
(n=79). Cardiac diseases (26%, n=30) were most common, being more frequent in newborns
(46.2%) (p=0.035). Co-morbid conditions are represented in Table 2.

Prothrombotic risk factors are represented in Table 3. In newborns, low antithrombin 3 levels
(23.1%) (p=0.017) and higher homocysteine (61.5%) were detected (p=0.015).

In 32 (27.8%) of childhood strokes, intracranial hemorrhages associated to infarcts. Nine of
them had CSVT, and in 12 obstruction was detected at cerebral arteries (p>0.05).

Imaging showed that infarcts originated from posterior circulation in eight of the children. The
infarcts also originated from both anterior and posterior circulation, basilar artery, bilaterally
internal carotid and basilar artery, left vertebral artery and basilar artery. In 94 (81.7%) patients,
infarct originated from anterior circulation. In eight patients with CSVT an evidence of an
infarct was not observed.

In eight (7%) of the childhood strokes, recurrent attacks occurred. One of the children with
recurrence died.
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DISCUSSION
In pediatric stroke cases, the diagnosis is often delayed and many are not receiving appropriate
treatment. Today, it is adviced to care these patients in pediatric stroke centers. In this study,
we aimed to discover the characteristic clinical findings and prothrombotic risk factors of stroke
patients.
The most frequent symptoms at initial diagnosis were plegia, paresis and convulsions (Table
1). Clinical hallmark of pediatric stroke is sudden-onset focal neurologic deficits (1), including
hemiparesis, plegia, speech disturbance or convulsions. These are usually attributed to
migraine, epilepsy or encephalitis rather than stroke, and this often causes delayed diagnosis
(10). Neurological findings vary according to age groups (11, 12). Seizure, including up to 46%
of younger children, is seen in 5% of adult strokes (1). Apnea, convulsion, lethargy are mainly
noted in neonates (11, 12). In our study also, apnea was mostly observed in neonates. Speech
or language problems, sensory and visual disturbance are remarkable in school children (11,
12). In our group, sensory and visual disturbances were more frequent in older children (13%).
Intracranial hemorrhages associated to childhood stroke in 27.8% of our patients, 28% had
CSVT. In the literature cerebral hemorrhage development was reported in one third of venous
infarcts (13).
In literature, chronic diseases that increase stroke risk in childhood are congenital heart disease
(CHD), hematological, vascular and infectious diseases (14, 15), with the prevalence of 71%-
100% (10, 11). In our group, chronic diseases and co-morbid conditions associated to majority
of childhood stroke. Among these, CHD and infections were most frequent.
Hereditary prothrombotic abnormalities are reported at 20%-50% in AIS and 33%-99% in
CSVT, in childhood stroke (16, 17). We determined at least one prothrombotic risk factor in
67%. Elevated homocysteine levels were the most common.
In our study, FV 1691 mutation was identified in 20% of childhood strokes. Akar et al. (18)
identified FV1691 GA in 25% of children with cerebral infarcts and stated it as an independent
risk factor.
High Lp (a) levels is a risk factor for premature myocardial infarction and stroke in adults (19).
In children, there are limited number of studies (17). In our cases, we determined high Lp (a)
levels in 19.1%.
Prothrombin G20210A mutation is present in 1%-2% of the healthy population and 5%-6% in
venous thrombosis (20, 21). We determined prothrombin G20210A mutation in 5.2% of
patients.
Antithrombin deficiencies are reported to have no difference in frequencies, in newborns and
older children (17). However, in our study, we determined antithrombin deficiency more
frequently in newborns.

In 62.6% of our children, there were neuromotor deficits. In literature, long-term neurologic
sequel rates were reported up to 70% in children with stroke (2).

In eight (7%) of our cases, recurrent attacks occurred. Recurrent CSVT and AIS in neonates
were reported between 8%-17%, and approximately 3% or, also reported to be up to 19-40% in
older children (2).

In this study we observed that newborn and childhood stroke is associating with prothrombotic
risks and co-morbid conditions. Cases present with neurological symptoms mainly, but might
present with other symptoms. Patients have a sequel lasting lifelong. Therefore, early diagnosis
and treatment is very important. However, early diagnosis needs advanced imaging methods to
be present in emergency conditions.
We should improve knowledge of us about risk factors that could provide to assess taking
necessary precautions in patients at risk for occurrence of stroke. Multicenter studies are
necessary to establish the predictors of adverse outcome of death or neurologic deficit.

FT-449

. 9 ., .
By ROMI 5
SELCUK QPEDIAT[{[ PROJE(,T

ONIVERSITES! DERNEGI



Diagnostic difficulties, uncertainty of most appropriate treatment, high neurological sequel

rates and the burden of disease to family and community are issues needed to be resolved.
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Table 1: Clinical manifestations of childhood stroke

Clinical manifestations N (%)

Paresis/plegia 65 (56.5)
Seizures 42 (36.5)
Cranial nerve paralysis 12 (10.4)

Loss of consciousness/respiratory-circulatory failure 11 (9.6)

Pseudotumor cerebri 8 (7)

Seizures + fever 8 (7)

Apnea/cyanosis 6 (5.2)
Acute headache 4 (3.5)
Vomiting 3(2.6)
Ataxia, tremor 3(2.6)
Speech disturbance 2(1.7)
Gastroenteritis, vomiting, dehydration 2 (1.7)
Chronic headache 2 (1.7)

Others  (Hypertension, blurred vision, vertigo, 8 (7)
nystagmus, chest pain)

Table 2: Chronic diseases and other clinical conditions in childhood stroke

Diagnosis N (%)
Nephrological 11 (9.6)
(Nephrotic syndrome, familial mediterranean fever, henoch schonlein
purpura....)

Hematological 12 (10.4)

(Sickle cell anemia, acute lymphoblastic leukemia, congenital dyserithropoetic
anemia, thrombocytosis, vitamin B12 deficiency, thalassemia....)

Neurological 5(4.3)
(Neurofibromatosis, epilepsy....)
Cardiac 30 (26)

(Congenital heart disease, hypertrophic cardiomyopathy...)
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Other
(Trauma, catheter ..
Total

)

21 (18.3)

79 (68.7)

Table 3: Prothrombotic risk factors in children childhood stroke

Prothrombotic risk factors n(%)
Hyperhomocysteinemia 31 (27)
FV G1691A mutation 23 (20)
Increased lipoprotein (a) 22 (19.1)
Antithrombin deficiency 7 (6)
Increased FVIII 7 (6)
Protrombin G20210A 6 (5.2)
Anticardiolipin/Antiphospholipid antibody 3(2.6)
Protein C deficiency 3(2.6)
Protein S deficiency 3(2.6)
Increased fibrinogen 4 (3.5)
Increased FIX 2 (1.7)
Increased FXI 1(0.9)
No risk factor 38 (33)

Flow-diagram: Enrolment characteristics of pediatric stroke patients that have been regularly

followed in Pediatric Hematology Department of the Children's Hospital.
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