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1. INTRODUCTION 
 
Stroke is an increasingly recognised cause of childhood mortality and long-term 
neurological morbidity. In the United States, stroke is among the top 10 causes 
of death among children (Mallick et al., 2010a). Paediatric stroke has a large 
and sustained economic burden, with the five-year health care cost being 15 
times that of age-matched children who have not suffered from a stroke 
(Gardner et al., 2010). Approximately 60 percent of children who have suffered 
from a stroke have residual impairments that influence their daily life (Ganesan 
et al., 2000).  The World Health Organisation (WHO) defines a stroke as 
“rapidly developing clinical signs of focal (at times global) disturbance of 
cerebral function, lasting more than 24 hours or leading to death with no 
apparent cause other than vascular origin” (Hatano, 1976). Thrombosis or 
embolus may occur in either the arterial or venous systems. Depending on the 
system involved, childhood stroke is divided into arterial and venous 
(sinovenous) stroke. Arterial stroke can be either ischemic (arterial ischemic 
stroke, AIS) or haemorrhagic (intraparenchymal haemorrhage, IPH, or 
subarachnoid haemorrhage, SAH). In case of venous stroke (sinovenous 
thrombosis, SVT), the primary event is ischemic (thrombus or embolus) but the 
parenchymal damage may either be haemorrhagic infarct or pure ischemic 
lesion. AIS accounts for 70 percent of paediatric stroke, with haemorrhagic 
stroke representing 20 percent and SVT constituting 10 percent (Govaert et al., 
2009a). 

Stroke occurs in children of all ages. As stroke in neonates differ from stroke 
in older infants and children, paediatric stroke is divided into perinatal and 
childhood stroke (Figure 1). The time interval of a perinatal stroke is from 20 
gestation weeks through the 28th postnatal day (Raju et al., 2007), while a 
childhood stroke occurs between one month and 18 years of age (Amlie-Lefond 
et al. 2008). The term ‘paediatric stroke’ encompasses both perinatal and child-
hood strokes. Perinatal stroke is responsible for 35–46 percent of all cases of 
paediatric ischemic stroke (Steinlin et al., 2005; Fullerton et al., 2007a).  

Paediatric stroke in Estonia is yet to be investigated and the incidence of 
stroke among children in this country is unknown. At the same time, adult 
stroke epidemiology has been studied in depth in Tartu, Estonia. The third adult 
stroke registry was conducted from 2001 to 2003 by Vibo et al. (2007), who 
found the crude incidence rate of first-ever stroke 223 per 100,000 person-years.  

There is a need for epidemiological studies in every country in order to 
obtain evidence-based data about the profile of the disease, which can provide 
important data for planning medical and social care. The present study was 
designed to investigate the incidence rate of paediatric stroke in Estonia and to 
evaluate the risk factors of paediatric stroke.  
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Figure 1.  Scheme for classification of paediatric stroke  
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2. LITERATURE REVIEW 
 

2.1. Perinatal arterial stroke 
 

2.1.1. Definition and classification 
 
According to the accepted definition, perinatal stroke is “a vascular event 
causing focal interruption of blood supply, occurring between 20 weeks of 
foetal life through 28th postnatal day, and confirmed by neuroimaging or 
neuropathology studies” (Raju et al., 2007; Lynch, 2009). Different from the 
WHO definition, the diagnosis of a perinatal stroke is based on neuroradio-
logical confirmation of a vascular event rather than the typical clinical 
presentation of a stroke, which is often absent in the case of a perinatal stroke.  

Perinatal stroke is classified according to two major subtypes: ischemic (AIS 
and SVT) and haemorrhagic perinatal stroke (Lynch, 2009). It is often difficult 
to distinguish between these vascular events of perinatal stroke, and 
differentiating the haemorrhagic conversion of ischemic lesions from a primary 
brain haemorrhage can be impossible (Raju et al., 2007). Venous infarcts are 
often haemorrhagic to begin with; ischemic infarcts may become haemorrhagic 
after reperfusion and one patient may have many different vascular pathologies 
(Raju et al., 2007).  

The timing of the vascular event that leads to a perinatal stroke is almost 

always unknown. Therefore, classification of perinatal strokes is based on the 
gestational or postnatal age at diagnosis. A foetal stroke is diagnosed before 
birth by using foetal imaging methods or in stillbirths on the basis of 
neuropathologic examination. A neonatal stroke is diagnosed after birth or 
before the 28th postnatal day (including in preterm infants). A presumed 
perinatal stroke is diagnosed in infants aged more than 28 days in whom it is 
presumed (but not certain) that the vascular event occurred sometime between 
the 20th week of foetal life and the 28th postnatal day (Raju et al., 2007).  

It has been suggested that cases of IPH and SAH should be included in 
perinatal haemorrhagic stroke studies (Govaert et al., 2009a), in which SAH 
constitute only a minority of the perinatal haemorrhagic stroke cases 
(Armstrong-Wells et al., 2009). Perinatal intraventricular haemorrhage is 
believed to be distinct from perinatal IPH and SAH (Armstrong-Wells et al., 
2009).  

Perinatal stroke most often occurs in term or near-term infants but also 
sometimes in preterm infants (Benders et al., 2008; Golomb et al., 2008a). 
Accordingly, most reports on perinatal stroke have focused on term or near-
term patients (Raju et al., 2007).  

Since neuroradiological investigations are performed in the acute phase, both 
foetal and neonatal stroke can be classified as either ischemic or haemorrhagic 
in origin. The distinction between the ischemic or haemorrhagic origin of a 
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presumed perinatal stroke is often difficult because the neuroradiological 
investigations are delayed due to the absence or subtlety of neurological 
symptoms in the neonatal period (Armstrong-Wells et al., 2009). 
 
 

2.1.2. Epidemiology of perinatal stroke 
 
The estimated incidence rates of perinatal stroke vary widely, depending on the 
methodology of the study. Previously published perinatal stroke studies have 
typically been restricted only to AIS and have included only children with 
neonatal stroke (Perlman et al., 1994; Estan and Hope, 1997; Govaert et al., 
2000; Schulzke et al., 2005; Lynch et al., 2002). The incidence rate of neonatal 
AIS in these studies ranges from 17.8 to 43.4 per 100,000 live births (Table 1). 
Two published population-based studies that also involved cases with presumed 
perinatal stroke showed the incidence rate of perinatal stroke to be 17.0 and 
20.0 per 100,000 live births, respectively (Wu et al., 2004; Lee et al., 2005; see 
Table 1). It is difficult to explain why the incidence rate is not higher in studies 
that include patients with both neonatal and presumed perinatal strokes  
(Table 1). In these studies, children with neonatal stroke constituted 33–58 
percent of the total perinatal stroke cohort. According to previous results on the 
incidence of neonatal stroke, this proportion should have yielded an incidence 
rate of perinatal stroke of between 30 and 129 per 100,000 live births (Table 1).  

The population-based incidence rate of neonatal stroke among premature 
infants has not been studied. Hospital-based studies have reported that neonatal 
AIS develops in 0.7–1.0 percent of preterm infants aged ≤34 gestational weeks 
who are admitted to neonatal intensive care units (de Vries et al., 1997; Benders 
et al., 2008). 

Three studies have estimated the incidence of perinatal haemorrhagic stroke 
(Lynch et al, 2002; Armstrong-Wells et al., 2009; Sachs et al., 1987). Sachs et 
al. reported an incidence rate of almost 10 times that observed by Lynch et al. 
and Armstrong-Wells et al. (Table 1). In contrast to the findings of Lynch et al. 
and Armstrong-Wells et al., 11 out of 12 of Sachs et al. cases had SAH. 
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Table 1. Previous population-based studies on perinatal arterial stroke 

Reference Country
No of 

Patients
Gestational

Age
IR per 100,000 

Live Births 
Neonatal AIS     
Perlman, 1994 USA 8 term 28.6 
Estan, 1997 UK 12 >31 GW 24.7 
Govaert, 2000 Belgium 13 >30 GW 35.0 
Schulzke, 2005 Switzerland 9a mostly term 43.4 
NHDS,b 1980–1998 USA unknown mostly term 17.8 
Armstrong-Wells, 2009 USA 93 >28 GW 29.0 
Neonatal haemorrhagic stroke
NHDS,b 1980–1998 USA unknown mostly term 6.7 
Armstrong–Wells, 2009 USA 20 >28 GW 6.2 
Sachs, 1987 USA 12 term 52.0 
Both neonatal and presumed perinatal stroke included
Wu, 2004 USA 38 term 17.0 
Lee, 2005 USA 40 >30 GW 20.0 

IR-incidence rate; GW – gestational weeks 
aIncludes one patient with presumed perinatal stroke, bNational Hospital Discharge Survey, 
reported by Lynch et al. (2002) 
 
 
All previously published studies have been retrospective. When earlier studies 
were hospital-based, the latter studies were population-based (Lynch et al., 
2002; Wu et al., 2004; Lee et al., 2005). However, the search criteria have 
varied among studies. Some have been based on clinical presentation (Perlman 
et al., 1994; Estan and Hope, 1997; Wu et al., 2004; Armstrong-Wells et al., 
2009), some have been based on hospital discharge codes (Lynch et al., 2002) 
and others have been based on neuroimaging reports (Govaert et al., 2000; 
Schulzke et al., 2005; Lee et al., 2005).  

Most studies have reported male predominance (54–75 percent) among 
perinatal stroke patients (Perlman et al., 1994; Golomb et al., 2004; Chabrier et 
al., 2010; Herak et al., 2009).  

The mortality rate following perinatal AIS is low, and death is often 
associated with comorbidities such as sepsis, meningitis, severe prothrombotic 
disorder, complex congenital heart disease and extreme prematurity (Lee et al., 
2005; Golomb 2009). 
 
 

2.1.3. Clinical presentation of perinatal stroke 
 
Some children with perinatal stroke are symptomatic during the neonatal period 
(neonatal stroke), while other children have subtle neurological symptoms after 
birth (or none at all) and only come to the physicians’ attention months later 
because of hemiparesis or seizures (presumed perinatal stroke) (Golomb et al., 

4
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2001; Raju et al., 2007). The proportion of patients with neonatal stroke varies 
from 33 to 58 percent in population-based studies (Wu et al., 2004; Lee et al., 
2005). 

Term newborns with AIS most often experience seizures during the neonatal 
period. Seizures occur in 59–92 percent of newborns with AIS, with focal 
seizures occurring more often (63–100 percent) than generalized seizures (up to 
37 percent) (Fujimoto et al., 1992; Jan and Camfield, 1998; Sreenan et al., 
2000; Wu et al., 2004; Golomb et al., 2008b; Chabrier et al., 2010). Compared 
to hypoxic-ischemic encephalopathy, seizures in stroke patients have more 
delayed onset (81 percent after 12 hours of life) and focal seizures occur more 
often (Rafay et al., 2009b). Newborns may also present with apnoea (Fujimoto 
et al., 1992; Jan and Camfield, 1998; Sreenan et al., 2000; Golomb et al., 
2008b) or symptoms of encephalopathy (Sreenan et al., 2000; Ramaswamy et 
al., 2004; Cowan et al., 2003). Hemiplegia or hemiparesis is diagnosed only in 
the minority of the newborns with AIS (Chabrier et al., 2010). Preterm children 
with neonatal AIS most commonly present with respiratory difficulties or 
apnoea (83 percent), seizures (25–30 percent), poor feeding (26 percent) and 
abnormal tone (22 percent) (Golomb et al., 2008; Benders et al., 2008).  

The signs and symptoms of haemorrhagic stroke can be subtle and non-
specific in neonates, especially if the haemorrhages are small. Some 
haemorrhages in neonates may even remain unrecognised (Roach et al., 2008). 
Most frequently, newborns with haemorrhagic stroke present with seizures and 
signs of increased intracranial pressure (Sandberg et al., 2001; Armstrong-Wells 
et al., 2009).  

Infants with presumed perinatal stroke present with hemiparesis (75–100 
percent), delayed developmental milestones (eight percent), and/or seizures (9–
36 percent) months after birth (Wu et al., 2004; Golomb et al., 2001; Kirton et 
al., 2008; Golomb et al., 2008b). A study by Kirton et al. (2008) revealed that 
the median age of noticing symptoms (parental concern) was 5.0 ± 2.1 months 
(range: 1.3–77 months) and there were substantial delays between parental or 
physician concern (9.9 ± 3.6 months) and final diagnosis (12.6 ± 3.1 months). 
 
 

2.1.4. Risk factors of perinatal stroke 
 
The aetiology of neonatal stroke is poorly understood and is different from that 
of adult and childhood stroke (Bernard and Goldenberg, 2008). Most studies of 
perinatal stroke have been descriptive, reporting several maternal and neonatal 
disorders in infants with perinatal stroke. Lynch (2009) classified the aetiologies 
of perinatal stroke as follows: (1) maternal disorders, (2) placental disorders, (3) 
blood, homocysteine and lipid disorders, (4) cardiac disorders, (5) infectious 
disorders and (6) miscellaneous disorders. Lynch (2009) also emphasised the 
likelihood that perinatal factors play a role in perinatal stroke, as the recurrent-
stroke rate is extremely low.   
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Few case-control studies have been published with contradictory results, 
mainly because of the small study groups and varied inclusion criteria (Lynch, 
2009). Five case-control studies have estimated the association between 
maternal and perinatal factors and AIS in full-term (Estan and Hope, 1997; Wu 
et al., 2004; Lee et al., 2005; Chabrier et al., 2010) and premature neonates 
(Benders et al., 2007). In the univariate analysis, the following results were 
associated with perinatal AIS: primiparity (2/4)*, history of foetal loss (1/3), 
intrauterine growth restriction (1/3), twin-gestation (1/1), twin-to-twin trans-
fusion syndrome (1/1), preeclampsia (1/3), oligohydramnion (1/1), reduced 
foetal movement (2/2), chorionamnionitis (1/1), prolonged rupture of 
membranes (1/2), premature rupture of membranes (1/2), prolonged second 
stage of delivery (1/1), foetal heart rate abnormalities (2/3), cord pathology 
(1/2), vacuum delivery (1/2), emergency caesarean section (3/4), Apgar score 
<7 at one minute (2/2) and at five minutes (2/4), resuscitation at birth (4/4), and 
hypoglycaemia in premature infants (1/1). Multivariate risk factor analyses 
revealed that the independent risk factors for perinatal AIS were history of 
infertility (1), intrauterine growth restriction (1), preeclampsia (2), chorio-
namnionitis (1), twin-to-twin transfusion syndrome (1), prolonged rupture of 
membranes (1), foetal heart rate abnormalities (1) and hypoglycaemia in 
premature infants (1). A study by Simchen et al. (2009) assessed the association 
between maternal prothrombotic disorders and perinatal AIS. That study found 
that maternal factor V Leiden (FVL), prothrombin (PT) 20210G>A mutation, 
methylenetetrahydropholate reductase (MTHFR) gene 677T polymorphism and 
maternal antiphospholipid antibodies were associated with perinatal AIS. 

Seven studies have investigated the association between prothrombotic 
factors and perinatal stroke (mostly neonatal AIS) (Hagstrom et al., 1998; 
Günther et al., 2000; Aronis et al., 2002; Hogeveen et al., 2002; Miller et al., 
2006; Simchen et al., 2009; Herak et al., 2009). These studies found that the 
factors associated with perinatal stroke included: FVL (4/6)*,†PT 20210G>A 
mutation (1/5), protein C deficiency (1/3), lipoprotein (a) >30mg/dl (1/2), 
hyperhomocysteinemia (1/1) and antiphospholipid antibodies (1/1).  

Few studies have investigated the risk factors for perinatal haemorrhagic 
stroke. Armstrong-Wells et al. (2009) mainly studied cases of neonatal IPH and 
found that an underlying aetiology was present in 25 percent of them 
[thrombocytopenia (20 percent) and cavernous malformation (five percent)], 
while 75 percent were idiopathic. Case-control analysis revealed no differences 
between cases and controls in terms of maternal characteristics. Within the 
investigated intrapartum factors, only foetal distress and emergency caesarean 
delivery were associated with perinatal haemorrhagic stroke. At the same time, 
difficult vaginal delivery (forceps or vacuum delivery or shoulder dystocia) did 
not predict perinatal haemorrhagic stroke (Armstrong-Wells et al., 2009). In the 
                                                 
*  The first number in parentheses reflects the number of studies with positive results 

and the second number represents the total number of studies that tested the factor. 
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same study by Armstrong-Wells et al., gestational age showed a U-shaped 
relationship: compared with term neonates, premature and postmature infants 
had an increased risk of perinatal haemorrhagic stroke. Jhawar et al. (2003) 
studied the risk factors of intracranial haemorrhage in full-term neonates. Their 
study included all types of intracranial haemorrhage and cases with IPH and 
SAH (defined as haemorrhagic stroke) constituted 53 percent of the study 
population. They found that subdural haemorrhage was associated with difficult 
vaginal delivery (forceps delivery), while IPH was less likely to occur in 
newborns with difficult vaginal delivery. Lower five-minute Apgar score and 
resuscitation at birth was associated with an increased risk of intracranial 
haemorrhage, regardless of haemorrhage type. A platelet count of less than 
50x109/L was a strong predictor of IPH compared to other haemorrhage types, 
with an odds ratio (OR) of 7.0 and a 95 percent confidence interval (CI) that 
ranged from 1.7 to 29.4, being less than 70x109/L in 31 percent of cases with 
intraparenchymal haemorrhage (Jhawar et al., 2003).  
 
 

2.1.5. Diagnosis and neuroimaging features  
of perinatal stroke 

 
There are two reasons why diagnosis of perinatal stroke is based on imaging 
(Govaert et al., 2009a). Firstly, other focal brain lesions must be differentiated 
from stroke, such as kernicterus, encephalitis, mitochondrial disorders, posterior 
reversible encephalopathy, tumour, and infarction following hypoglycaemia. 
Secondly, many stroke cases are detected by routine imaging without acute 
neurological dysfunction (Govaert et al., 2009a). In case of perinatal AIS, the 
neuroimaging must show a strong suspicion of cerebral artery occlusion. There 
are two ways of doing this: (1) revealing partial or complete occlusion of the 
vessel in relation to a focal brain lesion and (2) demonstrating a lesion pattern 
that can only be explained by occlusion of a specific brain artery (Govaert et 
al., 2009a). 

Conventional T2-weighted magnet resonance imaging (MRI), magnetic 
resonance angiography (MRA) and diffusion-weighted imaging are principal 
methods for establishing the diagnosis of perinatal AIS (Raju et al., 2007). 
Although a cranial ultrasound is an inexpensive, readily available and portable 
method that helps detect a stroke in the first few days of life, it is possible to 
miss more anteriorly or posteriorly located ischemic lesions (Golomb et al., 
2003a; Cowan et al., 2005). The disadvantages of computed tomography (CT) 
are radiation and missing early and small lesions.  

A focal chronic infarction on neuroimaging (CT or MRI) is obligatory for 
diagnosing a presumed perinatal stroke (Kirton et al., 2008). Such a diagnosis 
need not be limited to arterial territories, and includes multiple and bilateral 
infarcts (Kirton et al. 2008). Global injuries such as hypoxic-ischemic 
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encephalopathy, border zone injury (watershed infarction) and bilateral 
periventricular leukomalacia should be excluded (Kirton et al., 2008) 

Lesions of neonatal AIS most often occur within middle cerebral artery 
territories (80 percent), involve cortical structures (92 percent), and are more 
common in the left hemisphere (57 percent) (Govaert et al., 2009a; Kirton and 
deVeber, 2009). The predilection of the middle cerebral artery involvement may 
be caused by hemodynamic differences from patent ductus arteriosus, transient 
right to left intracardiac shunt or a more direct route involving the left common 
carotid (Benders et al., 2008). The involvement of multiple arteries in one infant 
is not uncommon (Govaert et al., 2009a; Sreenan et al., 2000).  

In preterm infants, AIS is also more common in the left hemisphere (61 
percent) and most often within middle cerebral artery territories (81 percent) 
(Benders et al., 2008). Involvement of lenticulostriate branches is characteristic 
for infants with a gestational age of 28 to 32 weeks, while infants with a 
gestational age >32 weeks show involvement of the main branch of a cerebral 
artery (Benders et al., 2008).  

Focal infarcts are mostly in the territory of the middle cerebral artery (93 
percent) also in children with presumed perinatal stroke (Kirton et al., 2008). 
Although subcortical structures are more often affected than in neonatal AIS, 
the majority of infarcts are still cortical (Lee et al., 2005; Kirton et al., 2008). 
According to recent understanding, most of the subcortical lesions are 
periventricular venous infarctions (75%) (Kirton et al., 2008). Bilateral 
infarctions are not as common among children suffering from a presumed 
perinatal stroke as in children with neonatal AIS (Lee et al., 2005; Golomb et 
al., 2008).  

Neonatal haemorrhagic stroke includes IPH and SAH (Govaert et al., 
2009a). It is often difficult to distinguish a primary haemorrhage from an 
ischemic stroke with secondary haemorrhagic conversion (Bergman et al., 
1985). Neonatal IPH is typically unilateral and unifocal and lesions are more 
commonly left-sided, with localisation most often in the parietal or frontal 
regions (Armstrong-Wells et al., 2009). Cerebrovascular imaging is rarely per-
formed in the acute phase of haemorrhage and, when it is performed, vascular 
pathologies have been seldom detected in case series or population-based 
studies (Bergman et al., 1985; Sandberg et al., 2001; Armstrong-Wells et al., 
2009). Congenital arterial aneurysm have been reported as the cause of neonatal 
IPH or SAH in case reports since 1949 (Vizcaíno-Díaz et al., 2009; Van Raay et 
al., 2009, González-Bonet et al., 2010). Arteriovenous malformation is a rare 
cause of neonatal intracranial haemorrhage, among which those involving the 
vein of Galen are the most common (Volpe, 2008).  
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2.1.6. Outcome of perinatal stroke 
 
Children with perinatal stroke develop long-term disabilities including motor 
deficits, epilepsy and cognitive disorders. Perinatal stroke is a common cause of 
congenital hemiparesis, the severity of which ranges from mild hand weakness 
to hemiplegia or even quadriplegia in children with bilateral stroke (Lynch et 
al., 2009). Motor deficit occurs in 37–60 percent of children who suffer from 
neonatal AIS (Trauner et al., 1993; Sreenan et al., 2000; Lee et al., 2005; 
Golomb et al., 2008b). In children with presumed perinatal stroke, the preva-
lence of motor deficit is even higher, ranging from 82 to 91 percent of children 
(Lee et al., 2005; Golomb et al., 2008b); this is partly because retrospective 
diagnosis confers a selection bias (Kirton et al., 2008). In outcome studies, most 
children (95 percent) with neonatal unilateral ischemic stroke and 67 percent of 
children with bilateral infarction will walk (Golomb et al., 2003b). 

Several motor outcome predictors following perinatal AIS have been 
discovered. Poor motor outcome of neonatal AIS has been associated with the 
presence of prothrombotic risk factor (Mercury et al., 2001), an abnormal 
electroencephalogram (EEG) background pattern (Mercury et al., 1999) and 
male gender (Golomb et al., 2008b). Lesions that concomitantly involve the 
motor cortex, the internal capsule and the basal ganglia are associated with later 
hemiparesis (Mercury et al., 1999; Mercury et al., 2004). A study of neonatal 
stroke and presumed perinatal stroke found that several radiological 
characteristics were associated with an increased risk for motor and language 
disability such as the size of stroke area, injury to Broca’s or Wernicke’s area, 
and injury to the internal capsule or basal ganglia (Lee et al., 2005).  

Rates of epilepsy after perinatal stroke depend partly on when it is evaluated. 
Epilepsy develops in 37–67 percent (Lee et al., 2005; Golomb et al., 2007) of 
children with neonatal AIS and in 23–42 percent of patients with presumed 
perinatal stroke (Golomb et al., 2001; Lee et al., 2005; Kirton et al., 2008; 
Fitzgerald et al., 2007). Complex partial seizures are most common type of 
epilepsy developed after perinatal ischemic stroke (Golomb et al., 2001). The 
median age of epilepsy onset is 16 months (range: seven months to 10.3 years). 
According to the study by Golomb et al. (2007), neonatal seizures do not predict 
later epilepsy.  

The outcome of neonatal haemorrhagic stroke is not thoroughly studied. 
Neurological outcome is normal in 36 percent of children with neonatal IPH, 
while other children have either delayed speech, hemiparesis or cognitive delay 
at outcome (Sandberg et al., 2001).  

Recurrent symptomatic thromboembolism occurs in 3.3 percent of children 
who suffer from neonatal AIS being lower beyond infancy (Kurnik et al., 2003).  
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2.2. Childhood arterial stroke 
 

2.2.1. Definition and classification 
 
Childhood stroke is a cerebrovascular event that occurs between one month and 
18 years of age (Lynch et al., 2002; Amlie-Lefond et al., 2008). Childhood 
arterial stroke is further subdivided into ischemic and haemorrhagic stroke, 
whereas haemorrhagic stroke includes IPH and SAH (Amlie-Lefond et al., 
2008). Ischemic stroke constitutes around 60 percent of all childhood strokes 
(Kleindorfer et al., 2006). Most cases of haemorrhagic stroke (82 percent) are 
IPH, with SAH only constituting a minority (18 percent) (Jordan et al., 2009).  

Like perinatal stroke, the diagnosis of childhood stroke is based on 
neuroradiological confirmation, which is opposite to adult stroke. The main 
reasons for this are often the unspecific presentation of childhood stroke and 
high frequency of mimics of stroke in childhood. Although a stroke is defined 
as a neurological deficit lasting at least 24 hours, many children with a transient 
ischemic attack (TIA) with symptoms that last ≤ 24 hours have a recent cerebral 
infarction/haemorrhage on imaging; these have sometimes been included in 
childhood stroke studies (Pappachan and Kirkham, 2008).  
 
 

2.2.2. Epidemiology of childhood stroke 
 
Although the number of studies on childhood stroke has increased markedly in 
recent decades, there are still not many studies on its incidence rate. The rate 
may have increased over the past decades due to increased recognition, the 
possibilities of modern neuroradiology and therapeutic advances that allow 
children with predisposing conditions to survive (Pappachan and Kirkham, 
2008; Mallick and O’Callaghan, 2010). Previous studies with variable inclusion 
criteria have found annual incidence rates of childhood stroke that range from 
1.3 to 2.7 per 100,000 children. The exceptions are studies from France (Giroud 
et al., 1995) and the USA (Zahuranec et al., 2005), which reported significantly 
higher incidence rates of 4.3–13.0/100,000 (see Table 2). The reported annual 
incidence rate of childhood AIS has varied from 0.6 to 7.9 and haemorrhagic 
stroke ranges from 0.7 to 5.1 per 100,000 children (see Table 2). The 
background prevalence of sickle cell disease, moyamoya disease or infections 
(meningitis) may be important factors that influence the epidemiology in 
different countries (Mallick and O’Callaghan, 2010). There are few studies of 
the epidemiology outside North America and Western Europe (Table 2).  

TIA is seldom included in epidemiological studies (Zahuraenc et al., 2005) 
and data on the incidence of TIA in children is still missing.  
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Table 2. Incidence rates of childhood stroke in previous studies 

Source Country
Age No of Incidence rate 

Range Patients Total AIS HS 
Schoenberg, 1978 USA 0–15yr 69 2.5 0.6 1.9 
Eeg-Olofsson, 1983 Sweden 6mo–16yr 5 2.1 + + 
Broderick, 1993 USA 3wk–15yr 16 2.7 1.2 1.5 
Giroud, 1995 France 0–16yr 28 13.0 7.9 5.1 
Earley, 1998 USA 1–15yr 35 1.3 0.6 0.7a 
Fullerton, 2003 USA 1mo–20yr 2278 2.3 1.2 1.1 
Chung, 2004 China 1mo–16yr 50 2.1 + + 
Barnes, 2004 Australia 0–20yr 95 – 1.8 – 
Steinlin, 2005 Switzerland 0–16yr 80 2.1b – – 
Zahuranec, 2005 USA 1mo–20yr 8c 4.3 1.1 3.2 
Fullerton, 2007 USA 0–20yr 181 – 2.0d – 
Fullerton, 2007 USA 0–20yr 153 – – 1.7 
Simma, 2007 Austria 1mo–19yr 22 2.7 1.96 0.75 
Jordan, 2009 USA 0–20yr 116 – – 1.4 

HS, haemorrhagic stroke; aSAH was excluded; b29 percent were neonatal stroke patients; cone 
patient with TIA, d46 percent were neonatal stroke patients; + means included; – means excluded  
 
 
Ten of the 14 published studies (71 percent) have been retrospective and most 
of the rest have been based on stroke registry (Giroud et al., 1995; Chung et al., 
2004; Steinlin et al., 2005). Multitiered case ascertainment suggested by 
Sudlow and Wardlow (1996) (for example, research of hospital discharge diag-
noses, outpatient diagnoses, electronic neuroimaging reports, autopsy reports or 
cross-reference with previous studies) was used in seven studies (Schoenberg et 
al., 1978; Broderick et al., 1993; Giroud et al., 1995; Fullerton et al., 2003; 
Fullerton et al., 2007a; Fullerton et al., 2007b; Jordan et al., 2009).  

Childhood AIS and IPH occur most frequently (29 percent) among infants 
(children >1 month and <1 year old), whereas children aged 15 through 19 have 
the highest rates of SAH (Fullerton et al., 2003; Kleindorfer et al., 2006). This 
could explain the lowest reported incidence rate for childhood stroke in the 
study by Earley et al. (1998), because they excluded children under one year of 
age.  

Most of the population-based studies of childhood stroke have reported male 
predominance. The International Paediatric Stroke Study of 1187 children, 
indicating a male to female ratio of 1.5:1 (Golomb et al., 2009), supported this 
finding. In addition, male predominance (56–63 percent) is often recorded 
among patients with haemorrhagic childhood stroke (Meyer-Heim et al., 2003; 
Jordan et al., 2009; Lo et al., 2008). The reason for the increased risk of stroke 
among male children is unknown. Possible reasons for this include the 
protective role of oestrogen in females, behavioural differences and the more 
resistant response to hypoxia/ischemia by female cells of the central nervous 
system (Mallick and O’Callaghan, 2010). There is evidence that gender 



21 

differences of paediatric ischemic stroke are associated with elevated 
endogenous testosterone concentrations. A recent study by Normann et al. 
(2009) showed that testosterone levels above the 90th percentile for age and 
gender were detected in 14 percent and 19 percent of children with AIS and 
SVT, respectively, compared to 1.8 percent of control children (P=0.002). 
Testosterone supports the intristic hypercoagulable system, in contrast to the 
supportive role of oestrogen for the intristic anticoagulation system (Normann 
et al., 2009).  

Unlike paediatric AIS, TIA occurs more frequently in girls and in older 
children (Herak et al., 2009). According to a study by Fullerton et al. (2003), 
black children have twice the increased risk for childhood stroke than white 
children. The same study revieled that black children were at increased risk 
even when cases of sickle cell disease were excluded.  

According to the National Center for Health Statistics in the United States, 
mortality rates for paediatric stroke are 0.09/100,000 person-years for ischemic 
stroke, 0.14 for IPH and 0.11 for SAH (Mallic and O’Callaghan, 2009). 
Haemorrhagic stroke account for 74 percent of deaths from paediatric stroke 
(Fullerton et al., 2002). Children under one year old have the highest mortality 
rate and the male mortality rate is higher than the female rate (Fullerton et al., 
2002; Mallick et al., 2010). Previous studies have found 30-day case-fatality 
among patients of childhood AIS of 4–16 percent (Lanthier et al., 2000; 
Broderick et al., 1993; Fullerton et al., 2003; Fullerton et al., 2007a). Case-
fatality among childhood haemorrhagic stroke patients varied between 20 
percent and 34 percent in previous studies (Broderick et al., 1993; Lanthier et 
al., 2000; Fullerton et al., 2007a; Lo et al., 2008).  
 
   

2.2.3. Clinical presentation of childhood stroke 
 
Childhood AIS most commonly presents with acute hemiparesis. Other 
common presenting features are aphasia, visual disturbance, seizures or altered 
level of consciousness (Giroud et al., 1997). Seizures are much more commonly 
associated with childhood stroke than in adults (Chadehumbe et al., 2009). 
Stroke in the posterior circulation can present as ataxia, vertigo or vomiting 
(Kirkham et al., 2004). Seizures and altered mental status are more common and 
focal weakness is less common in children aged less than one year than in older 
children (Zimmer et al., 2007). The mode of symptom onset in approximately 
half of the children with AIS may be non-abrupt (Braun et al., 2007). In these 
cases, neurological symptoms progress smoothly and reach maximum severity 
in more than 30 minutes, or the course of symptoms fluctuates. The non-abrupt 
onset of symptoms is strongly associated with arteriopathic AIS (OR=5.6; 95% 
CI: 1.6–19.4) (Braun et al., 2007).  

Headache (46–77 percent), vomiting (21–59 percent), impaired conscious-
ness (16–50 percent), seizures (26–41 percent) and focal neurological deficits 
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(13–50 percent) are characteristic of IPH (Al-Jarallah et al., 2000; Mayer-Heim 
et al., 2003; Beslow et al., 2010). Acute life-threaten intracranial hypertension 
occurs in 45 percent of children with IPH (Beslow et al., 2010), while focal 
neurological deficits are most common among children of at least six years of 
age (Lo et al., 2008).  
 
 

2.2.4. Risk factors of childhood stroke 
 
Many disorders are associated with childhood stroke in case series but the 
pathogenesis of childhood stroke is often unclear. Unlike adult brain infarct, 
childhood AIS has a wide range of risk factors. An underlying predisposing 
medical condition is found in approximately half of the children (Ganesan et 
al., 2003; Pappachan and Kirkham, 2008). After examinations, a possible 
etiological factor (i.e., cardiac pathology, arteriopathy and/or prothrombotic 
disorder) can be found in most children who were previously considered healthy 
(Ganesan et al., 2003; Pappachan and Kirkham, 2008) and most patients with 
childhood stroke have more than one risk factor (Simma et al., 2007). However, 
in spite of thorough investigations, the reason for childhood stroke remains 
unknown in 10–15 percent of children (Barreirinho et al., 2003; del Balzo et 
al., 2009).  

Vasculopathy is the most common primary or secondary final pathway for 
childhood AIS. Abnormalities of the cerebral arteries are found in up to 80 
percent of children whom vascular investigations are performed (Ganesan et 
al., 2003; Simma et al., 2007). Arteriopathy is defined as “any abnormality on 
cerebrovascular imaging except isolated vessel occlusion which may represent 
an embolus rather than a primary disorder of the blood vessel” (Amlie-Lefond et 
al., 2009). The most common form of arteriopathies in childhood AIS is 
recently defined focal cerebral arteriopathy (Amlie-Lefond et al., 2009). Focal 
cerebral arteriopathy is a “stenosis on vascular imaging not otherwise classified 
as dissection, moyamoya, sickle cell arteriopathy, post-varicella arteriopathy, 
vasculitis, or other specific diagnoses” (Amlie-Lefond et al., 2009). A stenosis 
of a cerebral artery can be found in 53–64 percent of children with AIS on 
cerebral vascular imaging (Ganesan et al., 2003, Amlie-Lefond et al., 2009). 
Focal cerebral arteriopathy includes the term “transient cerebral arteriopathy” 
(Sebire et al., 2004) but excludes post-varicella arteriopathy (Lanthier et al., 
2005). Other common forms of arteriopathies predisposing childhood AIS are 
moyamoya, sickle cell arteriopathy, systemic vasculitis and dissection of the 
cervical arteries (Amlie-Lefond et al., 2009). Arteriopathy is a major risk factor 
for recurrent stroke (Sträter et al., 2002, Fullerton at al., 2007a).  

Pre-existing congenital or acquired cardiac diseases are present in up to 30 
percent of childhood AIS cases (Steinlin et al., 2005; Barnes et al., 2004a). 
Cardiac surgery, cardiac catheterisation and immobilisation are additional 
factors associated with cardiac disease and increased risk for AIS. The risk of 
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ischemic stroke is 5.4 per 1000 children undergoing a cardiac operation (Domi 
et al., 2008). The role of paradoxical embolism through a patent foramen ovale 
as a risk factor for childhood AIS remains arguable. Moyamoya is associated 
with congenital heart disease and should be considered both in non-syndromic 
and syndromic (Down’s syndrome, Williams syndrome, or neurofibromatosis 
type 1) patients with congenital heart disease (Lutterman et al., 1998).  

Infection and inflammation are triggers for childhood AIS (Dlamini and 
Kirkham, 2009). The final causal role of infection and inflammation is difficult 
to prove because of the rarity of strokes and the high prevalence of infectious 
diseases in children (Kirkham et al., 2000; Lindsberg and Grau, 2003). Various 
mechanisms have been suggested for the role of infections and inflammation in 
the pathogenesis of stroke (Lindsberg and Grau, 2003). Childhood AIS have 
been associated with upper respiratory tract infections, ear-nose-throat infec-
tions, meningitis, encephalitis, Varicella zoster virus, Mycoplasma pneumoniae, 
Ebstein-Barr virus infection and tuberculosis (Barnes et al., 2004; Steinlin et 
al., 2005; Shi et al., 2008; Wang et al., 2009; Rasul et al., 2009). Infections 
precede a significant proportion of AIS in childhood with reported prevalence 
varying from 11 to 48 percent (Barnes et al., 2004; Steinlin et al., 2005; 
Fullerton et al., 2007a; Shi et al., 2008; Wang et al., 2009; Rasul et al., 2009). 
Arteriopathy appears to be associated with fever and infection in children with 
AIS (Amlie-Lefond et al., 2009; Braun et al., 2009). When Varicella infection 
precedes the onset of AIS by less than 12 months, the term ‘post-varicella 
arteriopathy’ is used (Lanthier et al., 2005). Varicella may proceed within 12 
months up to 31 percent of childhood strokes and in most of the cases (83–91 
percent). Brain vascular investigations performed after a stroke reveal areas of 
stenosis in the proximal portion of the major cerebral arteries (Lanthier et al., 
2005; Askalan et al., 2001). The most plausible mechanism for Varicella 
causing AIS involves intraneuronal migration of the Varicella zoster virus from 
the trigeminal ganglion and nerve to the cerebral arteries (Askalan et al., 2001).  

Sickle cell disease has a high risk for childhood AIS, given that stroke is 250 
times more common among children with sickle cell disease than in the general 
paediatric population (Seidman et al., 2007). Eleven percent of patients with 
sickle cell disease have had stroke by the age of 20 (Ohene-Frempong et al., 
1998). The sickled cells have increased adhesion to endothelium, which results 
in the formation of a thrombus. Sickle cell disease is the only condition that has 
proven method for primary stroke prevention. Chronic blood transfusion 
therapy results in an over 80 percent reduction in the risk of stroke (Fullerton et 
al., 2004). Sickle cell disease compromises up to 36 percent of the risk factors 
of childhood stroke in cohort studies from Equatorial countries (Emam et al., 
2009) and up to 20 percent in multiracial population-based studies from the 
United States (Earley et al., 1998). However, it is low in studies from Europe.  

Trauma is a known risk factor for childhood ischemic stroke, and blunt 
trauma to the posterior pharynx, cervical spine rotation/dislocation and 
dissection has been suggested as a possible underlying mechanism (Kirkham et 
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al., 2004). Both cervical and intracerebral dissections of arteries are associated 
with trauma and have been diagnosed in 9–20 percent of cases in hospital series 
(Chabrier et al., 2000; Lee et al., 2010). The preceding trauma can be mild or 
significant or there could be no trauma in anamnesis in children with dissection 
(Fullerton et al., 2001; Lee et al., 2010). Intracranial dissections are more 
common among children with stroke than they are in adults and children 
complain of pain more rarely than adults (Fullerton et al., 2001). The mecha-
nism is typically an embolism that results from the migration of a thrombus that 
is originally located at the site of subintimal dissection (Amlie-Lefond et al., 
2008). There are descriptions of a series of young children (one to seven years) 
with acute hemiparesis caused by striatocapsular infarction following mild head 
trauma (Kieslich et al., 2002; Shaffer et al., 2003). The proposed mechanism is 
the disruption of the lenticulostriate branches of the cerebral arteries between 
the mobile extracerebral portion and the fixed intracerebral portion (Shaffer et 
al., 2003).  

Although trombophilias have received considerable attention in childhood 
stroke studies, the importance of thrombophilia in childhood stroke 
pathogenesis is still unknown. Trombophilias remain mild risk factors with ORs 
between four and 10, and results vary from study to study (Amalie-Lefond et al., 
2008). The reported prevalence of thrombophilia varies in population-based 
studies from 7–50 percent of the childhood AIS cases (Fullerton et al., 2007a; 
Simma et al., 2007). The two most comprehensively studied inherited prothrom-
botic disorders are FVL and the PT 20210G>A mutation. A single point 
mutation (G to A transition in position 1691) in the factor V gene leads to 
Arg506Gln amino acid exchange in protein. This change determines a 
resistance to a physiological anticoagulant, activated protein C (Kalafatis et al., 
1994). Prothrombin is the precursor of the serine protease thrombin that 
converts fibrinogen into fibrin. A single-nucleotide G to A transition in 3'-
untranslated region of prothrombin gene at position 20210 is associated with 
increased prothrombin levels (Poort et al., 1996). Many studies have tested the 
association between FVL and PT 20210G>A mutation and childhood AIS. The 
study groups are usually small and the results have been contradictory. Eight 
out of 18 studies have found a significant association between FVL and 
childhood AIS (Zenz et al., 1998; Akar et al., 1999; Nowak-Göttl et al., 1999; 
Kenet et al., 2000; Akar et al., 2001; Duran et al., 2005; Komitopoulou et al., 
2006; Herak et al., 2009). Only two of 11 studies have found a significant 
association between PT 20210G>A mutation and childhood AIS (Akar et al., 
1999; Nowak-Göttl et al., 1999).  

Other prothrombotic factors that have been associated with childhood AIS in 
case-control studies are hyperhomocysteinemia (3/4)* and the TT677 genotype 
of methylenetetrahydrofolate reductase (MTHFR) gene (1/13), deficiencies of 
                                                 
* The first number in parentheses reflects the number of studies with positive results and 
the second number reflects the total number of studies that tested the factor. 
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protein C (2/4), increased levels of anticardiolipin antibodies (3/5), lipoprotein 
(a) >30 mg/dL (2/2), and thrombomodulin (1/1), increased plasminogen 
activator inhibitor-1 activity (1/1), H2 haplotype of plasma glutathione 
peroxidase gene (1/1) and tissue factor pathway inhibitor concentrations below 
the 10th age-dependent percentiles (1/1) (van Beynum et al., 1999; Nowak-Göttl 
et al., 1999; Sträter et al., 1999; Kenet et al., 2000; Nowak-Göttl et al., 2001; 
Duering et al., 2004; Pilarska et al., 2006; Sirachainan et al., 2006; Voetsch et 
al., 2007). Deficiencies of protein S and antithrombin III (Nowak-Göttl et al., 
1999; Duran et al., 2005), the CC1298 genotype of MTHFR gene (Komito-
poulou et al., 2006; Akar et al., 2001; Morita et al., 2009), and the 4G/5G 
genotype in the promoter of the plasminogen activator inhibitor-1 gene (Nowak-
Göttl et al., 2001; Komitopoulou et al., 2006; Ozyrek et al., 2007) have not been 
found to have a significant association with childhood AIS in case-control-
studies.  

It is increasingly accepted that the coexistence of several prothrombotic 
factors or trombophilia with other risk factors is needed, rather than a single 
prothrombotic factor, to develop strokes in children (Amlie-Lefond et al., 2008). 
Multiple risk factors are found in 31 percent of the childhood AIS cases and the 
recurrence risk of childhood AIS is increased in children with multiple risk 
factors (Lanthier et al., 2000). 

The research devoted to childhood haemorrhagic strokes has been scant. 
According to the pooled data by Jordan and Hillis (2007), which included 500 
children with haemorrhagic stroke diagnosed between 1965 and 2004, the main 
aetiologies of childhood IPH were arteriovenous malformation (39 percent), 
cavernoma (11 percent), aneurysm (nine percent), haematological abnormality 
(21 percent), and brain tumour (six percent). More recent studies have analysed 
the aetiology of childhood IPH with contradictory results. Beslow et al. (2010) 
and Ribaupierre et al. (2008) both found that vascular malformations are 
detected even more frequently (87–91 percent of children with IPH) than in 
previous studies. Their results found arteriovenous malformation in 55 percent, 
cavernoma in 14–32 percent and aneurysm in 4.5–18 percent of cases. In the 
cohort of Lo et al. (2008), vascular lesions accounted for only 34 percent of 
cases, while the proportion of brain tumours (18 percent) and congenital heart 
disease with or without surgery (10 percent) were larger than previously 
reported. According to Lo et al. (2008), the proportion of brain tumours and 
congenital heart disease should be markedly increased among children with 
intracranial haemorrhage due to the widespread use of contemporary imaging 
techniques and improved care of chronic illnesses.  

Aneurysm is the most common vascular malformation (71 percent) causing 
SAH (Jordan et al., 2009).  

Haematological abnormalities are more commonly detected in Eastern 
countries and in rural areas, where not all newborns receive vitamin K at birth. 
In China, for example, haematological abnormalities are a major etiologic factor 
for childhood haemorrhagic stroke (64–77 percent) (Chung et al., 2004; Wang 
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et al., 2009). In contrast, haematological abnormalities account for only 15 
percent of cases in Western countries (Al-Jarallah et al., 2000). The aetiology 
of IPH remains unclear in 9–17 percent of cases (Jordan and Hillis, 2007; Lo et 
al., 2008; Beslow et al., 2010).  
 
 

2.2.5. Diagnosis of childhood stroke 
 
In children, clinical presentation consistent with acute stroke may have a non-
vascular aetiology in a 21–29 percent of cases (Ganesan et al., 2003; Shellhaas 
et al., 2006). Brain imaging is therefore important for distinguishing between 
vascular and non-vascular aetiologies for acute focal deficits (Mallick and 
Ganesan, 2008). The main differential diagnosis of childhood AIS includes 
hemiplegic migraine, postictal Todd’s paresis, acute disseminated ence-
phalomyelitis, reversible posterior leukoencephalopathy syndrome, focal 
encephalitis and metabolic stroke (Pappachan and Kirkham, 2008). Because the 
initial imaging is often negative for true stroke, head MRI with diffusion-
weighted imaging is frequently required to differentiate a childhood stroke from 
stroke mimic (Amlie-Lefond et al., 2008).  

MRI is more sensitive than CT for detecting AIS, particularly in the case of 
acute ischemia and posterior fossa lesions (Amlie-Lefond et al., 2008). 
Diffusion-weighted imaging can detect cerebral ischemia within minutes of 
onset, as cytotoxic oedema results in decreased apparent diffusion coefficient, 
which will be hyperintense on a diffusion-weighted image. Perfusion-weighted 
imaging shows areas of decreased cerebral perfusion. Areas with normal 
diffusion but reduced perfusion (perfusion/diffusion mismatch) might be at-risk 
tissue that has not yet infarcted. Patients with mismatch benefit mostly from 
early reperfusion strategies according to adult stroke studies (Albers et al., 
2006). One main disadvantage of CT and especially MRI studies is that they 
require sedation of infants and young children or uncooperative patients.  

MRA adds information about the cervical and intracerebral arteries. 
Vascular imaging is important because of the high prevalence of underlying 
cerebral arteriopathy in patients with AIS. MRA is as good as conventional 
angiography at detecting pathologies in the internal carotid artery and the 
middle cerebral artery but is less sensitive to detect small vessel abnormalities 
(Husson et al., 2002; Benseler et al., 2006). Although the importance of small 
vessel disease in childhood stroke is unknown, it has been claimed that isolated 
involvement of small arteries is a rare cause of arteriopathy in childhood stroke 
(Husson et al., 2002). The main advantages of MRA main are that there is no 
exposure of radiation and no requirement for intravenous access. However, 
MRA may overestimate the stenosis (Husson et al., 2002). Conventional 
catheter angiography is still the gold standard for diagnosing cerebral 
arteriopathy. Conventional catheter angiography is an invasive procedure with 
potential risk of iatrogenic vessel injury or thromembolic event. However, this 
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method has had a low (0–0.4 percent) complication rate (local complications 
only) in children (Burger et al., 2006; Fung et al., 2005).  

Childhood AIS usually involves the middle cerebral artery territory and 
subcortical infarction is common. Strokes in the anterior circulation are more 
common than in the posterior circulation (Amlie-Lefond et al., 2009). Focal 
stenosing arteriopathy and post-varicella arteriopathy locate infarct in the basal 
ganglia and infarcts are limited to anterior circulation (Askalan et al., 2001; 
Braun et al., 2009).  

CT is the initial imaging study of choice for haemorrhagic stroke (Broderick 
et al., 2007) because it is rapid, widely available and clearly distinguishes 
between haemorrhagic and ischemic stroke (Broderick et al., 2007). 
Susceptibility-weighted MRI sequences can clearly identify haemorrhage but 
this method is not universally available (Jordan and Hillis, 2007). Vascular 
imaging is important for identifying any structural lesion that may predispose to 
recurrence and may require additional treatment. CT angiography can be 
combined with the initial CT examination but this combination is limited by 
CT’s poor delineation of parenchymal pathology (Liu et al., 2006). Liu et al. 
(2006) found that the combination of MRI/MRA identified the cause of IPH in 
66 percent of children, while conventional catheter angiography alone identified 
it in 61 percent of children. The limitations of MRI/MRA are the inability to 
detect subtle pathology or pathology affecting small vessels or to provide 
adequate hemodynamic information (Liu et al., 2006). On the other hand, 
conventional catheter angiography is not able to detect cavernous angiomas and 
tumours, which are visible on MRI images (Liu et al., 2006). CT angiography is 
the first line of investigation for children (and adults) presenting with SAH (Liu 
et al., 2006).  

IPH is supratentorial in 82–91 percent of patients (Lo et al., 2008; 
Ribaupierre et al., 2008; Beslow et al., 2010). Intraventricular extension is 
common, occurring in up to half of cases (Mayer-Heim et al., 2003; Beslow et 
al., 2010).  
 
 

2.2.6. Delay in diagnosis of childhood arterial  
ischemic stroke 

 
Early diagnosis of AIS is a challenge for physicians but is a prerequisite for 
“hyperacute” treatment options like thrombolysis and neuroprotective 
strategies. Studies from the USA, the United Kingdom, Canada and Australia 
have shown that childhood stroke is rarely diagnosed within three (7–10 
percent) or six (20–33 percent) hours from symptom onset (Gabis et al., 2002; 
McGlennan and Ganesan, 2008; Rafay et al., 2009a; Srinivasan et al., 2009). 

The median interval from symptom onset to diagnosis of AIS ranges from 20 
to 22.7 hours (Gabis et al., 2002; Rafay et al., 2009a; Srinivasan et al., 2009). 
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Prehospital delay (from first symptom to first assessment) varies from one to 
nine hours, while in-hospital delay (from arrival at a hospital until the diagnosis 
of AIS) is estimated at 12.7 hours (Gabis et al., 2002; Rafay et al., 2009a; 
Srinivasan et al., 2009). Only 58 percent of children reach the hospital within 
three hours and 69 percent reach it within six hours (Rafay et al., 2008). In only 
26–38 percent of children is stroke considered by an emergency doctor (Rafay 
et al., 2009a) and in 58 percent of cases AIS is diagnosed by a child neurologist 
at the first assessment (Braun et al., 2006). The other problem is that the initial 
neuroimaging (most commonly CT) diagnose AIS in only 53 percent of cases 
(Rafay et al., 2009a).  

Probable reasons for this delay include the lack of clinical suspicion of 
stroke in children and the frequency of stroke mimics in children (Amlie-Lefond 
et al., 2008). Another reason may be the subacute onset of symptoms. 
According to Rafay et al. (2009), predictors of longer total delay are young age, 
parent’s help-seeking action, non-ambulance transport, lower stroke severity, 
non-abrupt onset and the absence of altered consciousness.  
 
  

2.3. Paediatric sinovenous thrombosis 
 

2.3.1. Definition of paediatric sinovenous thrombosis 
 
SVT is rare in children but increasingly recognised because of the increased 
awareness, improved neuroradiological techniques, and increased survival of 
children and neonates with diseases predisposing to SVT. SVT occurs in 
foetuses (Laurichesse et al., 2008), in preterm (Bassan et al., 2006) and term 
neonates, as well as in older neonates and children (deVeber et al., 2001; Heller 
et al., 2003). Modern understanding suggests that periventricular haemorrhagic 
infarction in preterm newborns, which was earlier termed grade IV germinal 
matrix intraventricular haemorrhage, is a venous haemorrhagic infarction in the 
drainage area of the periventricular terminal vein (Volpe, 2001).  
 
 

2.3.2. Epidemiology of paediatric sinovenous thrombosis 
 
There are few epidemiological studies on paediatric SVT. Heller et al. (2003) 
estimated the annual incidence rate of SVT to be 2.6 per 100,000 in neonates 
and 0.35 per 100,000 in older children. DeVeber et al. (2001) reported the 
annual incidence rate of paediatric SVT to be 0.67 per 100,000 children. Forty-
three percent of the subjects in their study were neonates. If incidence rates 
were calculated separately for childhood stroke, the incidence rate for childhood 
SVT would be 0.38/100,000, which is similar to the result achieved by Heller et 
al. (2003).  



29 

Population-based studies report that newborns account for 27–43 percent of 
the total paediatric SVT (deVeber et al., 2001; Heller et al., 2003) and 54 
percent of the patients are aged less than one year (deVeber et al., 2001). 
Several studies report male predominance (male: female ratio 1.2:1 to 2.5:1) 
among paediatric SVT patients (deVeber et al., 2001; Carvalho et al., 2001; 
Bonduel et al., 2006). Unilateral periventricular venous infarction occurs in one 
percent of preterm infants with birth weight less than 2500 grams and the 
incidence of periventricular venous infarction increases as the birth weight 
decreases (Bassan et al., 2006).  

Mortality rate of 10–27 percent among paediatric SVT patients have been 
reported (Gentilomo et al., 2006).  
 
 

2.3.3. Clinical presentation of paediatric  
sinovenous thrombosis 

 
Clinical features of SVT vary and are often non-specific. The main symptoms 
and signs of childhood SVT are headache, vomiting, seizures, hemiparesis, 
decreased level of consciousness, papilloedema and cranial nerve palsy 
(deVeber et al., 2001; Wasay et al., 2008; Mallick et al., 2009). Fever may be 
present in 29–56 percent of children with SVT (Carvalho et al., 2001; Barnes et 
al., 2004b; Wasay et al., 2008; Sébire et al., 2005; Mallick et al., 2009). In 14 
percent of the cases, the clinical presentation may be subacute with chronic 
headache, vomiting, lethargy, anorexia and drowsiness for three weeks or more 
(Sébire et al., 2005).  

Newborns present more frequently with seizures and less frequently with 
neurological signs than older infants and children (deVeber et al., 2001). Two-
thirds of neonates with SVT present early (within 48 hours) and one-third 
present late, between 48 hours and 28 days (Nwosu et al., 2008). Early presen-
tation may be confounded by comorbidities and acute illness and symptoms are 
non-specific (Ramenghi et al., 2009). Respiratory distress, hypoxia and poor 
tone are characteristic of early presentation in neonates (Nwosu et al., 2008). 
Late presentation is more often associated with neurological symptoms such as 
seizures, lethargy, apnoea and poor feeding (Ramenghi et al., 2009). Seizures 
occur in 55–79 percent of neonates with SVT and are not associated with the 
time of presentation (Fitzgerald et al., 2006; Nwosu et al., 2008; Jordan et al., 
2010). In the case of extensive SVT, a tense anterior fontanel together with 
dilated scalp veins may be present.  

Some children and newborns with SVT have no neurological disturbances 
and are diagnosed accidentally by screening neuroimaging (Heller et al., 2003; 
Fitzgerald et al., 2006; Nwosu et al., 2008).  
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2.3.4. Risk factors of paediatric sinovenous thrombosis 
 
The main predisposing factors for paediatric SVT are (1) head and neck 
disorders (infection and others), (2) acute systemic illness (sepsis and 
dehydration), (3) chronic disease predisposing to SVT (cardiac disease, surgical 
procedures, nephrotic syndrome, systemic lupus erythematosus, brain tumour) 
and (4) haematological disorders (congenital and acquired prothrombotic 
disorders and anaemia) (deVeber et al., 2001). Among local head and neck 
infections, otitis, mastoiditis, and meningitis precede SVT in 38–62 percent of 
cases (deVeber et al., 2001; Mallick et al., 2009). Anaemia may be present in up 
to 52 percent of paediatric SVT patients (Sébire et al., 2005). Increased blood 
viscosity due to poorly deformable erythrocytes, reactive thrombocytosis and 
elevated erythropoietin levels associated with iron deficiency anaemia may 
predispose to SVT (Benedict et al., 2004).  

A previously known underlying co-morbid condition (head and neck 
disorders, acute systemic illness, chronic systemic illness) is present in most 
(82–100 percent) children with SVT (deVeber et al., 2001; Barnes et al., 
2004b; Kenet et al., 2004; Mallick et al., 2009). After laboratory investigations, 
prothrombotic factors are found among the remaining cases (Kenet et al., 2004; 
Mallick et al., 2009). The main risk factors in the neonatal period are peri-
partum complications, dehydration and comorbid medical condition (deVeber et 
al., 2001; Wu et al., 2002; Fitzgerald et al., 2006). Risk factors are found in 
most (96 percent) neonates with SVT (Jordan et al., 2010).  

Prothrombotic disorders are found in 32–62 percent of children with 
paediatric SVT (deVeber et al., 2001; Heller et al., 2003; Sébire et al., 2005; 
Kenet et al., 2004; Bonduel et al., 2006) and occur more often among patients 
without co-morbid conditions (Kenet et al., 2004). At least six case-control 
studies have studied the association between prothrombotic factors and pae-
diatric SVT (Hagstrom et al., 1998; Bonduel et al., 2003; Heller et al., 2003; 
Kenet et al., 2004; Bonduel et al., 2006; Morita et al., 2009). Heller et al.’s 
(2003) study showed that deficiencies of protein C and protein S, FVL, and 
increased lipoprotein (a) level >30mg/dl have a significant association with 
paediatric SVT on univariate analysis. In a multivariate analysis, only elevated 
lipoprotein (a), and protein C deficiency retained their statistically significant 
association with SVT (Heller et al., 2003). Multivariate analysis also revealed 
that the coexistence of an underlying predisposing condition and prothrombotic 
factor predicted SVT in children (OR=3.9; 95% CI: 1.8–8.6). Patients who are 
heterozygous for the PT 20210G>A mutation have four times greater risk of 
recurrent venous thrombosis (OR=4.3; 95% CI: 1.1–16.2) (Kenet et al., 2007).  
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2.3.5. Neuroimaging of paediatric sinovenous thrombosis 
 
The two major goals of radiological diagnosis of SVT are imaging of the 
thrombus and the associated cerebral lesions such as haemorrhage due to 
venous infarction (Ramenghi et al., 2009). In neonates, colour flow Doppler 
ultrasonography is useful for identifying thrombosis in the saggital sinus and 
left transverse sinus (Ramenghi et al., 2009). A non-contrast CT may show 
hyperdensity of the sinuses (the cord sign = hyperdense thrombosed veins) 
(Renowden, 2004). CT with contrast highlights filling defects in the sinuses (the 
delta sign = a filling defect in the superior saggital sinus) (Renowden, 2004). CT 
venography provides more accurate evaluation of the venous sinuses and may 
improve diagnostics when MRI is not available (Ramenghi et al., 2009). 
Although MRI is excellent for providing detailed information of parenchymal 
lesions, it is difficult to interpret signals in sinuses. Caution is needed as the 
slow-flow signal can be misdiagnosed as no-flow signal (Ramenghi et al., 
2009). CT may miss 16–31 percent of paediatric SVT cases confirmed by MRI 
(deVeber et al., 2001; Mallick et al., 2009).  

In most cases (76–86 percent), the thrombosis is located superficially 
(deVeber et al., 2001; Heller et al., 2003; Sébire et al., 2005). The transverse 
sinus, the superior saggital sinus and the straight sinus are most common 
locations of paediatric SVT (Teksam et al., 2008). Multiple sinuses are involved 
in 49–70 percent of children (deVeber et al., 2001; Fitzgerald et al., 2006; 
Wasay et al., 2008).  

Cerebral parenchymal infarcts are present in 41–60 percent of children 
(deVeber et al., 2001; Sébire et al., 2005; Teksam et al., 2008). Infarction is the 
result of persistent regional increase of venous pressure exceeding regional 
arterial perfusion pressure (Ramenghi et al., 2009). Most of the infarcts are 
haemorrhagic (deVeber et al., 2001; Wasay et al., 2008; Ramenghi et al., 2009). 
Purely ischemic infarcts may be caused by local reduction of arterial inflow due 
to arteriolar constriction in response to downstream venous flow impairment 
(Ramenghi et al., 2009). Neonates tend to have haemorrhagic infarcts more 
frequently than older children (deVeber et al., 2001; Carvalho et al., 2001; 
Fitzgerald et al., 2006; Teksam et al., 2008). This may be caused by a 
deficiency of the protective mechanisms (e.g., opening of reserve capillaries) 
due to immaturity (Teksam et al., 2008). Extraparenchymal haemorrhage is 
present in nine percent of children (deVeber et al., 2001). Intraventricular 
haemorrhage may occur in 19–33 percent of newborns with SVT (Wu et al., 
2002; Sebire et al., 2005; Fitzgerald et al., 2006). Therefore, an unexplained 
intraventricular haemorrhage in a term baby or late-onset intraventricular 
haemorrhage in a ‘late’ preterm baby should raise the suspicion of SVT 
(Ramenghi et al., 2009).  
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3. AIMS OF THE STUDY 
 
1. To study the incidence of perinatal and childhood stroke in Estonia (Papers I 

and II) 

 

2. To study the first clinical signs of perinatal and childhood stroke (Papers I 
and II) 

 
3. To identify possible risk factors of perinatal and childhood stroke (Papers I 

and II) 

 
4. To study the outcome of perinatal stroke (Paper I) 

 
5. To study time delay to diagnosis of childhood AIS (unpublished data) 
 
6. To study the association between paediatric ischemic stroke and FVL and PT 

20210G>A mutation (Paper III) 
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4. SUBJECTS AND METHODS  
 

4.1. Inclusion definitions of paediatric stroke 
 
The criteria for identifying ischemic and haemorrhagic stroke were the same in 
all studies.  

The criteria for AIS were clinical symptoms consistent of ischemic stroke 
(acute focal neurological deficit) with a corresponding focal ischemic lesion on 
CT or MRI in a known arterial distribution (Fullerton et al., 2007a).  

The criteria for haemorrhagic strokes were clinical presentation that was 
consistent with a haemorrhagic stroke (sudden onset of focal neurological 
deficit, headache, loss of consciousness, or seizure) as well as a CT or MRI 
showing an IPH or SAH that was consistent with clinical symptoms (Fullerton 
et al., 2007b).  

For the diagnosis of cerebral SVT, identification of thrombus within cerebral 
sinuses and veins by CT venography or magnetic resonance venography was 
obligatory (Monagle et al., 2008).  

Transient ischemic attack was defined as focal neurological deficit of acute 
onset lasting <24 hours with no radiographic evidence of infarct (Fullerton et 
al., 2007a).  

Perinatal stroke was divided into two subgroups: (1) perinatal stroke with 
early diagnosis (acutely diagnosed), defined as systemic or neurologic 
symptoms within the first 28 days of life with radiographic evidence of an acute 
or remote vascular event; (2) perinatal stroke with delayed diagnosis 
(retrospectively diagnosed), defined as no diagnosis of stroke in the neonatal 
period, clinically congenital hemiparesis or seizures, and radiographic evidence 
of remote focal infarction, encephalomalacia, and/or porencephaly (Lynch et al., 
2005). In the present thesis, the term ‘neonatal stroke’ represents early (or 
acutely) diagnosed perinatal stroke and the term ‘presumed perinatal stroke’ is 
used to represent delayed (or retrospectively) diagnosed perinatal stroke 
according to recent consensus (Raju et al., 2007).  
 
 

4.2. Subjects 
 

4.2.1. Perinatal stroke (Paper I) 
 
Retrospective (from 1994 to 2002) and prospective (2003) population-based 
studies were conducted of perinatal stroke in the eastern and southern regions of 
Estonia (see Figure in Paper I). There were 59,976 live births (30,681 males and 
29,295 females) in the study region between 1994 and 2003 (Estonian 
Statistics). 

9
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Patients with perinatal stroke were identified using different approaches. 
Firstly, a list of children from a pilot study was used, based on a search of 
hospital records from the archives of Estonia’s two tertiary children clinics (the 
Children’s Clinic of Tartu University Hospital and Children’s Hospital of 
Tallinn). Searches were conducted for perinatal/neonatal stroke and for 
hemiparesis. Secondly, new cases of perinatal stroke from January 1 to 
December 31, 2003 were included in the prospective part of the study. Thirdly, 
an inquiry (in the form of a letter and telephone calls) was set up among child 
neurologists and general practitioners in the study region to identify children 
with congenital hemiparesis. In addition, information was disseminated to 
doctors through lectures and medical seminars throughout the study period.  

The following inclusion criteria were used for patient selection: (1) 
congenital hemiparesis and/or seizures, (2) ultrasound, CT or MRI performed in 
the neonatal period revealing an acute or remote ischemic or haemorrhagic 
(subarachnoid, intraparencymal or intraventricular haemorrhage) stroke, (3) CT 
or MRI performed after the neonatal period revealing a lesion consistent with 
remote ischemic or haemorrhagic stroke, (4) gestational age of at least 32 
weeks, (5) born between 1994 and 2003, (6) birth registered in one of the eight 
counties situated in the eastern and southern regions of Estonia (see Figure in 
Paper I). Exclusion criteria were: (1) other documented diseases with central 
nervous system (kernicterus, encephalitis, mitochondrial disorders, tumour), and 
(2) acute stroke after one month of age (childhood stroke).  

In total, 53 children (28 boys, 25 girls) with suspected perinatal stroke were 
identified. At least two investigators critically reviewed the medical records of 
these children in order to identify the diagnoses of perinatal stroke and, in 
uncertain cases, one of the reviewers re-investigated the child. The study 
neuroradiologists reviewed ultrasound, CT and MRI scans. Ultrasound, CT 
(Siemens AG, Somatom Volume Access or Somatom Spiral HP) and MRI 
(Siemens AG, Magnetom (Symphony) 1.5 T) were used for the neuro-
radiological examinations. With the CT, areas of decreased density, cerebral 
swelling and, in some cases, the haemorrhagic compartment were indicative of 
an acute stroke. In the late period, it corresponded to areas of hypodensity or 
porencephaly and brain atrophy in a vascular distribution. With the MRI, the 
distribution of the signal abnormalities in all patients was identified and 
classified as cerebral cortex, basal ganglia, internal capsule and periventricular 
white matter involvement (Boardman et al., 2005). Contrast medium was not 
used, as a rule. In the late period, areas of porencephaly in a vascular distribu-
tion lined by white matter, signal abnormalities and volume loss that corres-
ponded to the area of infarction were sought. Local areas of cerebral atrophy 
and any asymmetries of cerebrospinal fluid spaces were also identified.  

Fifteen children were excluded from the study: three extremely premature 
children (<32 weeks of gestation), four with other diseases of the central 
nervous system, seven with negative neuroradiology and one child in whom 
confirmative cranial imaging (MRI or CT) was not performed. The final study 
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group consisted of 38 children (18 boys, 20 girls), including two retrospectively 
diagnosed children, who were born in the study area but treated at the 
Children’s Hospital of Tallinn. 

EEG, electrocardiography and echocardiography were performed as part of 
the standard evaluation. Cardiac disorders were investigated in 17/38 cases, 
including congenital diseases and arrhythmias. Prothrombotic factors were 
studied in 27/38 cases but only after 2003, meaning that all samples were taken 
months or years after the acute event. Screening for prothrombotic conditions 
included total homocysteine, anticardiolipin antibodies, lupus anticoagulant, 
antithrombin III, protein S, protein C, activated protein C resistance, FVL and 
PT 20210G>A mutation. The laboratory method was not available for the 
measurement of lipoprotein (a) levels. Patients’ history of ante- and perinatal 
events was obtained from the obstetrical reports. Infections included congenital 
infections as well maternal infectious episodes during pregnancy. Maternal 
diseases included preeclampsia, history of infertility, hyperthyroidism, surgical 
interventions during pregnancy, abdominal trauma, and systemic illnesses. 
Factors that implicated placental disorders included clots, placental abruption, 
chorioamnionitis, fetomaternal transfusion and intrauterine growth retardation. 
Birth asphyxia was diagnosed by the treating physician.  

For neurological outcome analysis, the last visit was documented as being 
the end of the follow-up period for patients who regularly visited a child 
neurologist (24 children). A telephone call was made to the family doctors of 
the remaining children and children were invited to the control visit of two of 
the study neurologists. Eight children were able to come but the neurological 
outcome of the remaining six cases was either retrieved from the last visit to a 
child neurologist or described by the family doctor. All patients had visited a 
child neurologist at least by the age of two years. No patients died during the 
follow-up period. In total, the follow-up period lasted an average of seven years 
(range: 2–12 years).  

Hemiparesis was assessed according to the hand function: Stage I – mildly 
disturbed finger movements, Stage II – significant disturbance of finger move-
ments, Stage III – minimal finger movements, Stage IV – hemiplegia, absence 
of all movements. Epilepsy was defined as at least two unprovoked epileptic 
seizures one week after the acute event of stroke.  
 
 

4.2.2. Childhood stroke (Paper II) 
 
A retrospective and prospective population-based study of childhood stroke was 
conducted from January 1, 1995 to December 31, 2006. The retrospective part 
(1995–2003) was carried out at the Children’s Clinic of Tartu University 
Hospital and involved the eastern and southern regions of Estonia (eight 
counties, Figure in Paper I). The prospective part of the study (2004–2006) 
involved all of Estonia and was carried out in both of Estonia’s tertiary children 
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hospitals: the Children’s Clinic of Tartu University Hospital and Tallinn 
Children’s Hospital. Both parts of the study aimed to identify the clinical 
symptoms and risk factors of childhood stroke. The incidence rate and case-
fatality calculations were based exclusively on the prospective part of the study. 

Multiple overlapping data sources were used for complete case ascertain-
ment of patients with childhood cerebrovascular disorders. (1) For the 
prospective part of the study, child neurologists and physicians from the 
emergency departments of the two tertiary children’s hospitals informed the 
study team of all new stroke cases. (2) For the retrospective part of the study, 
patients were identified from a previous pilot study that listed cases of 
hemiparesis at both tertiary children hospitals. (3) A computerised hospital 
records database for discharge diagnoses was searched using the International 
Classification of Diseases, Ninth Revision (1995–1996), codes 430–438, 342 
and Tenth Revision (1997–2006) codes I60-I69, G45 and G81 in both tertiary 
children hospitals. The same search was performed at the Neurology and Heart 
Clinics of Tartu University Hospital and in the North Estonia Medical Centre to 
include adolescents and cardiac surgery patients (up to 18 years of age) treated 
there. (4) The database of forensic pathologists of the Tartu University Hospital 
was examined to identify death cases out of hospital. (5) The database of 
clinical pathologists of the Tartu University Hospital was searched for in-
hospital stroke death cases. (6) Patients with focal ischemic brain lesions 
identified from a population-based study of inflicted traumatic brain injury in 
Estonia (Talvik et al., 2006), with appropriate time criteria, were also included. 
(7) All paediatricians and family doctors in the study region were informed 
regarding the start of the prospective study and the information was repeated 
several times during the study.  

Children aged between one month and 18 years with the first-ever 
cerebrovascular event were included. First-ever stroke in a patient with previous 
TIAs was registered as an incident of stroke, but a first-ever TIA in a patient 
with a previous stroke was defined as recurrent (Fullerton et al., 2007a).  

A review of all data sources identified 59 children aged between one month 
and 18 years who had a suspected cerebrovascular event. Inpatient and out-
patient medical reports were reviewed critically and independently by at least 
two investigators in order to identify the diagnoses of childhood stroke and 
uncertain cases were reinvestigated. Paediatric neuroradiology specialists who 
were blinded to the clinical diagnosis reviewed the scans.  

Eleven children (11/59) were excluded from the study: two were excluded 
because of a confirmed diagnosis of migraine, one of diffuse encephalitis, one 
of epilepsy and postictal hemiparesis, and one of an arachnoid cyst. Six further 
patients were excluded due to a lack of imaging confirmation. In two of these 
six cases, a stroke occurred during the prospective study. An MRI was 
performed on 4/6 children, including the two from the prospective section of the 
study. The final study population consisted of 48 children (26 boys, 22 girls) 
with a confirmed cerebrovascular event. Twenty-four (24/48) children were 
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diagnosed during the retrospective study (covering the eastern and southern 
parts of Estonia) and 24/48 during the prospective study (including all of 
Estonia).  

Risk factor analysis included data from case history, cardiological and 
haematological investigations and brain vessel imaging. The study cardiologist 
reviewed the electrocardiograms and the echocardiograms. Screening for 
prothrombotic conditions was performed from May of 2004 and included total 
homocysteine, anticardiolipin antibodies, lupus anticoagulant, antithrombin III, 
protein S, protein C, activated protein C resistance, FVL, PT 20210G>A 
mutation, and C677T and A1298C polymorphisms of the MTHFR gene. Tests 
with pathological results performed in the acute phase of stroke were repeated 
at least three months after the stroke onset in order to rule out transient 
prothrombotic disorders (Ganesan et al., 1998). Symptoms and signs of 
cerebrovascular event were categorised according to the International Paediatric 
Stroke Study. 
 
 

4.2.3. Time lag to diagnosis of childhood arterial ischemic stroke 
 
For time lag analysis, children with AIS (n=24) from the epidemiological study 
(Paper II) were analysed. Two children with an extremely long time delay (one 
year and three months, respectively) were excluded from the study. Finally, 22 
children with AIS were included in the study. The analysis stage involved 
documenting accurate or estimated time records from the medical charts and 
radiological database of the following events: (1) first symptom noted by care-
givers, (2) first medical examination (ambulance, family doctor or admission to 
children’s hospital), (3) first cranial imaging (mainly CT) and (4) time of 
diagnosis of AIS, which was the completion time of the neuroimaging test that 
made the diagnosis.  
 
 

4.2.4. Case-control study (Paper III) 
 
All children and neonates (n=96) with documented perinatal or childhood 
ischemic (AIS or SVT) stroke dignosed since 1995 in one of the two tertiary 
children hospitals in Estonia were potential cases in the case-control study. 
Because uniform paediatric stroke protocol was not in operation during the 
early years of the study, a DNA test was performed on 80/96 children. Five 
children were excluded from the study group: four had major head trauma (two 
had cerebral contusion and two had birth trauma) and one girl had an iatrogenic 
stroke due to complicated maxillary hemangioma surgery. 

A total of 75 children (45 boys, 30 girls) were included in the study. 
Nineteen of them had childhood AIS, 49 had perinatal AIS (14/49 had neonatal 
AIS and 35/49 had presumed perinatal stroke). SVT was diagnosed in 7/75 
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children (three of whom had neonatal SVT). Additional risk factors were 
identified in 41 cases (55 percent) (not all were tested for each risk factor). 
These risk factors were: cardiac pathology (5), protein C deficiency (1), 
activated protein C resistance without FVL (1), lupus-anticoagulant (1), 
antithrombin deficiency (1), preeclampsia (8), several miscarriages/stillborns 
(4), maternal thrombophilia (1), nephrotic syndrome (2), Williams’ syndrome 
(1), meningitis (1), acute gastroenteritis (1), anaemia (1) and hyperhomo-
cysteinemia (6). Forty-eight children (64 percent) were tested for MTHFR gene 
plymorphisms. MTHFR 677C>T homozygosity was found in four cases (8.3 
percent), MTHFR 1298A>C homozygosity in three (6.3 percent) and MTHFR 
677C>T/1298A>C double-heterozygosity was detected in eight children (16.7 
percent). 

The control group consisted of 400 newborns (207 boys, 193 girls) who were 
born consecutively in all of Estonia’s 19 delivery departments in January 2005. 
The control subjects were included proportionally according to the birth rate in 
all of Estonia’s 16 counties in order to achieve a representative cohort of the 
nationwide proportion. 

For meta-analysis electronic databases (EBSCO, Medline, PubMed, Science 
Direct, and Scopus) were searched for all case-control studies evaluating FVL 
and/or PT 20210G>A in children with SVT in November 2009. The search key 
words were: “FVL or prothrombin mutation” combined with the terms 
“sinovenous thrombosis, cerebral sinus venous thrombosis, or venous thrombo-
embolism” and “child” or “newborn”. The “related articles” option was used 
and the references of evaluated articles were consulted. Only English language 
studies were found.  
 
 

4.3. Data Analysis 
 

4.3.1. Perinatal stroke (Paper I) 
 
Statistical analysis was performed using the SAS Version 8.02 statistical 
software package (SAS Institute, Cary, NC, USA). Statistical comparisons 
between normally distributed continuous variables were performed with the 
Student’s T-test. The Kolmogorov-Smirnov criterion was used for the 
assessment of normality. In order to compare proportions (qualitative variables), 
the Chi-square test or the Fisher’s exact test (when expected values were <5 
percent) were used. ORs and 95% CI were used to estimate relative risk. 
Kaplan-Meier estimation of the proportion of subjects was used during follow 
up and the log-rank statistic and Cox proportional hazards regression was used 
to assess differences between the epilepsy-free survival curves. All p values 
were two-sided and differences were considered statistically significant if the p 
values were less than 0.05. 
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4.3.2. Childhood stroke (Paper II) 
 
Incidence rates were calculated as the number of strokes divided by the number 
of person-years at risk. The mid-year population for children aged between one 
month and 18 years, obtained from the national statistics bureau, was used in 
calculations (personal inquiry). Statistical analysis was performed using the 
SAS Version 8.02 statistical software package (SAS Institute, Cary, NC, USA). 
Ninety-five percent CIs for incidence rate were calculated based on the Poisson 
distribution. The two-tailed Fisher’s exact test and median two-sample test were 
used to compare incidence rates and age medians, respectively. All P values 
were two-sided and differences were considered statistically significant if the P 
values were less than 0.05. 
 
 

4.3.3. Case-control study (Paper III) 
 
Patients’ DNA was extracted from peripheral blood using standard methods. 
For the control group, a robust and efficient method was used to obtain DNA 
from an anonymous newborn screening specimen. Briefly, DNA was extracted 
from a 3 mm diameter test card disc, which was soaked in 1 ml distilled water 
for at least two hours, while vigorously and continuously swirling the samples. 
The supernatant was discarded, 100µl of methanol was added under ventilation 
hood and the samples were incubated for 15 min. In the next step, methanol was 
discarded and 100µl of freshly made 5mM NaOH and 20–50µl of mineral oil 
was added; the samples were then incubated at 100 for 15 min and placed on ice 
immediately. The obtained DNA solution can be stored at –20 and easily used 
in PCR-based applications for several years. FVL and PT 20210G>A 
polymorphisms were detected simultaneously by duplex polymerase chain 
reaction and restriction fragment length polymorphism method with HindIII, 
according to the method described by Lucotte et al. (2003) with slight 
modification. For DNA samples extracted from the test-card specimen, 5µl of 
DNA solution and 2U Hot Start Taq DNA Polymerase (Fermentas, Vilnius, 
Lithuania) was used in PCR reaction in a volume of 50µl and the number of 
PCR cycles was increased from 37 to 42 cycles.   

Statistical analysis was performed using the SAS Version 8.02 statistical 
software package (SAS Institute, Cary, NC, USA). A comparison between the 
study and control group was performed with a chi-square test and Fisher’s exact 
test when the expected values were <5 percent. Results are given as OR with 
95% CI.  

For meta-analyses, comprehensive Meta Analysis Version 2 (Biostat, 
Englewood, NJ, USA) was used to pool data from the case-control studies. 
Comparisons were performed for FVL or PT 20210G>A carriers (heterozygous 
or homozygous) versus non-carriers. Data from the present study was included. 
Weighted ORs with 95% CIs were calculated by using fixed-effects models and 
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a chi-square test was performed to test for heterogeneity. The Egger test was 
performed to check for publication bias.  
 
 

4.4. Ethical approval 
 
The study was approved by the Ethics Review Committee on Human Research 
of the University of Tartu. Ethical permission to review medical charts of the 
retrospective study and informed consent was obtained from the parents and 
children for participation in the study in the prospective part of the study in 
Studies I and II. For Study III, ethical permission to perform anonymous DNA 
testing from control patients and informed consent was obtained from the 
patients and/or their parents to perform DNA analysis. 
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5. RESULTS 
 

5.1. Incidence of paediatric stroke in Estonia 
 

5.1.1. Incidence of perinatal stroke 
 
The diagnosis of perinatal stroke was confirmed in 38 children (18 boys, 20 
girls). Twelve of the 38 children (nine boys, three girls) had neonatal stroke, 
while the remaining cases (nine boys, 17 girls) had presumed perinatal stroke. 
With 59,976 live births in Estonia over the 10-year study period, the incidence 
rate of perinatal stroke in the country is 63.4/100,000 or one for every 1578 live 
births (95% CI: 46.17 to 86.95). The corresponding figure is 58.7/100,000 for 
boys and 68.3/100,000 for girls.  

The incidence rate of perinatal stroke recognised in the newborn period 
(neonatal stroke) is 20.0/100,000 or one per 4998 live births (29.3/100,000 for 
boys and 10.2/100,000 for girls). The incidence rate of presumed perinatal 
stroke is 43.4/100,000 or one per 2307 live births (29.3/100,000 for boys and 
58.0/100,000 for girls).  
 
 

5.1.2. Neuroradiological features of perinatal stroke 
 
Cranial radiology scans (ultrasound, MRI or CT) were performed in all children 
with neonatal stroke (12/38). Acute arterial ischemic lesions were identified in 
4/12 neonates in the initial images during the neonatal period – all infarcts were 
in the region of the left middle cerebral artery. Haemorrhagic lesions were 
diagnosed in the other 7/12 children: SAH with periventricular oedema in one, 
parenchymal bleeding in two and intraventricular haemorrhage in four children. 
Intraventricular haemorrhage was unilateral in three of the four cases. In one 
case (1/12), MRI on the eighth day of life revealed asymmetrical porencephalic 
dilatation of the lateral ventricles and hemiatrophy referring to antenatal onset 
of the vascular event. After the neonatal period, neuroimaging demonstrated a 
large porencephalic lesion because of the arterial ischemic and/or haemorrhagic 
insult as the main finding in 11 of 12 cases and small unilateral periventricular 
cysts in one case.  

In children with presumed perinatal stroke, neuroimaging (CT or MRI) was 
performed at a mean age of 25 months (range: one month to five years). Eleven 
of the 26 children had cortical damage, in 4/26 children basal ganglia or internal 
capsule were affected without cortical damage, and lesions of the perivent-
ricular white matter alone were present in 11/26 cases. Porencephaly was 
described in 13 cases and T2-hyperintensities in another seven cases. Four 
children had asymmetrical dilatation of lateral ventricles with signal change of 

11
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periventricular white matter, one had cortical focal atrophy and one had bilateral 
central and peripheral atrophy as the main finding.  

Altogether, unilateral left-sided brain damage was seen in 20/38 cases and 
unilateral right-sided in 4/38 cases. In the remaining cases, brain damage was 
bilateral but asymmetrical with predominating left side involvement in 11/38 
and predominating right side involvement in 2/38 cases. In one case, the lesion 
was bilateral symmetrical but clinically the child had stage III right-sided 
hemiparesis. 
 
 

5.1.3. Incidence of childhood stroke  
 
The prospective study included 805,244 person-years of observation (413,569 
males and 391,676 females) over the three-year study period. At the same time, 
a total of 24 cases (14 boys, 10 girls) of first-ever cerebrovascular event were 
confirmed, yielding an overall annual incidence rate of 2.98 per 100,000 
person-years. The diagnosis of TIA was confirmed in three children (two boys, 
one girl). One of them had an ischemic stroke three weeks after the TIA episode 
and was included in the AIS incidence rate calculations.  

Stroke (excluding TIA without following arterial ischemic stroke) was 
diagnosed in 22 children (13 boys, nine girls), which yielded an annual 
incidence rate of 2.73 per 100,000 person-years. Table 3 shows the incidence 
rates of stroke subtypes with gender disparities. AIS was diagnosed in 13/22 
cases (59 percent), IPH in 7/22 cases (32 percent) and SVT in 2/22 cases. There 
were no significant differences between gender distribution and stroke 
incidence rates (P=0.6). No SAH cases were identified during the prospective 
study.  
 
Table 3. Incidence rates for stroke subtypes 

Type of Total Boys Girls   
stroke Cases IR (95% CI) Cases IR (95% CI) Cases IR (95% CI)  P-value 
AIS 13 1.61 

(0.74–2.49) 
9 2.18 

(1.14–4.14) 
4 1.02 

(0.40–2.63) 
 0.312 

IPH* 7 0.87 
(0.23–1.51) 

3 0.73 
(0.25–2.13) 

4 1.02 
(0.40–2.63) 

 0.941 

SVT 2 0.25 
(0.00–0.59) 

1 0.24 
(0.04–1.37) 

1 0.26 
(0.05–1.45) 

 1.000 

Stroke 22 2.73 
(1.91–4.43) 

13 3.14 
(1.84–5.38) 

9 2.30 
(1.21–4.37) 

 0.611 

* No cases of SAH were identified in the prospective section.  
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The median age of symptom onset in the total group was 10.1 years 
(interquartile range: 4.4–15.3 years). It was 6.4 years for children with AIS 
(interquartile range: 2.1–10.2) and 12.2 years for children with IPH 
(interquartile range: 6.7–17.2, P=0.17). The incidence rate of all events, as well 
as the incidence rate of IPH, was higher among adolescents than it was for 
younger children, who had more frequently ischemic events (see Figure 1 in 
Paper II).  
 
 

5.1.4. Thirty-day case-fatality of childhood stroke 
 
Three children (3/22) died within 30 days of a stroke, yielding an overall 30-day 
case-fatality rate of childhood stroke of 14 percent. As all the three children had 
IPH (one of them had intracerebellar haemorrhage), the 30-day case-fatality rate 
for IPH was 43 percent (3/7). All deaths occurred within two to four days of 
stroke onset. The etiological factors of these cases were aneurysm, arterio-
venous malformation and lupus nephritis with antiphospholipid syndrome. No 
patients with AIS died during the first 30 days.  
 
 

5.2. Clinical presentation of paediatric stroke 
 

5.2.1. Clinical presentation of perinatal stroke 
 
All children with neonatal stroke (12/38) presented symptoms within the first 
days of life (see Table 4). The most frequently registered symptoms were 
seizures (11/12), changes in muscular tone (9/12) and disturbed level of 
alertness (8/12). In patients with neonatal seizures, epileptic dischargers on 
EEG were confirmed in 3/11 cases. Hypoxic-ischemic encephalopathy 
(according to Sarnat and Sarnat, 1979) was diagnosed in 10/12 newborns: grade 
I in one, grade II in 7 and grade III in 2 cases. Nine neonates required intensive 
care treatment and five were intubated and needed artificial ventilation. 

Among the 26 presumed perinatal stroke cases, only six (23 percent) 
presented mild clinical signs in the neonatal period (Table 4). Mild changes of 
muscular tone were documented in five of these cases. After the neonatal 
period, 22/26 children required medical attention because of hemiparesis and 
4/26 due to seizures. The mean age at the emergence of symptoms was 8.0 
months (range: one month to two years).  
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Table 4. Clinical presentation of perinatal stroke in the neonatal period 

Syptoms 
Neonatal stroke Presumed perinatal stroke 

N = 12 (%) N = 26 (%) 
Seizures 11 (92%) – 

Focal 5 – 
Secondarily generalized 6 – 

Muscular tone changes 9 (75%) 5 (19%) 
Hemiparesis 4 2 
Hypotony 4 2 
Hypertony 1 1 

Disturbed level of alertness 8 (67%) 2 (8%) 
Irritability 4 2 
Lethargy 4 – 

Respiratory problems 7 (58%) 2 (8%) 
Feeding difficulties 1 (7%) 1 (4%) 

 
 

5.2.2. Age at onset and clinical presentation  
of childhood stroke 

 
The median and mean ages at symptom onset for children from both the 
retrospective study and the prospective study were 11.4 and 10.4 years for TIA, 
5.9 and 6.4 years for AIS, 10.0 and 8.9 years for IPH, 15.0 and 15.0 years for 
SAH, and 15.5 and 15.5 years for SVT patients.  

Table 5 lists the main clinical symptoms of the patients from retrospective 
and prospective studies. As the table shows, diffuse signs (headache and 
decreased level of consciousness) were more common in patients with IPH and 
SVT, compared to AIS (93–100 percent vs. 42 percent respectively), whereas 
focal symptoms were seen more often in patients with AIS (100 percent vs. 64 
percent, respectively). In patients with AIS, hemiparesis was right-sided in 
16/22 cases (73 percent) and left-sided in 8/22 cases (36 percent). Seizures were 
present in three patients (3/24, 13 percent) with AIS and in 5/14 patients (36 
percent) with IPH. Children with AIS aged between one month and one year 
(3/24) did not present seizures more often than older children (1/3 vs. 2/21, 
P=0.34) or altered mental status (1/3 vs. 7/21, P=1). Similarly, children with 
IPH aged <1 year (3/14) did not present with seizures more often than older 
children (2/3 vs. 3/11, P=0.51) or altered mental status (2/3 vs. 11/11, P=0.21).  
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Table 5. Clinical presentation of childhood stroke and TIA in the acute period 

Symptom 
TIA AIS ICH SAH SVT 

N=6 (%) N=24 (%) N=14 (%) N=2 (%) N=2 (%) 
Focal signs 6 (100) 24 (100) 9 (64) – 1 (50) 
Hemiparesis 6 (100) 22 (92) 9 (64) – – 
Visual field deficit – 2/21* (10) – – – 
Speech deficit 3 (50) 8/21* (38) 2/11* (18) – 1 (50) 
Ataxia – 4 (17) – – – 
Diffuse signs – 10 (42) 13 (93) 2 (100) 2 (100) 
Decreased level of – 8 (33) 13 (93) 1 (50) 1 (50) 
consciousness      
Headache – 5/21* (24) 8/11* (73) 2 (100) 2 (100) 
Seizures – 3 (13) 5 (36) – 1 (50) 
Other signs – 9 (38) 7 (50) 1 (50) 2 (100) 
Vomiting – 6 (25) 6 (43) 1 (50) 2 (100) 
Fever – 5 (21) 3 (21) 1 (50) – 

* Visual field defect, aphasia and headache were not assessable in infants. 
 
 

5.3. Risk factors of paediatric stroke 
 

5.3.1. Risk factors of perinatal stroke 
 
Previously identified risk factors for perinatal stroke (up to 2006) were 
identified in 12 cases (32 percent). These were made up of: Protein C deficiency 
(2), hyperhomocysteinemia (3), preeclampsia (7), intrauterine growth restriction 
(2), and chorionamnionitis (3). Four children had more than one risk factor. 
Four new studies have been published since 2007 that have assessed the 
maternal and peripartum risk factors (Benders et al., 2007; Chabrier et al., 
2010) or prothrombotic risk factors (Herak et al., 2009; Simchen et al., 2009) of 
perinatal AIS. In the view of pooled data from earlier and recent case-control 
studies, risk factors were present in 87 percent (33/38) of children with perinatal 
stroke. Additionally, primiparity (19), emergency caesarean section (8), Apgar 
score <7 at one minute (8), cord pathology (6), rescusitation at birth (4), history 
of foetal loss (4), intrauterine growth restriction (2), prolonged second stage of 
the delivery (2), vacuum delivery (1), PT 20210G>A mutation (1), and 
antiphospholipid antibodies (1) were identified. All five cases that did not have 
risk factors had presumed perinatal stroke with uneventful pregnancies. In two 
of these five cases, delivery and thrombophilia screening took place without any 
pathology, but they had dyslipoproteinemia in blood analyses. Another two 
children were delivered via elective surgery and in one case, the delivery was 
rapid (<5 hours). Thrombophilia screening was performed partly to these three 
children.  

12
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A comparison between children with neonatal stroke and presumed perinatal 
stroke revealed male predominance within children with early diagnosis. 
Statistically, children with neonatal stroke were born more often from the first 
delivery and had greater birth weight (P<0.05, see Table 3 in Paper I). Placental 
pathology and asphyxia occurred significantly more often among children with 
presumed perinatal stroke (P<0.01).  

 
 

5.3.2. Risk factors and neuroimaging features  
of childhood stroke 

 
Thirty-one percent of patients (15/48) had a previously known underlying 
condition; 5/6 (83 percent) children with TIA, 15/24 (63 percent) children with 
AIS, 12/16 (75 percent) children with haemorrhagic stroke and one of two 
children with SVT were considered healthy prior to the stroke. 

Transient ischemic attack. Six children with TIA and without AIS during 
follow-up had the following risk factors: one (1/6) had a history of acute 
lymphoid leukaemia. Thrombophilia screening was performed on 4/6 children 
and hyperhomocysteinemia was detected in three children. Cardiac investi-
gations were performed on 3/6 children, and ventricular septal defect was 
detected in one child. One patient (1/6) was not investigated for risk factors. Of 
the three patients with TIA followed by AIS, one had patent foramen ovale, but 
the other two patients were not investigated thoroughly.   

Arterial ischemic stroke. MRI was performed in 21/24 patients and CT only 
in 3/24 children with arterial ischemic stroke. Diffusion-weighted MRI was 
performed in the acute phase in 5/24 children. Ischemic lesions were located in 
the left hemisphere in 12/24 (50 percent), in the right hemisphere in 8/24 (33 
percent) and bilaterally in 4/24 (17 percent) cases. In 15/22 AIS cases (68 
percent), the lesion was located in the basal ganglia and/or internal capsule, 
whereas in 7/22 cases (32 percent) it was located in the cerebral lobes. 
In order to study the risk factors, cardiac investigations (electro- and 
echocardiography) were performed in 18/24 children with arterial ischemic 
stroke, thrombophilia screening in 18/24, and cerebral vascular imaging (MRA) 
in 16/24. In 5/18 investigated cases (24 percent), a possible intra- or trans-
cardiac reason was identified (patent foramen ovale in four cases and sinus 
arrhythmia in one case). Inherited and acquired hypercoagulable situations were 
present in 9/24 children: prothrombotic factor (seven of 18 investigated cases, 
39 percent), nephrotic syndrome in one child and infection-related dehydration 
(possible mechanism) in three children. Among prothrombothic factors, six 
children had hyperhomocysteinemia and two children had TT677 
genotype of MTHFR gene, a combination of them was present in one 
child.  
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MRA revealed arteriopathy in 4/16 children (25 percent). Of these, unilateral 
stenosis (2) or occlusion (1) of the proximal part of middle cerebral artery 
occurred in three patients and bilateral occlusion of anterior and middle cerebral 
arteries and unilateral stenosis of posterior cerebral artery was found in one 
child with William’s syndrome. Anatomical (rather than pathological) 
aberrations of cerebral vessels were described in another four of the 16 (25 
percent) cases. Head trauma was in anamnesis in 7/24 children, comprised of 
inflicted brain injury (2), cerebral contusion (1) and mild head trauma (4). In 
one case, AIS was a complication of maxillary hemangioma surgery and brain 
ischemia occurred in one case as a complication of bacterial meningitis.  

Haemorrhagic stroke. Haemorrhagic stroke was diagnosed in 16 patients. 
IPH was detected in 14 of these cases and SAH in the other two. Arteriovenous 
malformation was identified in 7/14 cases of IPH; other causes were aneurysm 
(1), use of amphetamine (1), hypertension caused by glomerulonephritis (1), 
lupusnephritis with antiphospholipid syndrome and peritoneal dialysis (1), and 
meningoencephalitis (1). The cause of IPH remained unknown in 3/14 cases. 
Subarachnoid haemorrhage was caused by basilar artery aneurysm in one case; 
the cause of the other case remained unknown but haemorrhage was preceded 
by extensive psychical and physical stress.  

Sinovenous thrombosis. Two cases of SVT were diagnosed and possible 
aetiology was identified in both. The first child had hormone-dependent 
minimal change nephrotic syndrome since two years of age as an underlying 
disease and developed SVT with multiple locations (superior sagittal sinus, 
venous confluence, straight sinus, left transverse sinus, sigmoid sinus, and rear 
part of internal jugular vein) but without infarction after an exacerbation of the 
disease and excessive diuretic treatment at 15 years of age. The other patient 
was a heterozygous carrier of both FVL and PT 20210G>A mutation and 
homozygous to MTHFR 1298A>C polymorphism and had left temporal 
haemorrhagic infarction concomitantly with transverse and sigmoid sinus 
thrombosis.  

In total, risk factors were identified in 41/48 of children with with 
cerebrovascular disease (85 percent). In 21/24 AIS cases (88 percent), at least 
one risk factor was identified, with more than one risk factor identified in 6/24 
(25 percent) children. Eight of 15 children with one identified risk factor were 
only partly investigated.  
 
 

5.4. Outcome of perinatal stroke 
 
All children with perinatal stroke had evidence of hemiparesis at outcome. It 
was right-sided in 32/38 cases (84 percent) and left-sided in 6/38 (16 percent), 
grade I (mild) in nine cases, grade II (moderate) in 17 cases and grade III 
(severe) in 12 children. Severe hemiparesis (stage III) occurred more often 
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among patients with neonatal stroke (OR=6.9; 95 percentCI 1.40; 33.57, Table 
6).  

Thirteen children in the study group (34 percent) had developed epilepsy by 
the mean age of three years (range: nine months to seven years). Six children 
had complex focal seizures, five had simple focal seizures and two had complex 
focal seizures with secondary generalisation. Epilepsy occurred in the same 
proportion of children with neonatal stroke and presumed perinatal stroke (log-
rank P=0.916, Table 6). 
 
Table 6. Outcome of perinatal stroke  

 Neonatal 
stroke PPS 

OR 95% CI P value  N=12 N=26 
Grade of hemiparesis      

Severe 7 (58%) 5 (19%) 5.9 1.30; 26.5 P=0.0258 
Mild-moderate 5 (42%) 21 (81%)    

Epilepsy 4 (33%) 9 (35%) 1.1* 0.30; 3.39 P=0.9820 

PPS – presumed perinatal stroke; * Relative risk (RR) 
 
 

5.5. Time lag to diagnosis of childhood arterial 
ischemic stroke 

 
Figure 2 shows the median time delays. AIS developed in previously sick 
children in the hospital in three of the 24 cases. The total median delay (interval 
from symptom onset to diagnosis of AIS) was 132 hours (5.5 days, at average 
9.2 days). There was no significant difference between retrospective and 
prospective studies (P=0.745). Within the first six hours after symptom onset, 
initial medical assessment was performed in 64 percent of the children (14/22) 
and first neuroimaging in 50 percent (11/22). The diagnosis of AIS was 
established within six hours after symptom onset in 18 percent of the children 
(4/22).  

Only nine of 22 initial neuroimaging scans (CT in 20 cases) were considered 
indicative of ischemic stroke (see Figure 3). The misinterpretation was caused 
by normal findings in 6/22 cases and by misleading features on neuroimaging in 
7/22 cases. Altogether, the diagnosis of AIS was the first choice of medical 
personnel in 12/24 cases (50 percent). In the remaining cases, the following 
initial diagnosis was suspected: encephalitis (1), meningitis (1), brain tumour 
(3), cerebral commotion (3), cerebral contusion (2), epileptic postictal 
hemiplegia (2). The final diagnosis was made by a confirmative MRI/MRA 
study with an average delay of 2.4 months (range: two days to 13 months).  
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Figure 2. Median time delays in diagnosis of childhood AIS 
 
 

 
 
Figure 3. Neuroimaging features in 22 children with childhood AIS 
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5.6. Association between factor V Leiden and 
prothrombin 20210G>A mutation and  

paediatric ischemic stroke  
 

5.6.1. Case-control study 
 
FVL heterozygosity was found in three patients: one with perinatal AIS 
(presumed perinatal stroke), one with neonatal SVT, and one with childhood 
SVT. PT 20210G>A heterozygosity was also detected in three children, one of 
whom had perinatal AIS (presumed perinatal stroke) and two of whom had 
childhood SVT. No homozygote was identified in the study group.  

A 16-year-old girl with SVT was heterozygous for both FVL and PT 
20210G>A mutation. She was also homozygous to MTHFR gene 1298A>C 
polymorphism. One year after the SVT event, she gave birth to a son. During 
pregnancy, she received low molecular weight heparin treatment and both 
pregnancy and delivery were uncomplicated. In family history, many relatives 
had suffered from cerebrovascular accident in their sixties. In relation to this 
patient’s gene findings, other relatives were tested. Her father was not a carrier 
of FVL nor PT 20210G>A mutation but he was double heterozygous for 
MTHFR 677C>T and 1298A>C polymorphisms. The patient’s mother was not 
investigated for gene mutations but she should be a carrier of FVL and PT 
20210G>A mutation, as a cousin from her mother’s side was tested during 
pregnancy and she was double-heterozygote for FVL and PT 20210G>A 
mutation (she was also treated with low molecular weight heparin during 
pregnancy.)  

The population recorded a heterozygotes prevalence of three percent for the 
FVL (12/400) and 3.25 percent for PT 20210G>A mutation (13/400). As no 
homozygotes for either mutations were recorded, allele prevalences for the FVL 
and PT 20210G>A mutation were 1.5 percent (1:67) and 1.6 percent (1:61), 
respectively. The frequencies (patients vs. controls) and ORs with 95% CIs 
obtained from the comparison between children with ischemic stroke and the 
control group are summarised in Table 7.  

Both FVL and PT 20210G>A occurred statistically significantly more 
frequently among patients with SVT than in the control population (OR=12.9, 
95% CI: 2.29–73.0; OR=11.9, 95% CI: 2.11–67.2, respectively). The difference 
between childhood/perinatal AIS and the controls was not significant.   
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Table 7. Prevalence of factor V Leiden and prothrombin 20210G>A mutation in cases 
and controls  

Type of stroke 
Cases Controls   

Het Total % Het Total % OR 95% CI 
Factor V Leiden 3 75 4.0 12 400 3.0 1.35 0.37–4.90 
Childhood AIS 0 19 0.0    –  
Perinatal AIS 1 49 2.1    0.67 0.09–5.30 
SVT 2 7 28.6    12.9 2.28–73.0 
PT 20210G>A 3 75 4.0 13 400 3.25 1.24 0.34–4.46 
Childhood AIS 0 19 0.0    –  
Perinatal AIS 1 49 2.1    0.62 0.08–4.85 
SVT 2 7 28.6    11.9 2.11–67.2 

Het = heterozygotes 
 
 

5.6.2. Meta-analyses of factor V Leiden and  
prothrombin 20210G>A mutation in paediatric  

sinovenous thrombosis patients 
 
Six case-control studies from five countries, including the present study, with 
258 SVT case subjects and 1265 control subjects, were included in the meta-
analysis on FVL (Hagstrom et al., 1998; Bonduel et al., 2003; Heller et al., 
2003; Kenet et al., 2004; Miller et al., 2006). The prevalence of FVL among 
case subjects was 12.8 percent and 3.6 percent among control subjects. Carriers 
of the FVL were 3.1 times more likely to develop SVT (95% CI: 1.8–5.5), see 
Figure 1 in Paper III. No significant inter-study heterogeneity was observed 
(P=0.66). The Egger test result was not significant (P=0.96), which suggests a 
low probability of publication bias. Meta-analyses performed separately for 
neonatal and childhood SVT showed a significant association between FVL 
mutation and neonatal SVT (OR=5.5, 95% CI 2.1–14.5) but no significant 
association with childhood SVT (see Table 2 in Paper III). 

Five case-control studies from five countries, including the present study, 
with 249 SVT case subjects and 1200 control subjects, were included in the 
meta-analysis on PT 20210G>A (Bonduel et al., 2003; Heller et al., 2003; 
Kenet et al., 2004; Miller et al., 2006). PT 20210G>A was present in 5.2 
percent of case subjects and 2.5 percent of control subjects. Carriers of the FVL 
were 3.1 times more likely to develop SVT (95% CI: 1.4–6.8) (see Figure 2 in 
Paper III). No significant inter-study heterogeneity was observed (P=0.45). The 
Egger test result was not significant (P=0.81), which suggests a low probability 
of publication bias. Meta-analyses performed separately for neonatal and 
childhood SVT showed a significant association between PT 20210G>A 
mutation and childhood SVT (OR=5.3, 95% CI 1.4–19.8) but no significant 
association with neonatal SVT (see Table 2 in Paper III). 
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6. DISCUSSION 
 
Every country requires epidemiological studies in order to obtain evidence-
based data. This data is extremely important for planning medical and social 
care. On one hand, these studies provide more accurate data regarding the 
profile of the subtypes of disease, clinical symptoms, age variations, gender 
distributions, etiological factors, diagnostic strategies and outcome results than 
do reports about hospital case series. On the other hand, the quality of these 
studies depends on the quality of diagnosis, the size of study chohort and the 
technical and laboratory equiqment used.  

Estonia, with its small population, well-developed medical care, solidarity-
based insurance system and strong cooperation between different levels of 
medical specialists (family physicians, paediatricians and neurologists) and 
researchers of Tartu University, facilitates epidemiological studies in the field 
of paediatric neurology. 
 
 

6.1. Incidence of paediatric stroke in Estonia 
 

6.1.1. Incidence and neuroradiological features  
of perinatal stroke 

 
According to this study, the incidence rate of perinatal stroke in Estonia is 63.4 
per 100,000 live births. As far as can be ascertained, this is the third published 
study that has aimed to determine the incidence rate for both neonatal and 
presumed perinatal stroke. Two previous population-based studies of perinatal 
stroke considering both neonatal and presumed perinatal stroke found incidence 
rates lower than the present study (Wu et al., 2004; Lee et al., 2005; Table 1). 
One reason for this could be that both studies only included arterial ischemic 
strokes, whereas the present study also included children with haemorrhagic 
stroke, as well as children with AIS presented as unilateral periventricular white 
matter lesions, as classified above (Boardmann et al., 2005; Wu et al., 2006).  

In order to make a comparison with prior studies of neonatal stroke, it was 
necessary to separately analyse the incidence of perinatal arterial stroke 
diagnosed in the neonatal period (20.0 per 100,000 live births), which is lower 
than in earlier studies (Table 1), even though haemorrhagic cases were included. 
There is no current consensus regarding whether to include only ischemic cases 
or to also include haemorrhagic cases in epidemiological studies of perinatal 
stroke. It was decided to include haemorrhagic cases of perinatal stroke in this 
study because the pathogenetic mechanisms are often combined in perinatal 
damage: the neuroradiological follow-up showed porencephaly in arterial 
distribution in later stage in six of the seven cases with intracranial bleeding 
diagnosed in the neonatal period.  
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Eleven of the 12 neonates with early diagnosis demonstrated evidence of an 
acute brain insult in neuroradiology. This data correlates well with the study of 
Cowan et al. (2003), which showed that 80 percent of term newborns with 
encephalopathy had evidence of acute hypoxic-ischemic brain lesions in MRI. 
That finding contradicted the previous opinion about the brain damage during 
the foetal period. In the present study, hypoxic-ischemic encephalopathy was 
diagnosed in 83 percent of cases of neonatal stroke. This supports the need for 
MRI investigation in all children with clinical symptoms of encephalopathy. 
Left-sided brain damage occurred more often than right-sided in the study 
group, which is consistent with other results (Ramaswamy et al., 2004; Golomb 
et al., 2001; Schulzke et al., 2005; Lee et al., 2005; deVries et al., 1995). In one-
third of cases, the other side of brain was also affected, albeit to a smaller 
extent. Studies on animal models of neonatal stroke have shown that after a 
large unilateral neonatal hypoxic brain injury, apoptotic processes are present in 
both hemispheres (D’Arceuil et al., 2000). No difference in side of brain 
damage was observed between children with neonatal stroke and presumed 
perinatal stroke.  

A subject of debate has been which remote brain lesions on neuroimaging 
should be classified under presumed perinatal stroke in children with congenital 
hemiparesis. An excellent review of this topic was published recently (Kirton et 
al., 2008), which defines the vascular syndromes of presumed perinatal stroke. 
According to that study, brain lesions of presumed perinatal stroke can be 
divided into the following categories: (1) cortical, caused by the interruption of 
blood flow in the main braches of the cerebral arteries, and (2) subcortical, 
caused by either (a) AIS in the territory of lateral lenticulostriate arteries or (b) 
infarction in venous territory. Lateral lenticulostriate stroke is characterised by 
lesions in basal ganglia and the posterior limb of the internal capsule, while 
periventricular white matter encephalomalacia with relatively spared basal 
ganglia is characteristic of remote periventricular venous infarction (Kirton et 
al., 2008). In that study’s cohort, main branches of middle cerebral artery 
(cortical damage) were affected in 66 percent of the cases, lateral lenti-
culostriate stroke occurred in seven percent of cases and periventricular venous 
infarction in 20 percent of children with presumed perinatal stroke. Rare lesions 
occurred in seven percent of cases. The present study showed a greater 
proportion of subcortical damage: neuroimaging revealed cortical damage in 42 
percent of children with presumed perinatal stroke, probable lateral lenti-
culostriate stroke in 15 percent and probable periventricular venous infarction in 
42 percent of children.  

It is difficult to estimate the exact timing of brain lesions in children with 
presumed perinatal stroke when the first neuroradiological study is performed 
several months after the acute event. A vascular event may have occurred 
before labour, during labour or (subclinically) in the neonatal period (Govaert et 
al., 2009a). In some cases, neuroimaging provide indisputable evidence; for 
example, porencephaly with polymicrogyria can refer to an antenatal onset in an 
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infant born after 26 weeks’ of gestation (Govaert et al., 2009a). Further 
investigations are needed to specify whether perinatal stroke with delayed 
clinical presentation takes place rather before, during or after the delivery.  

According to definition, neonatal haemorrhagic stroke includes IPH and 
SAH (Govaert et al., 2009a). In the present study, haemorrhagic lesions were 
found in seven of 12 children with neonatal stroke, including four children with 
intraventricular haemorrhage. In all cases of intraventricular haemorrhage, only 
ultrasound was performed in the neonatal period; after the neonatal period, 
neuroimaging demonstrated large porencephalic lesions in periventricular or 
cortical regions, which implies that cerebral parenchyma was involved in the 
cerebrovascular event. The possibility that not all haemorrhagic cases had 
arterial origin cannot be also excluded.  
 
 

6.1.2. Incidence and 30-day case-fatality of childhood stroke 
 
The nationwide prospective population-based study identified the incidence rate 
of childhood stroke in Estonia as 2.73 per 100,000 person-years for children 
aged between one month and 18 years. Including patients with TIA, the 
incidence rate is 2.98 per 100,000 person-years. The study data correlate well 
with previous population-based studies (Table 2). The incidence rate of 
childhood stroke in Estonia is markedly lower than perinatal (63/100,000) or 
adult stroke rates (233/100,000, Vibo, 2007) in Estonia. The study revealed an 
incidence rate of AIS 1.61 per 100,000 person-years, which is similar to 
previous data of 0.6–2.1/100,000 (Table 2); this assumes the exclusion of the 
study from France with an extremely high incidence rate (7.9/100,000). An 
increase of childhood stroke incidence would have been expected in more 
recent studies as a consequence of the increased recognition and possibilities of 
modern neuroradiology (Pappachan and Kirkham, 2008). Kleindorfer et al. 
(2006) studied temporal trends in the incidence of stroke in children and did not 
find a statistically significant increase over a 10-year period. However, there 
was a trend towards an increase in the incidence of strokes over time and a 
larger sample size may have demonstrated the difference.  

The current study suggests an incidence rate of childhood SVT (excluding 
neonates) of 0.25/100,000 person-years. Previous studies have found the 
incidence rate of childhood SVT to be 0.35 per 100,000 (Heller et al., 2003) 
and 0.38/100,000 (deVeber et al., 2001), which are slightly higher than the 
present study. If there had been one more patient with SVT diagnosis during the 
epidemiological study period, the incidence rate of childhood SVT would have 
been 0.37 per 100,000, which is very similar to the results of Heller and 
deVeber. Admittedly, one patient could have been underdiagnosed during the 
study period. Many authors feel that SVT is underdiagnosed because its 
symptoms are non-specific and the diagnosis can be missed if CT venography 
or magnetic resonance venography is not performed (Sebire et al., 2005). 
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TIA is not routinely included in childhood stroke studies, most probably 
because the symptoms only last for a short time and children do not reach 
medical attention or the symptoms are misinterpreted. This study is the first to 
suggest a childhood TIA incidence rate of 0.37 per 100,000 person-years. Three 
patients were found to have TIA during the study period, which represented 14 
percent (3/22) of the total group of childhood cerebrovascular disorders. This is 
similar to the proportion (12.5 percent) in the only population-based study on 
childhood stroke that included TIA (Zahuranec et al., 2005). There is a 
possibility that some patients who suffered from TIA with serious comorbidities 
may not have been coded by their treating physicians (personal contact).  

In the current study, all stroke cases were investigated in one of two tertiary 
children’s hospitals of Estonia. Using a multitier process for case ascertainment, 
Fullerton et al. (2007b) found that nine percent of haemorrhagic stroke cases 
had only outpatient diagnostic evaluation. In Estonia, outpatient diagnostic 
evaluation of childhood stroke is excluded by a consensus agreement that all 
children with any neurological or developmental problems should be consulted 
and investigated by a child neurologist in one of the two tertiary children’s 
hospitals. A well-developed health care system and solidarity insurance system 
would be likely to exclude the possibility of losing study patients because of the 
excessive distances or prohibitively expensive medical aid involved (Sudlow 
and Warlow, 1996).  

Sixty-seven percent of the patients of ischemic stroke in the prospective 
study group were males (male:female ratio: 1.4:1). Despite this, the study did 
not show a significant (P>0.05) male predominance, probably because of the 
small sample size. Zahuranec et al. (2005) showed that a childhood population 
of five million is needed in order to prove a 1.3:1 rate ratio in paediatric stroke 
studies. However, the result of the current study is in concordance with previous 
findings, including that of the International Pediatric Stroke Study of 1187 
children, which indicated a male-to-female ratio of 1.5:1 (Golomb et al., 2009). 

According to previous studies, half of stroke cases occur before the age of 
six years (Lanthier et al., 2000) and infants have the highest annual stroke 
incidence of any age group (Fullerton et al., 2003). In contrast, the median age 
of stroke onset in the current study was 10.1 years. As found in previous studies 
(Fullerton et al., 2003), AIS was more commonly diagnosed in younger 
children and haemorrhagic stroke in older children (see Figure 1 in Paper II).  

The prospective study did not reveal any death cases of childhood AIS 
within 30 days. Previous studies have found 30-day case-fatality among 
childhood AIS patients to be 4–16 percent (Lanthier et al., 2000; Broderick et 
al., 1993; Fullerton et al., 2003; Fullerton et al., 2007a). Some cases may be 
missed as forensic and in-hospital autopsy databases were searched only in 
Tartu. On the othe hand, our data support the finding of Fullerton et al. (2002) 
that mortality from strokes in children has been decreasing over the years. At 
the same time, three out of seven haemorrhagic stroke cases in the present study 
died, which yielded a 30-day fatality rate of 43 percent. This is slightly higher 
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than the 20–34 percent that has been reported previously (Broderick et al., 
1993; Lanthier et al., 2000; Fullerton et al., 2007a; Lo et al., 2008).  
 
 

6.2. Clinical presentation of paediatric stroke 
 

6.2.1. Clinical presentation of perinatal stroke 
 
Given that the diagnosis of perinatal stroke is delayed in two-thirds of cases, the 
study was interested to determine the feasibility of promoting diagnosis earlier. 
The study found that neonatal seizures were the most common clinical finding 
that leads to further investigations, which correlates with previous studies 
(Fujimoto et al., 1992; Jan and Camfield, 1998; Sreenan et al., 2000; Wu et al., 
2004; Golomb et al., 2008b; Chabrier et al., 2010). Neonatal seizures were not 
mentioned in the medical records in any case of presumed perinatal stroke, 
which implies that in order to improve the early diagnostics of perinatal stroke it 
is necessary to look carefully for clinical signs other than neonatal seizures. One 
in five of the retrospectively diagnosed children presented with changes of 
muscular tone during the neonatal period. These changes should serve as 
indications of imaging.   
  
 

6.2.2. Clinical presentation of childhood stroke 
 
Most of the cases of childhood AIS (92 percent) presented with hemiparesis in 
the present study. Seizures were present in 13 percent cases of AIS, which is a 
smaller proportion than the 18–35 percent reported in earlier studies (Eeg-
Olofsson et al., 1983; Zahuranec et al., 2005; Shi et al., 2008; Giroud et al., 
1997). Zimmer et al. (2007) proposed that children with cerebral ischemic 
stroke aged under one year were more likely to present with epileptic seizures 
and altered mental status than children aged over one year. The present study 
was unable to confirm this association as there were only a few children aged 
less than one year in the study group. It is quite unlikely that any infants with 
stroke, presenting with seizures or altered mental status were missed, because 
neuroradiological investigations are routinely performed in such cases in 
Estonia.  

Acute focal signs were present in 64 percent of IPH cases in the study, which 
is more than reported in previous studies (13 percent to 50 percent) (Al-Jarallah 
et al., 2000; Meyer-Heim et al., 2003; Beslow et al., 2010). Lo et al. (2008) 
have showed that neurological deficits are more common among children of at 
least six years of age than they are in younger children. This may partly explain 
the high percentage of focal neurological deficits among our cases of IPH, as 
children suffering from IPH in the present study were older than in studies by 
Meyer-Heim et al. (2003) and Beslow et al. (2010). In the present study,  
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71 percent of children with IPH were at least six years of age, compared to 59 
percent in Mayer-Heim’s study. Thirty-six percent of patients with IPH had 
seizures at the onset, which is within the previously reported range (27–41 
percent) (Al-Jarallah et al., 2000; Meyer-Heim et al., 2003; Beslow et al., 
2010). 
 
 

6.3. Risk factors of paediatric stroke 
 

6.3.1. Risk factors of perinatal stroke 
 
This study revealed risk factors that had been previously identified (up to 2007) 
for perinatal stroke in 32 percent of children. When risk factors of perinatal 
stroke were reanalysed based on the data from recent case-control studies 
(Benders et al., 2007; Chabrier et al., 2010; Simchen et al., 2009), risk factors 
were found in 87 percent of children with perinatal stroke. 

The question remains as to why some children with perinatal stroke are 
symptomatic in the newborn period and others are not. A comparison between 
the two study subgroups revealed that several perinatal factors that had 
previously been associated with perinatal vascular brain damage (Lynch et al., 
2002; Golomb et al., 2001; Lynch et al., 2005; Stelmach et al., 2005), including 
placental pathology and perinatal asphyxia, were significantly more frequent 
among children with early diagnosis. Only prothrombotic factors were more 
common – although not significantly – among children with presumed perinatal 
stroke. This reflects the fact that inherited disorders, rather than adverse events 
around the delivery, play an important role in the pathogenesis of presumed 
perinatal stroke.  
  
 

6.3.2. Risk factors of childhood stroke 
 
Risk factors were identified in 85 percent of children with cerebrovascular 
disease in the study, 87.5 percent of AIS, 81 percent of haemorrhagic stroke and 
100 percent of SVT cases. The proportion of detected risk factors is similar to 
previous studies, although not all patients were investigated thoroughly.  

Ganesan et al. (2003) found that 46 percent of AIS patients had a previously 
known underlying predisposing condition for AIS. The data in the current study 
shows that underlying predisposing cause was found in 31 percent children with 
a cerebrovascular event and in 38 percent of children with AIS. It can be 
concluded from this data that preventive strategies can be planned in a 
considerable proportion of childhood stroke cases. This is especially important 
in cases of head trauma and acute head and neck infections, vasculitis and 
diseases that cause acquired thrombophilic states (such as nephrotic syndrome). 
In the case of previously healthy children without predisposing conditions, 
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feasible risk factor identification (cardiac disease, vasculopathy, coagulopathy) 
makes it possible to plan secondary prevention for recurrent cerebrovascular 
events.  

The amount of small vessel disease is unknown in the present study because 
MRA is liable to miss the detection of small vessel abnormalities (Husson et al., 
2002; Benseler et al., 2006) and because catheter angiography was not per-
formed. At the same time, although the importance of small vessel disease in 
childhood stroke is unknown, isolated involvement of small arteries has been 
estimated to be a rare cause of arteriopathy in childhood stroke (Husson et al., 
2002). 

A recent study has reported that the risk of ischemic stroke is 5.4 for every 
1000 children who undergo a cardiac operation (Domi et al., 2008). The present 
study did not find any cerebrovascular complications after cardiac surgery 
during the study period, although the discharge database of cardiac surgery 
clinic was searched and the child cardiologist of cardiac surgery clinic was 
personally contacted. This may be due to the small number of cardiac 
operations (approximately 40 per year) in Estonia. It is possible that some TIA 
cases were missed and that cardiac surgeons did not code subclinical stroke 
cases.  

Sickle cell disease is a major risk factor for childhood stroke but it is very 
rare in Estonia. Unfortunately, not all children in this study were tested for 
arteriopathies and cardiac disorders and, as a result, the actual stroke aetiology 
profile may be different.  

Trauma preceded AIS in seven of the children in this study. Three of these 
had major head trauma (inflicted brain injury and cerebral contusion) and four 
had mild head trauma. Ischemic lesions may develop in up to 50 percent of 
cases of inflicted traumatic injury (Bonnier et al., 2003) but the exact patho-
physiologic mechanism is unknown. This may be the result of an indirect brain 
and neck injury causing arterial wall dissection. In addition, fat embolism, a 
complication of long-bone fractures, has been suggested (Bonnier et al., 2003). 
Because MRA from extra-and intracranial arteries were not performed on 
children with trauma, it is not possible to confirm or exclude the possible 
mechanism of arterial dissection in these children. 

In the cohort of Lo et al. (2008), the proportion of brain tumours and 
congenital heart disease should be markedly increased among children with 
intracranial haemorrhage due to the widespread use of contemporary imaging 
techniques and improved care of chronic illnesses. None of the children with 
haemorrhagic stroke in the present study suffered from brain tumour or conge-
nital heart disease. It is possible that some cases of subtle clinical mani-
festations, occurring together with more pronounced clinical manifestation, 
such as brain tumour or cardiac surgery, have not diagnosed by treating physi-
cians. Regardless, none of those children had marked residual neurological 
deficit; if they had, they would have reached the paediatric neurologist’s point 
of view.   
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6.4. Neurological outcome of perinatal stroke 
 
Reports of neonates with stroke presenting with seizures but without significant 
birth asphyxia and encephalopathy have demonstrated favorable neurodevelop-
mental outcome (Schulzke et al., 2005; Jan and Camfield, 1998; Fujimoto et al., 
1992). On the other hand, neurodevelopmental outcome was abnormal in all 
patients with neonatal stroke presenting symptoms of encephalopathy in a 
cohort study (Ramaswamy et al., 2004). The present study revealed that 
neonatal stroke is more likely to be followed by a severe stage of hemiparesis 
(P<0.05) than a presumed perinatal stroke. This is consistent with a previous 
finding that more severe symptoms in the newborn period correlate with 
significant disabilities at long-term follow-up (Sreenan et al., 2000). 

The outcome study found that, apart from the persistent hemiparesis, one-
third of cases developed epilepsy with the same occurrence among children 
with early and delayed diagnosis. An earlier study found that 35 percent of 
children with a hemiparetic form of cerebral palsy develop epilepsy (Talvik et 
al., 1987). This contradicts a previous study, in which infants with neonatal 
stroke were more likely to develop epilepsy (Wu et al., 2004). According to 
previous studies, postneonatal epilepsy occurs in 37–67 percent of children with 
neonatal stroke (Lee et al., 2005; Golomb et al., 2007) and in 23–42 percent of 
patients with presumed perinatal stroke (Golomb et al., 2001; Lee et al., 2005; 
Kirton et al., 2008; Fitzgerald et al., 2007). This variability in the prevalence of 
epilepsy may depend on the age of the children in the outcome studies. The 
median age of epilepsy in the present study was 26 months, which is later than 
the 16 months found by Golomb et al. (2007). As with previous studies, 
complex partial seizures were most common type of epilepsy developed after 
perinatal ischemic stroke (Golomb et al., 2001). 

  
 

6.5. Time lag to diagnosis of childhood  
arterial ischemic stroke 

 
This study supports the conclusions from previous studies that the diagnosis of 
childhood AIS is often delayed (Gabis et al., 2002; McGlennan and Ganesan, 
2008; Rafay et al., 2009a). The total median delay to AIS diagnosis in the 
present study was 132 hours, which is much longer than the 20–22.7 hours of 
previous studies (Gabis et al., 2002; Rafay et al., 2009a). One reason for such a 
sizeable difference is that Rafay’s study excluded children with a time delay of 
over 14 days, while the present study did not. In addition, the longest time delay 
in Gabis’ study was 300 hours, compared to 1440 hours in the present study.  

The time delay from symptom onset to initial medical assessment (including 
ambulance) was in 3.3 hours in the current study, which is similar to the 1.7–9 
hours of previous studies (Gabis et al., 2002; Rafay et al., 2009a). In a study of 



60 

adult stroke patients, the patients reached the emergency department with an 
average delay of three hours from the onset of initial symptoms (Agyeman et al., 
2006), although that study excluded patients who arrived later than 48 hours 
after a stroke. In Estonia, 36 percent of adult patients with brain infarct arrive at 
the hospital within three hours (Vibo, 2007). This data indicates that parents in 
Estonia are quite quick to seek help for their children with acute neurological 
problems. 

The longest delay in this study was from the first neuroimaging to the final 
diagnosis of AIS (median 114 hours). The diagnosis of AIS was considered by 
the first physician in 50 percent of the cases in the present study and in 59 
percent of cases, the first neuroimaging was normal or was indicative of another 
disease. This data is very similar to previous findings (Rafay et al., 2009a; 
Braun et al., 2006). Early CT is often negative (Rafay et al., 2009a), but this 
difficulty may be overcome with early use of MRI, diffusion images and MRA 
(Roach et al., 2008). The main reason why physicians did not hurry to order a 
confirming MRI was that there was no practice of using specific treatment for 
childhood AIS in earlier years. Guidelines for the management of childhood 
stroke have since been published (Roach et al., 2008; Monagle et al., 2008) that 
urge physicians to make an early diagnosis of AIS in children in order to start 
with early treatment. 

Another reason for the time delay could be the subacute onset of symptoms 
(Rafay et al., 2009a). Several cases of childhood ischemic stroke, in contrast to 
adult stroke, present with subacute symptoms that cause the delayed diagnosis 
in the first place (Braun et al., 2006; Meyer-Heim et al., 2003).  
 
  

6.6. Association between factor V Leiden and 
prothrombin 20210G>A mutation and  

paediatric ischemic stroke 
 
This study revealed a significant association between FVL and PT 20210G>A 
mutations and SVT in children (OR: 12.9 and 11.9, respectively). Only one out 
of five previous studies showed such an association (Heller et al., 2003). As the 
results of most previous case-control studies conflicted with the present case-
control study, it was felt that a meta-analysis on FVL/PT 20210G>A and 
paediatric SVT was required.  

The meta-analysis on FVL and paediatric SVT suggested that FVL increases 
the risk of SVT in children and newborns 3.1-fold (95% CI: 1.8–5.5). The result 
is in accordance with a meta-analysis of 1430 children with venous throm-
boembolism of different locations, including cerebral venous throm-
boembolism, which showed a 3.5-fold increased risk of the first episode of 
venous thromboembolism among children with FVL (95% CI: 2.57–4.93) 
(Young et al., 2008). According to an adult population meta-analysis, the risk of 
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cerebral venous thrombosis is 3.4-fold higher among FVL carriers (95% CI: 
2.27–5.05) (Dentali et al., 2006).  

The meta-analysis on PT 20210G>A and paediatric SVT suggests that PT 
20210G>A increases the risk of SVT in children and newborns 3.1-fold (95% 
CI: 1.4–6.8). This result is contradictory to previous case-control studies and the 
main reason for this may be the small study groups with large CIs. The result of 
the current meta-analysis is similar to the previous meta-analysis on venous 
thromboembolism of different locations, which reported 2.6-fold increased risk 
among children with PT 20210G>A mutation (95% CI: 1.6–4.41) (Young et al., 
2008). The adult population meta-analysis reported a much higher OR (9.27) of 
developing cerebral venous thrombosis among patients with PT 20210G>A 
mutation (Dentali et al., 2006). 

Meta-analyses performed separately on neonatal and childhood SVT failed 
to show a significant association between childhood SVT and FVL and between 
neonatal SVT and PT 20210G>A mutation. However, there was a strong trend 
towards the association in both cases (OR=2.3; 95% CI: 0.8–6.3 and OR=3.1, 
95% CI: 0.8–12.4, respectively). The main reason for this could be the small 
number of the included studies that caused large CIs. It can be concluded that 
more case-control studies on genetic risk factors of childhood and neonatal SVT 
are needed in order to shed more light on this issue.  

The study did not reveal an association between AIS and FVL or PT 
20210G>A mutation. The data regarding this issue in the literature is 
controversial. The discrepancies may be caused by small study groups, which 
could lead to large CIs, a lack of controls, and technical variability. The most 
significant positive correlation between childhood AIS and FVL was found in 
the study with the largest number of AIS patients among case-control studies by 
German investigators (Nowak-Göttl et al., 1999). They found that children with 
FVL are at six times greater risk (95% CI: 2.98–8.03) of developing childhood 
AIS. At the same time, the prevalence of FVL among the control population 
was twice (six percent) as high as in the present study (three percent). This data 
indicates considerable variance between countries and may reflect ethnic 
diversities, even among European populations.  

At least three meta-analyses have been published that assess the association 
between childhood AIS and FVL and/or PT 20210G>A mutation; unfortuna-
tely, these also provide contradictory results. Chan et al. (2000) performed a 
meta-analysis of five case-control studies of childhood AIS and reported a 
pooled OR of 4.3 (95% CI: 2.8–6.5) for FVL. Another meta-analysis of 453 
children with AIS, by Juul et al. (2002), reported a pooled OR for FVL of 4.79 
(95% CI: 3.26–7.03). Haywood et al. (2005) reported a meta-analysis of over 
500 children, which suggested that FVL and PT 20210G>A are not associated 
with increased risk for childhood AIS. A meta-analyses of over 3000 adult cases 
by Casas et al. (2005) revealed a statistically significant association between 
AIS and both FVL (OR 1.33; 95% CI: 1.12–1.15) and PT 20210G>A mutation 
(OR 1.44; 95% CI: 1.11–1.86).  

16
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Although the results of the present study regarding perinatal and childhood 
AIS show no association between stroke and FVL or PT 20210G>A mutation, it 
is not recommended that testing of newborns and children with AIS for these 
mutations should stop. Firstly, the data in the literature are conflicting and no 
meta-analysis of exclusively perinatal AIS and FVL/PT 20210G>A mutation 
has been published. Secondly, there is an increasing understanding that the 
coexistence of several prothrombotic factors or trombophilia with other risk 
factors, as opposed to a single prothrombotic factor, is required in order to 
develop stroke in children (Amlie-Lefond et al., 2008). Thirdly, according to 
recent treatment guidelines (Roach et al., 2008; Monagle et al., 2008), initiation 
and/or prolongation of anticoagulant therapy depends on the occurrence of a 
prothrombotic factor in a newborn or a child with AIS.  

One particular patient with SVT was double heterozygous to FVL and PT 
20210G>A, and also homozygous for MTHFR 1298A>C polymorphism. 
Patients who are double heterozygous to FVL and PT 20210G>A have a 2.6 
times greater risk of recurrent venous thrombosis than carriers of FVL alone 
(De Stefano et al., 1999). Nearly half (48.4 percent) of the children with first 
spontaneous venous thromboembolism and multiple prothrombotic defects 
experience recurrent venous thromboembolism (Nowak-Göttl et al., 2001b). 
This data stresses the need for anticoagulant therapy for children who have 
suffered from venous thromboembolism and have multiple prothrombotic risk 
factors in situations that predispose them to recurrent venous thromboembolism 
(for example, immobilisation, surgery, central venous lines, smoking). When 
consulting with teenage female patients, more attention should be paid to the 
usage of oral contraceptives, increased risk of thrombosis during pregnancy and 
the enhanced risk of developing other pregnancy complications.  

This is the first report from Eastern Europe for both FVL and PT 20210G>A 
mutations. The reported FVL allele frequency of 1.5 percent in the general 
Estonian population is more infrequent than the 2.7 percent reported for all of 
Europe (Rees, 1996). FVL is very rare in individuals of Asian and African 
descent. Estonia’s closest neighbours, Finland and Russia (Saint Petersburg), 
have the same FVL allele frequency as found in the present study (1.6 percent) 
(Rees, 1996; Tadtaeva et al., 2007).  

The present study reports a PT 20210G>A allele frequency of 1.6 percent in 
the general Estonian population. The total PT 20210G>A allele frequency is 1.0 
percent in Europe (Rosendaal et al., 1998). There is a North to South gradient 
of PT 20210G>A distribution within Europe, with the allele frequency being 
nearly twice as high in Southern Europe (1.5 percent) as it is in Northern 
Europe (0.8 percent) (Rosendaal et al., 1998). Estonia’s location, in North-East 
Europe, means that the allele frequency of 1.6 percent is higher than expected. 
In Russia (Saint Petersburg), the reported PT 20210G>A allele frequency is 
even higher, at 2.1 percent (Tadtaeva et al., 2007). 
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7. CONCLUSIONS 
 
1. The incidence rate of perinatal stroke in Estonia is 63/100,000, or 1/1578 

live births, which is more than estimated in previous studies in other 
countries. The incidence rate of childhood stroke in Estonia is 2.73/100,000, 
which is similar to earlier reported data.  

2. One-third of patients with perinatal stroke have symptoms after birth 
(seizures in 92 percent of cases). The remaining two-thirds reach medical 
attention at a mean age of eight months, mostly (85 percent) because of 
hemiparesis. Focal neurological symptoms occur in all patients with 
childhood AIS, in 64 percent of patients with childhood haemorrhagic stroke 
and in half of the children with SVT.  

3. Risk factors for perinatal stroke and childhood stroke are found in the 
majority of children and are very diverse. According to this study, the most 
frequently identified risk factors of perinatal stroke are primiparity, emergent 
caesarean section, an Apgar score <7 at the first minute, preeclampsia and 
prothrombotic factors. Arteriopathy, cardiac disorder and prothrombotic 
factors are the main risk factors of childhood AIS.  

4. Hemiparesis occurs in all children with perinatal stroke at outcome and is 
moderate or severe in 76 percent of children. Epilepsy develops in one-third 
of children, both with neonatal and presumed perinatal stroke.  

5. The diagnosis of childhood AIS is often delayed. The main delay occurs 
from initial neuroimaging to the final diagnosis, mainly because the initial 
neuroimaging is frequently nonindicative for AIS. 

6. FVL and PT 20210G>A increase the risk of paediatric SVT 3.1 times. 
Investigation of these mutations is indicated in neonates and children with 
SVT.  
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SUMMARY IN ESTONIAN 
 

Laste insult Eestis – epidemioloogia ja riskitegurid 
 
Lastel esineb insulti sagedamini, kui üldiselt arvatakse. Laste insuldi uuringute 
arv on viimastel aastakümnetel tunduvalt kasvanud. Peamised edusammud 
lapseea insuldi diagnoosimisel on seotud neuroradioloogiliste uurimisvõima-
luste olulise paranemise, insuldi teket soodustavate kroonilisi haigusi põdevate 
laste elulemuse pikenemise ja arstkonna suurenenud teadlikkusega lapseea 
insuldist. Insulti esineb lastel täiskasvanutega võrreldes harvem ja kliiniline 
sümptomatoloogia on sageli mittespetsiifilisem (esinevad üldsümptomid: kram-
bid, rahutus, oksendamine, teadvushäired). Laste insuldi tekkemehhanism jääb 
tihti ebaselgeks, sest arvestada tuleb paljusid erinevaid riskitegureid.  

Insult lastel klassifitseeritakse lapse vanuse järgi insuldi tekkimisel: 
perinataalne insult (alates 20. rasedusnädalast kuni 28. elupäevani) ja lapseea 
insult (alates 1. elukuust kuni 18. eluaastani) (Raju jt, 2007; Amlie-Lefond jt, 
2008). Olenevalt vaskulaarsest haaratusest jaguneb insult arteriaalseks ja 
venoosseks (sinovenoosne tromboos). Arteriaalne insult võib olla nii isheemi-
line kui ka hemorraagiline. Hemorraagilise insuldi osakaal lapseea insultidest 
on 30–40% (Kleindorfer jt, 2006), täiskasvanutel aga 17% (Vibo, 2007). 

Perinataalse insuldi haigestumusmäär varieerub uuringutes 17 kuni 43 juhuni 
100 000 elussünni kohta (Wu jt, 2004; Schulzke jt, 2005). Perinataalne insult 
jaotatakse diagnoosimise aja alusel neonataalseks insuldiks (diagnoositud vast-
sündinu perioodis) ja tõenäoliselt perinataalseks insuldiks (diagnoositud pärast 
1. elukuud). Neonataalse insuldi korral esinevad vastsündinuperioodis kliini-
lised väljendunud sümptomid (krambid, teadvushäire jt), mis on näidustus aju 
piltdiagnostikaks. Tüüpiline leid neuroradioloogilistel uuringutel kinnitab neo-
nataalse insuldi diagnoosi. Neonataalse insuldiga vastsündinud moodustavad 
33–58% kõikidest perinataalse insuldiga lastest (Wu jt, 2004; Lee jt, 2005). 
Ülejäänud lastel vastsündinuperioodis sümptomeid ei esine või on tegemist 
minimaalsete sümptomitega, mistõttu piltdiagnostikat ei tehta ja lapsed satuvad 
arstide vastuvõtule mitmeid kuid hiljem hemipareesi ja/või krampide tõttu ning 
neuroradioloogilistel uuringutel ilmneb fokaalne vaskulaarse geneesiga vana 
kahjustuskolle. Sellistel juhtudel kasutatakse terminit ”tõenäoline perinataalne 
insult” (Kirton jt, 2008; Golomb jt, 2008b). Peamisteks perinataalse insuldi 
riskiteguriteks on ema infektsioonid ja trombofiilia, platsenta patoloogia, 
protrombootilised tegurid, südamerikked ja infektsioonid (Lynch jt, 2009). 

Perinataalse insuldiga (neonataalne ja tõenäoline perinataalne insult) lastel 
ilmnevad hiljem mitmed tervisehäired, milleks on motoorikahäire, epilepsia ja 
kognitiivsed häired (Lynch jt, 2009). Neuroloogilistest probleemidest esinevad 
hilistulemusena sagedamini hemiparees (50–87%) (Lee jt, 2005; Golomb jt, 
2008b) ja epilepsia (23–67%) (Golomb jt, 2007; Golomb jt, 2001). Perinataalse 
insuldi suremus ei ole teada, kuna diagnoos hilineb tihti ja surma põhjuseks on 
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sageli kaasuv haigus (Lee jt, 2005). Insuldi kordumisrisk pärast perinataalset 
insulti on väike (3%) (Kurnik jt, 2003). 

Lapseea insuldi haigestumusmäärad varieeruvad erinevates uuringutes 1,3 
kuni 13 juhuni 100 000 lapse kohta aastas (Earley jt, 1998; Giroud jt, 1995). Ka 
lapseeas esineb krampe insuldi esmase sümptomina sagedamini kui 
täiskasvanutel (Chadehumbe jt, 2009). Peamisteks riskiteguriteks arteriaalse 
isheemilise insuldi korral on arteriopaatia, südamepatoloogia, kaasasündinud 
või omandatud protrombootilised häired, infektsioon ja trauma (Dlamini jt, 
2009). Ajusiseste hemorraagiate põhjusteks on arteriovenoossed malformat-
sioonid, hematoloogilised häired, ajukasvajad ja südamerikked (k.a südame-
kirurgia) (Jordan jt 2007; Lo jt, 2008). Lapseea arteriaalse isheemilise insuldi 
diagnoosimine hilineb sageli – harva (10%) diagnoositakse ajuinfarkt lastel 
esimese 3 tunni jooksul (Gabis jt, 2002).  

Sinovenoosset tromboosi esineb nii looteeas (Laurichesse jt, 2008), 
enneaegsetel, (Bassan jt, 2006), ajalistel vastsündinutel kui ka vanematel lastel 
(deVeber jt, 2001; Heller jt, 2003). Viimased uuringud on näidanud, et enne-
aegsete ühepoolne periventrikulaarne hemorraagiline infarkt (endise klassifikat-
siooni järgi IV astme vatsakesesisene hemorraagia) on venoosne infarkt (Volpe, 
2001). Sinovenoosset tromboosi esineb 0,67 juhul 100 lapse kohta ja 43%-l 
juhtudest esineb see vastsündinu perioodis (deVeber jt, 2001). Sümptomid 
sinovenoossee tromboosi korral on lastel, sh vastsündinutel, sageli mitte-
spetsiifilised ja seetõttu arvatakse, et sinovenoosne tromboos on lastel ala-
diagnoositud (Sébire, 2005). Sinovenoosse tromboosi peamisteks riskiteguriteks 
on pea- ja kaelapiirkonna infektsioonid, ägedad ja kroonilised süsteemsed 
haigused, protrombootilised tegurid ja aneemia (deVeber jt, 2001). 

Protrombootilistest teguritest on laste insuldi korral kõige rohkem uuritud 
viienda hüübimisteguri Leideni mutatsiooni (FVL) ja teise hüübimisteguri 
mutatsiooni (PT 20210G>A). Siiani on juhtkontrolluuringute tulemused olnud 
vastuolulised: selle peamiseks põhjuseks on arvatavasti väikesed uurimis-
rühmad, mis tingivad laiad usaldusintervallide vahemikud (Casas jt, 2005). 
Kaks metaanalüüsi on näidanud, et nii FVL kui ka PT 20210G>A soodustavad 
laste arteriaalse isheemilise insuldi teket (Chan jt, 2000; Juul jt, 2002).  

Eestis ja ka mujal Ida-Euroopas puudusid kuni praeguse uurimuseni laste 
ajuinsuldi epidemioloogiat käsitlevad uuringud.  
 
 

Uurimuse eesmärgid 
 
1. Uurida perinataalse ja lapseea insuldi haigestumust.  
2. Uurida perinataalse ja lapseea insuldi kliinilisi sümptomeid. 
3. Uurida perinataalse ja lapseea insuldi riskitegureid. 
4. Uurida perinataalse insuldi neuroloogilist hilistulemust. 
5. Uurida lapseea arteriaalse isheemilise insuldi diagnoosimise kiirust. 
6. Uurida FVL ja PT 20210G>A mutatsioonide seost laste isheemilise 

insuldiga. 

20
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Uurimisrühmad ja meetodid 
 
Perinataalse insuldi uuring toimus tagasivaatavalt aastatel 1994–2002 ja 
edasivaatavalt aastal 2003. Rahvusvahelise haiguste klassifikatsiooni (RHK-9 ja 
RHK-10) koodide otsingu ja isiklike kontaktide abil selgitati välja kõik 
kaasasündinud hemipareesiga lapsed, kes olid sündinud Ida- või Lõuna-Eestis 
ning kellele oli diagnoos pandud kas Tartu Ülikooli Kliinikumi (TÜK) 
Lastekliinikus või Tallinna Lastehaiglas. Uuringusse kaasamise kriteeriumid 
olid järgmised: a) fokaalne ajukahjustus (infarkt, ajusisene või subarahnoidaalne 
hemorraagia) kompuuter- või magnetresonantstomograafia uuringul, b) ges-
tatsioonivanus vähemalt 32 nädalat ja c) insult tekkinud perinataalses perioodis 
(kuni 1 kuu vanuses). Uuringust väljaarvamise kriteeriumiteks olid fokaalse 
ajukahjustuse mittevaskulaarsed põhjused: metaboolne insult, trauma, entsefaliit 
ja ajutuumor. Uuringukriteeriumitele vastas 38 last. Laste jälgimisaeg oli 
keskmiselt 7 aastat (2 kuni 12 aastat).  

Lapseea insuldi epidemioloogiline uuring oli edasivaatav ja hõlmas kogu 
Eestit. Patsiendid leiti uuringusse 1) RHK-10 koodide otsinguga TÜK laste-
kliinikust, Tallinna Lastehaiglast, TÜK närvikliinikust, TÜK kardioloogia-
kliinikust ja Põhja-Eesti Regionaalhaiglast, 2) isiklike kontaktide põhjal, 
3) TÜK kohtumeditsiini- ja lahanguprotokollidest. Uuringurühma kaasati kõik 
lapsed vanuses 1 kuu kuni 18 aastat, kes haigestusid insulti aastatel 2004–2006 
(22 last). Kliiniliste sümptomite ja riskitegurite analüüsi olid kaasatud ka 
tagasivaatavalt tuvastatud aastatel 1995–2003 insulti haigestunud lapsed Ida- ja 
Lõuna-Eestist (kokku 48 last). Uuringusse kaasati lapsed, kellel oli diagnoositud 
transitoorne ajuisheemia, arteriaalne isheemiline insult, hemorraagiline insult 
või sinovenoosne tromboos. 

Lapseea insuldi diagnoosimise kiiruse uuringus osalesid epidemioloogilises 
uuringus tuvastatud 22 arteriaalse isheemilise insuldiga last. 

Geneetiliste riskitegurite juhtkontrolluuringus osales 75 perinataalse või 
lapseea insuldiga last kogu Eestist, kellele oli DNA-uuring tehtud aastatel 
2004–2009. Kontrollrühmaks olid 2005. aasta jaanuaris järjestikku üle Eesti 
sündinud 400 vastsündinut, kelle testkaardi vereplekkidest eraldati DNA. FVL 
ja PT 20210G>A polümorfismid tuvastati samaaegselt. FVL ja PT 20210G>A 
seost laste sinovenoosse tromboosiga uuriti varem avaldatud ja Eesti laste 
juhtkontrolluuringute metaanalüüsi põhjal. 

 
 

Uurimuse tulemused ja arutelu 
 
Perinataalse insuldi haigestumus Eestis on 63 juhtu 100 000 ehk 1 juht 1578 
elussünni kohta aastas, mis on suurem, kui mujal maailmas seni avaldatud 
andmed näitavad (vt tabel 1 lk 12). Üheks põhjuseks võib olla see, et erinevalt 
teistest avaldatud töödest olid Eesti laste uuringusse kaasatud ka hemorraagilise 
insuldiga patsiendid. Teise tegurina, mis mõjutab Eesti laste suurt haigestumust, 
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tuleb arvestada fakti, et uurimisrühma olid kaasatud ka tõenäolise perinataalse 
insuldiga lapsed, kes moodustasid 66% kogu perinataalse insuldi grupist.  

Lapseea insuldi haigestumus Eestis on 2,7 uut juhtu 100 000 lapse kohta 
aastas. See tulemus on sarnane mujal tehtud uuringute tulemustega (vt tabel 2 lk 
19). Lapseea sinovenoosse tromboosi haigestumus on 0,25 uut juhtu 100 000 
lapse kohta aastas, mis on veidi väiksem kui varem publitseeritud, kuid sino-
venoosne tromboos võib olla lastel aladiagnoositud. Eesti laste insuldi uuring on 
esimene, kuhu olid kaasatud lapsed transitoorse ajuisheemiaga. Uuringu 
andmetel oli transitoorse ajuisheemia haigestumusmäär 0,37 juhtu 100 000 
lapse kohta aastas. Samas on võimalik, et haigestumus võib olla suurem, sest 
kiiresti mööduvate sümptomite tõttu ei pöördu vanemad arsti poole. Nii 
neonataalset kui ka lapseea insulti esines poistel rohkem kui tüdrukutel ning see 
tulemus on kooskõlas varasemate uuringutega. 

Ühel kolmandikul perinataalse insuldiga patsientidest avaldusid insuldile 
viitavad sümptomid (krambid, teadvushäire) esimestel elupäevadel ja neuro-
radioloogilised uuringud kinnitasid insuldi diagnoosi (neonataalne insult). 
Ülejäänud kahel kolmandikul juhtudest pöördusid vanemad arsti poole kesk-
miselt 8 kuu vanuses (1 kuu kuni 2 aastat) peamiselt (85%) ühe kehapoole 
nõrkuse tõttu ja neuroradioloogilised uuringud kinnitasid insuldi diagnoosi 
(tõenäoline perinataalne insult). 

Neuroloogiline koldeleid esines kõigil lapseea arteriaalse insuldiga lastel, 
64%-l ajusisese hemorraagiaga lastest ja ühel kahest sinovenoosse tromboosiga 
lapsest. 

Kõige sagedamini esinevateks perinataalse insuldi riskiteguriteks uurimis-
rühmas olid esmassünnitus, erakorraline keisrilõge, Apgari hinne 1. minutil < 7, 
preeklampsia ja protrombootililised tegurid. Seejuures esinesid esmassünnitus, 
suurem sünnikaal ja sünniasfüksia sagedamini neonataalse insuldiga lastel kui 
tõenäolise perinataalse insuldiga lastel (p < 0,05). 

Riskitegurid olid tuvastatavad 85%-l lapseea insuldiga lastest. Arteriopaatia 
esines 25%-l, kardiaalne patoloogia 24%-l ja vähemalt üks protrombootiline 
tegur 39%-l uuritud ajuinfarktiga lastest. Arteriovenoosne malformatsioon leiti 
59%-l intratserebraalse hemorraagiaga lastest. Ühelgi insuldiga lapsel ei olnud 
eelnenud kirurgilist vahelesegamist vajavat südamepatoloogiat ega ajutuumorit, 
mis on olnud sage teiste uurijate andmetel. Üheks seletuseks vaskulaarsete 
tüsistuste puudumise kohta kardiokirurgilistel ja onkoloogilistel pediaatrilistel 
patsientidel võib olla kardiokirurgia ja onkoloogia hea kvaliteet Eestis, teisalt on 
siiski võimalus, et mööduvad kerged neuroloogilised sümptomid jäävad tähele-
panuta. 

Kõigil perinataalse insuldiga lastel esines jääkleiuna hemiparees, sealhulgas 
mõõdukas või raske aste esines 76%-l. Epilepsia esines 33%-l lastest. Seejuures 
esines epilepsiat sama sagedusega nii neonataalse kui ka tõenäoliselt peri-
nataalse insuldiga lastel.  

Lapseea ajuinfarkti diagnoos hilines keskmiselt 9,2 päeva (mediaan 5,5 
päeva). Esimese kuue tunni jooksul diagnoositi ajuinfarkt 18%-l lastest. Pea-
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mine ajakadu esines alates esimesest neuroradioloogilisest uuringust (peamiselt 
kompuutertomograafia) kuni lõpliku diagnoosini, mis oli keskmiselt 4,3 päeva 
(mediaan 4,8 päeva). Üheks põhjuseks võib olla see, et ainult 41%-l juhtudest 
püstitati esialgse neuroradioloogilise uuringu alusel ajuinfarkti kahtlus. Laste 
ajuinfarkti diagnoosimist saab kiirendada, kasutades tänapäevaseid neuro-
radioloogilisi uuringuid (magnetresonantstomograafia tavalõiked, difusiooni-
kujutised, magnetresonantsangiograafia) võimaluse korral esmavalikuna või 
lühikese aja jooksul pärast negatiivset kompuutertomograafia vastust. Lapseea 
ajuinfarkti varane diagnoosimine on oluline, kuna siis on võimalik rakendada 
hüperakuutset ravi (nt trombolüüsi), mis võib oluliselt vähendada neuro-
loogiliste jääknähtude esinemist ja nende raskust. 

Tehtud juhtkontrolluuring näitas, et nii FVL (OR = 12,9; 95% CI 2,28–73,0) 
kui ka PT 20210G>A (OR = 11,9; 95% CI 2,11–67,2) on seotud sinovenoosse 
tromboosiga lastel. Laste arteriaalse isheemilise insuldiga seost ei leitud. 
Metaanalüüsid näitasid, et nii FVL kui ka PT 20210G>A suurendavad lastel 
riski haigestuda sinovenoossesse tromboosi 3,1 korda (CI 95% 1,8–5,5 FVL 
korral ja CI 95% 1,4–6,8 PT 20210G>A korral). Selgus, et laste uurimine 
sinovenoosse tromboosi korral FVL ja PT 20210G>A suhtes on vajalik.  
 
 

Uurimuse järeldused 
 
1. Perinataalse insuldi haigestumus Eestis on 63 juhtu 100 000 ehk 1 juht 1578 

elussünni kohta – seda on rohkem kui varem mujal maailmas leitud. Lapseea 
insuldi esmashaigestumus Eestis on 2,73 juhtu 100 000 lapse kohta aastas, 
mis on sarnane teiste uuringute tulemustega.  

2. Ühel kolmandikul perinataalse insuldiga lastest esinevad neuroloogilised 
sümptomid (krambid, teadvushäire) vastsündinuperioodis. Ülejäänud kaks 
kolmandikku lastest jõuab eriarsti vastuvõtule keskmiselt 8 kuu vanuses 
peamiselt (85%) hemipareesi tõttu. Neuroloogiline koldesümptomaatika esi-
neb kõigil ajuinfarkti haigestunud lastel ja 64%-l ajusisese hemorragiaga 
lastest.  

3. Riskitegurid leitakse enamusel (≥ 85%) perinataalse ja lapseea insuldiga 
lastest. Perinataalse insuldi riskiteguriteks olid sagedamini esmassünnitus, 
erakorraline keisrilõige, Apgari hinne 1. minutil < 7, preeklampsia ja 
protrombootilised tegurid. Arteriopaatia, südamepatoloogia ja protrombooti-
lised tegurid esinesid sagedamini lapseea ajuinfarkti korral.  

4. Kõigil perinataalse insuldiga lastel esines jääkleiuna hemiparees, mõõdukas 
või raske aste esines 76%-l lastest. Epilepsia esines ühel kolmandikul nii 
neonataalse kui ka tõenäoliselt perinataalse insuldiga lastest.  

5. Lapseea ajuinfarkti diagnoos hilineb sageli. Suurim ajakadu esineb esmasest 
neuroradioloogilisest uuringust kuni lõpliku diagnoosini, kuna sageli on 
esmane neuroradioloogiline uuring negatiivse tulemusega. 
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6. FVL ja PT 20210G>A mutatsioonid suurendavad lastel sinovenoosse 
tromboosi riski 3 korda. Seega on laste uurimine sinovenoosse tromboosi 
korral FVL ja PT 20210G>A suhtes vajalik.  

21
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