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ABSTRACT 

 

This study assessed neurocognitive outcome after paediatric stroke. 20 children (aged 6 to 14, 

8 left-, 11 right- and 1 mixed-handed), 13 with left arterial ischaemic stroke and 7 healthy 

controls were examined. Neurocognitive performance was measured using the 

Neuropsychological Test Battery NEPSY. Language (motor and receptive speech), 

sensorimotor, visuospatial and executive functions were assessed in all subjects. Healthy 

children scored significantly higher in Sensorimotor, Visuospatial and Executive domains, 

compared to paediatric stroke children. The difference in motor and receptive speech between 

patients and controls was not significant. When comparing different lesion localization in 

patients with just subcortical damage, we observed better functional outcome of the 

Sensorimotor domain than in those with combined lesion localization (subcortical and 

cortical damage). When comparing handedness between groups, patients who had retained 

the use of their right hand after stroke showed better results in Sensorimotor and Executive 

domains than those who started to use their left hand after stroke. The reasons for this 

‘pathological left-handedness’ can lie in residual right-hand spasticity and/or plastic changes 

due to a larger extent of damage to the pyramidal tracts. It can be assumed that those who 

stayed right-handed exhibited less neural damage. A negative correlation was found when 

relating age at stroke (in years) and performance of Executive function (r=-0.552, p=0.05) 

and a positive correlation was found when relating the interval between lesion and 

assessment (in years) and performance of Executive function (r=0.621, p=0.024). No relation 

was found when correlating other functions, including Motor and Receptive Speech, 

Sensorimotor and Visuospatial ability. 

 

KEYWORDS AND ABBREVIATIONS: neurocognitive outcome, paediatric stroke, 

neuropsychological assessment (NEPSY), Visuospatial domain, Sensorimotor domain, 

Language domain, Executive domain, age, handedness 
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INTRODUCTION 

 

Despite the widely held belief that the increased plasticity of the young brain protects 

against the effects of injury, there is now considerable evidence that early brain injury results 

in significant long-term neuropsychological impairment (Westmacott et al, 2010). Although 

children are less likely than adults to exhibit specific lateralized cognitive deficits that map on 

to lesion location, an increasing body of research suggests that early brain injury – 

particularly before 5 or 6 years of age – often leads to widespread cognitive dysfunction 

across multiple domains (Ennok, 2007). Although multiple theories have emerged about the 

mechanisms of neural plasticity in childhood, two have gained most attention.  

Evidence from the ‘early vulnerability hypothesis’ comes from children with diffuse 

traumatic brain injury (Anderson and Catroppa, 2007) and epilepsy (Kolk et al, 2001). In 

these populations, brain damage early in infancy or childhood is more detrimental than brain 

damage later in childhood to overall cognitive ability (Anderson and Catroppa, 2007), verbal 

ability (Guzzetta et al, 2008) and executive function (Barnes and Dennis, 2001). 

On the other hand, consistent evidence of the remarkable sparing of language function 

following early left hemisphere lesions has fuelled the ‘plasticity hypothesis’ (Ballantyne et 

al, 2008), even though higher-level aspects of language processing (discourse, complex 

syntax, making inferences) often emerge later on in development in children with early focal 

lesions (Chapman et al, 2003). Studies examining visuospatial, executive and informational 

processing abilities also suggest that early focal brain lesions have detrimental effects that 

emerge later in development and affect multiple cognitive domains (Stiles et al, 2008). 

Attempts to examine the impact of age at focal brain injury on cognitive outcome directly 

have produced inconsistent findings, which suggest that multiple factors interact with age at 

focal brain injury to impact specific cognitive outcomes (Taylor and Alden, 1997). Most of 

the work has been done upon investigating language but only a few accounts examine other 

neurocognitive domains such as sensorimotor, executive and visuospatial neurocognitive 

functioning after paediatric stroke. However, it is also unclear, how other factors contribute 

to plasticity, such as lesion size and location. 

First the literature available on paediatric stroke, its’ subtypes, risk factors, outcome 

and prognosis shall be reviewed. Moving on, we shall turn to specific neurocognitive 

domains to examine how each ‘deals’ with brain damage.  
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LITERATURE REVIEW 

 

Paediatric stroke: a model for studying neurocognitive outcome 

 

 Following stroke in early life, it remains unknown exactly how the size, location, age 

of onset, and type of lesion (e.g. cortical/subcortical) as well as other complicating factors 

(e.g., epilepsy) affect cognitive functions. A model for understanding the mechanisms of 

change in neurocognitive performance after early vascular brain damage is the study of 

paediatric stroke cases. Paediatric stroke is a neurological disease with increasing incidence 

which has been getting increasingly frequent in number of diagnoses all over the world (Rapp 

and Torres, 2000). The pathophysiology of paediatric stroke has gained scientific attention  

during the last decades, hence the genetic predispositions, neuroradiological diagnostic 

methods, the neurobiological correlates of lesion outcome and rehabilitational possibilities 

have yet to be understood completely.  

 

Subtypes of paediatric stroke 

 

 Paediatric stroke engages two stroke types: perinatal and childhood stroke. Studies of 

the language and cognitive outcomes associated with early focal brain lesions like perinatal 

stroke have sometimes produced contradictory results, for children with congenital injuries 

(pre- and perinatal) and for children whose injuries were acquired in the first months of life 

(neonatal). Perinatal ischaemic stroke is a cerebrovascular event occurring around 20 

gestation weeks to 28 days after birth with pathological neuroradiological evidence of focal 

arterial infarction. Most studies have combined both prenatal (from 20 weeks from gestation 

to 7 days after birth) and neonatal (under 28 days old) events, categorizing it as perinatal 

stroke. Perinatal stroke is chiefly a disorder occurring more often in term or near-term infants 

(de Vries et al, 1997). Early reports of perinatal stroke defined cases based on autopsy criteria 

(Barmada et al, 1979), while recent series have based diagnoses on neuroimaging criteria 

including MRI and fMRI (Westmacott et al, 2010). The incidence rate of perinatal stroke has 

been shown to be between 17.0 and 20.0 per 100,000 live births (Wu et al., 2004; Lee et al., 

2005). Injuries undergone after the perinatal stroke period are termed acquired or childhood 

stroke (29 days – 18 years). For acquired (or childhood) stroke, the number has shown to be 

2.3 (Fullerton et al, 2003). In Estonia, the incidence rates are 63 and 2.73, respectively for 
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perinatal and childhood stroke (Laugesaar, 2010).  

 

Risk factors, outcome and prognosis of paediatric stroke 

 

Various risk factors are implicated on the aetiology of stroke in neonates. The 

commonest causes are different cardiac pathologies but blood and metabolic disorders are 

also prevailing. Paediatric stroke can be caused by infectious diseases (both central nervous 

system or systemic), vasculopathies and a host of mother-related factors (placental disorders, 

trauma, substance abuse) (Nelson & Lynch, 2004). Perinatal stroke can caused by more 

general hypoxia or birth asphyxia. Hypoxic damage is selectively tuned to white matter and 

spares cortical areas. The general outcome is modified by the localization of the lesion - the 

majority of studies report a better outcome in those children who have damage in subcortical 

structures than damages that involve cortical areas (Steinlin, Roellin, & Schroth, 2004). The 

manifestation of epilepsy after stroke is much more common in children than in adults 

(Ganesan et al., 2000). In cases of childhood stroke the rate of recurrent seizures is estimated 

at about 29-39% (Giroud et al., 1997). Despite the statistical data available of the outcome 

and prognosis of paediatric stroke, of the children surviving, many develop only slight 

neurocognitive deficits or none at all, which signals the neuroplastic resources of the brain.  

 

Functional reorganization 

 

Two different views have been proposed to explain neurocognitive impairment 

related to the age at injury and the side of injury. On one hand, the proponents of plasticity 

propose that the immature brain is in advance in terms of recovery compared to the brains of 

older children. The development of the nervous system is prolonged to postnatal years that 

provide biological potential for plasticity to overcome the effects of injury. Dendritic growth, 

synapse formation and myelination occur postnatally, it enables rerouting of neural 

connections, whereby functional associations are established with brain regions not usually 

connected with the functions they serve after reorganization (Ennok, 2007). Proof of 

plasticity is supported by some case studies demonstrating normal or favorable 

developmental and cognitive outcome after perinatal strokes (Golomb et al, 2005).  

On the other hand, proponents of the ‘early vulnerability hypothesis’ indicate that 

earlier damage leads to more pronounced deficiencies while different brain areas are at least 
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to a certain extent committed to subserve certain functions (Anderson et al, 2009). The 

associations may not be rigidly determined but depend on environmental input that helps to 

focalize these pre-attuned associations. Plasticity may not be the same for all functions and 

both hemispheres. Proof of the ‘early vulnerability hypothesis’ is seen in studies reporting 

mild to moderate neurocognitive deficits after perinatal stroke (Kolk and Talvik, 2000) - 

cognitive abilities were significantly reduced in children with acquired unilateral early-onset 

hemispheric lesions and in many instances, the impairment was diffuse, affecting attention, 

phonologic analysis, logical learning, tactile and visuomotor precision, and memory 

functions.  

 

Neurocognitive outcome after paediatric stroke 

 

Children sustaining brain injury before age 2 years recorded global and significant 

neurocognitive deficits, with pre- and perinatal stroke being particularly detrimental 

(Anderson et al, 2009). Perinatal stroke, an event that occurs most often in the territory of the 

left middle cerebral artery (MCA), can devastate classical language areas in the left frontal 

and temporal regions (Broca and Wernicke regions). In children with perinatal stroke, the 

remarkable plasticity of the developing brain in both cognitive and motor functioning has 

been well documented (de Veber et al, 2000; Nelson and Lynch, 2004; Max, 2004). The 

overall cognitive and motor outcomes are better in this group of patients compared to those 

with similar strokes occurring later in life (Chapman et al, 2003; Max, 2004) as documented 

by studies investigating the impact of early brain lesions on cognitive functioning (Chilosi, 

2001). These findings support the notion that early rather than late brain injury leads to a 

more complete linguistic recovery associated with more pronounced cortical plasticity. 

 In children, the phenomenology of perinatal stroke usually consists of, in addition to 

hemiparesis, developmental, speech, learning and behavioral deficits (Ilves, 1999; Kolk and 

Talvik, 2000; de Veber et al, 2000; Kolk et al, 2001; Gordon et al, 2002; Härtel et al, 2004; 

Westmacott et al, 2007). Additionally, residual impairments seen after stroke are motor 

difficulties – hemiparesis in different degrees (Ennok, 2007). 

 Previous studies in Estonia have shown that children with perinatal stroke are 

compromised in various cognitive domains, including language, visuospatial abilities, 

attention and memory, and sensorimotor functions (Kolk & Talvik, 2000; Kolk et al, 2001).  
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Language 

 

Language is a cognitive function of the highest order. Language deficit may be one of 

the earliest indicators of neurological impairment, often presenting as the first sign of a 

developmental delay. Additionally, a number of acquired neuropathologies can adversely 

impact language, including epilepsy, stroke, tumor, or traumatic brain injury. Recent 

functional magnetic resonance imaging (fMRI) studies in adults have supported the results of 

much older studies, revealing that language functions are primarily based in neocortical areas 

in inferior frontal and posterior temporo-parietal areas. However, normal developmental 

changes in the cortical representation of language capabilities have just begun to be mapped 

(Holland et al, 2007). 

 It is widely accepted that in most right-handed and a minority of left-handed people, the 

left hemisphere is responsible for the majority of speech generation (Saur et al, 2006). The 

development of language involves many areas of the brain, including the superior temporal 

(Wernicke’s area) and inferior frontal (Broca’s area) gyri of the left hemisphere (Thulborn et 

al, 1999) for speech comprehension and production, respectively, as noted by the so-called 

aphasia model. This view derives from many sources, including lesion studies and Wada tests 

(Stromswold, 1996). There is ample evidence that left hemispheric dominance for language is 

present very early in life (Dehaene-Lambertz et al, 2002) and that it becomes more left 

lateralized throughout childhood (Schlaggar et al, 2002; Szaflarski et al, 2005). In a young 

neonate, hemispherical differences of speech perception and expression are practically 

nonexistent (Ressel et al, 2008); lateralization starts developing from the 3. month after birth. 

However, the infant brain is not a tabula rasa; it is already highly differentiated at birth, and 

certain regions are subtly biased from the beginning toward modes of information processing 

that are particularly useful for language, leading (in the absence of focal injury) to the 

standard form of brain organization for language (Bates, 1999). Children with left 

hemisphere perinatal stroke are capable of acquiring relatively normal language functions 

despite experiencing a cortical stroke that in adults often leads to devastating lifetime 

disabilities (Fair, 2009). We can assume, that after a perinatal stroke, the speech network is 

suitably migrated to the undamaged parts of the brain (Voets et al, 2006) and speech function 

has a better prognosis of being spared of deficit.  

 Language has received the most attention in the research of focal damage effects in 

children. Earlier studies stressed the fact that neonatal damage does not result in aphasia that 
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is characteristic to similar damage in adults (Vargha-Khadem, O’Gorman and Watters, 1985), 

creating an opinion of a good prognosis after early stroke. Later studies have not been so 

optimistic and note developmental delays in the language acquisition (Reilly, 2000; Vicari et 

al., 2000). However, the picture emerging from studies of early language development is 

somewhat different from expectancies based on adult studies. Developmental delay is not 

related to the side of the lesion or is even more pronounced on the receptive speech after a 

right-sided lesion (Reilly, 2000). Expressive speech development was found to be more 

associated with the left hemisphere, as it was more delayed after a left hemisphere lesion. 

This delay appeared in syntactic and semantic development as children started to speak and 

combine words, although they comprehend and know the meaning of words. Syntactic and 

semantic development is not so much affected after the right-sided lesion but they are less 

expressive using gestures (Chilosi et al., 2001). These differences in lexical, grammatical and 

semantic abilities resolve by the age of 5 years and children with an early lesion seem to 

acquire relative competency in language after that age since their performance by that age is 

quite similar to control groups, although the obtained level may still be suboptimal (Chapman 

et al, 2003; Reilly et al, 2004). In general, late effects are more associated with left-sided 

damage and hint to an early specialization of language abilities in the left hemisphere. 

Language may be effectively reorganized but subtle deficits remain.  

 When stroke occurs after language is acquired, the resulting deficits are more similar to 

aphasic symptoms seen in adults (Martins, 2000; Gout et al., 2005). The initial presentation is 

mutism and a reduction of expressive activities. Spontaneous speech is lacking and after 

some days children can recover some individual words. Emerging speech can be dysarthric 

and is severely anomic while comprehension stays intact. Descriptions of fluent aphasia in 

children are rare. Prognosis is relatively good but the outcome is believed to be better in older 

children. In younger children the aphasic syndrome may interfere with reading and writing 

acquisition (Pitchford, 2000).  

 

Visuospatial function 

 

Extensive lesions in the right hemisphere can give rise to visual problems on the 

analysis of different aspects of visual information that is similar to adult damage (Ahmed & 

Dutton, 1996). Visual attention and orientation are disturbed both in neonatal (Trauner, 2003; 

Bava et al, 2005) and childhood strokes (Schatz et al, 2004). Processing is affected on the 
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visual field contralateral to the lesion side, and asymmetires in visual processing and tracking 

are quite persistent in younger children (Trauner, 2003). Visuospatial skills are similarly 

multicomponential like language and both hemispheres have their contribution. Thus tasks 

requiring the analysis and synthesis of visual information have different error patterns 

depending on the involved hemisphere (Ennok, 2007). In one study using block design 

(Schatz, Ballantyne and Trauner, 2000) children with early onset lesion to the left hemisphere 

made more local level errors and confused details but children with the right hemisphere 

damage were guided by details and made mistakes in general configuration. These side-

specific differences are also confirmed by studies of drawing development (Akshoomoff et 

al, 2002). The processing deficits after childhood stroke are more pronounced after right-

sided lesion and significantly improve after left-hemisphere injury (Schatz et al., 2004; 

Ennok, 2007):  

 

Executive function and attention 

 

More than half of the children with stroke have attentional disorders (Max et al., 

2003), but only few studies specifically address the development and status of attentional 

functions in children with stroke. Attention is a “diffuse” ability depending on large neural 

networks. Lesions caused by stroke typically involve these networks and the specific 

attentional processes involved depend on the lesion localization (Max et al., 2004). Generally 

alertness and sensory orientation are more affected than executive control. Also the 

processing speed of children with childhood stroke is limited and they are slower in divided 

attention tasks (Block, Nanson, & Lowry, 1999). Lower information processing speed affects 

other functions as well. Inhibitory control is deficient after early bilateral damage (Christ, 

White et al, 2003). Some other papers report that impulsivity and a reckless answering style 

that confounds test performance is more common after right hemisphere stroke (Aram, 

Ekelman et al, 1985) This is more true after earlier lesions and in younger children. 

Differences in executive functions are not so evident. Children with frontal lesion are poorer 

at strategy application, rule following and self-monitoring but planning and problem solving 

abilities are reduced in other pathologies as well (Anderson et al, 2002; Jacobs & Anderson, 

2002). Deficiencies in executive skills are more evident after bilateral damage, as both 

hemispheres mediate various aspects of executive functions (Anderson et al, 2002; Ennok, 

2007). 
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Sensorimotor function 

 

The most notable residual impairments after stroke are motor difficulties – 

hemiparesis in different degrees in up to 60% of children studied (Kolk et al, 2011). There 

are only a few scientific accounts of sensorimotor outcomes after pediatric stroke. 

Sensorimotor domain subtests are particularly difficult to master for stroke children because 

most of these tasks require the use of their hemiparetic hand (Ennok, 2007). In the study, both 

patient groups had lower levels of sensorimotor functions that is associated with hemiparesis, 

especially in fine-motor skills. This refers to lower plasticity of the motor system in 

overcoming the impact of damage. On the other hand, emerging evidence has the strongest 

support for sensorimotor rehabilitation paradigms for improving motor function in stroke 

(Khadilkar, Philips et al, 2006). 

 

Crowding effect and ‘pathological left-handedness’ 

 

 When an early left-hemispheric insult is sufficient to compromise the development of 

language in the left hemisphere, which is the dominant hemisphere for approximately 94-

96% of people, theory with support from clinical research suggest that the brain reorganizes 

to delegate language development of the more intact structures in the non-damaged (right) 

hemisphere. Because this process of reassignment of language functions to the right 

hemisphere often seems to take place at the expense of the full development of the visual-

spatial functions that ordinarily would be represented in that hemisphere, it is referred to as 

crowding. Coincident with this process of language representation moving to the right 

hemisphere, thus establishing the dominance of this hemisphere, is the development of left-

handedness without family history of such. This essentially provides behavioural evidence of 

the level of severity of the early left-hemisphere insult, which was marked enough to cause 

this shift of hand dominance counter to the odds of heritability (Apps et al, 2008). 

 

 

 

 

 

 



 Neurocognitive outcome after paediatric stroke: NEPSY 

 

!

 *"!!

OBJECTIVES AND HYPOTHESES OF STUDY 

 

The aim of the present study is to compare differences in neurocognitive performance 

between paediatric stroke children and healthy controls. Our hypotheses are: 

 

a) Healthy children have higher neurocognitive scores than paediatric stroke children 

b) Combined (subcortical and cortical) paediatric stroke children have lower 

neurocognitive scores than children with only cortical or subcortical stroke  

c) Paediatric stroke children who use their non-dominant hand after stroke have lower 

neurocognitive scores than children who use their dominant hand 

d) The earlier the damage, the better the neurocognitive outcome in all domains (in 

favour of the ‘plasticity hypothesis’ 

 

Hypothesis (a) is taken into account because studies have shown that healthy children 

perform better than children who have sustained paediatric stroke as was found by Ennok 

(2007). Hypothesis (b) unites studies of lesion location (the study by Steinlin, Roellin, & 

Schroth in 2004 reports a better outcome in those children who have damage in subcortical 

structures than damages that involve cortical areas) and size (less damage means less deficit 

as shown by Anderson et al, 2009). Hypothesis (c) follows the following logic: The most 

notable residual impairments after stroke are motor difficulties – hemiparesis in different 

degrees in up to 72% of children studied (Trauner et al., 1993). This also means depressed 

neuropsychological scores, but when the patient retains the use of their dominant (right) 

hand, it means subsidation of hemiparesis and normalization of motor function (Ennok, 

2007). Lastly, hypothesis (d) unifies all factors in reorganization into the ‘plasticity 

hypothesis’ discussed previously in the studies by Ballantyne et al (2008). 
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SUBJECTS AND METHODS 

 

Patients 

 

 13 children (7 girls and 6 boys) aged 6 to 14 years , mean age 11.5 years) were 

recruited through the Children’s Clinic of the Tartu University Hospital. All children are 

Estonian speakers and were included in the study based on radiological evidence of left 

hemisphere focal stroke.  

 

Table 1. Subject characteristics 

P1-13 – patients; C1-C7 – controls; LH – left hemisphere;  

 

 For all patients, the diagnosis was left hemisphere paediatric stroke. The mean age at 

stroke was 1.7 years. The mean age at neuropsychological assessment was 11.5 years. There 

were 8 left-handed, 4 right-handed and a one mixed-handed patient (see Table 1). Informed 

consent from parents was obtained. 

ID Sex 
Age at 

stroke  

(years) 

Age at 

assessment 

(years) 

Side 

of 

stroke 

Handedness Hemiparesis Epilepsy Aphasia 

P1 F 0 9.8 LH left right x  

P2 M 0 11.2 LH right right x  

P3 M 0.1 14.5 LH mixed right x  

P4 F 0 11.9 LH left right x  

P5 F 0 11.0 LH left right x  

P6 F 0 10.0 LH left right x  

P7 M 0 13.0 LH right  x  

P8 F 0 12.8 LH left right   

P9 M 2 12.2 LH left right  x 

P10 M 2.7 13.8 LH right right x x 

P11 M 11.3 12.0 LH right right x  

P12 F 0.1 11.5 LH left right   

P13 F 6.3 6.3 LH left right x x 

C1 F  9.8  right    

C2 M  11.7  right    

C3 F  12.2  right    

C4 F  9.9  right    

C5 M  11.0  right    

C6 M  13.9  right    

C7 F   10.1   right       

!!
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Controls 

 

 7 right-handed children of both sexes aged 9 to 13 (4 girls and 3 boys, mean age 11.2) 

were examined. All children are native Estonian speakers and were included in the study 

based of absence of history of neurological or psychiatric disorders and they were not taking 

chronic medication affecting the central nervous system. Mean age at scan was 11.2 years 

(see Table 1). Controls were matched by age to the patients. Informed consent from parents 

was obtained. 

 

 Lesion subtypes 

 

  All patients suffered left hemisphere stroke. 10 patients had initial right hemiparesis. 3 

had acute aphasia, which later subsided. 5/13 patients had frontal, 4/13 parietal damage, 1/13 

sustained damage on the precentral gyrus. 9/13 patients had left lateral ventricle enlargement, 

1/13 sustained damage to the third ventricle. 6/13 patients sustained damage to the basal 

ganglia and 3/13 to the corpus callosum. 7/13 had periventricular lesions, 4/13 porencephalic 

lesions and 10/13 white matter lesions. 2/13 had middle cerebral artery constriction and 

another 2/13 had an atrophic LH. To summarize, 5/13 patients had both cortical and 

subcortical damage, 7/13 had subcortical and 1/13 cortical damage only. Details can be seen 

in Table 2. 

 

Neuropsychological assessment 

 

The Developmental Neuropsychological Assessment (NEPSY) is a recently 

developed instrument that endeavours to provide a comprehensive neuropsychological test 

battery for children ages 3–12 years (Korkman, Kirk, & Kemp; 2001). Touted as founded on 

Lurian theory (Korkman, 1999), the NEPSY measures brain-related attention/executive 

function, language, memory, sensorimotor and visuospatial skills via child-oriented materials 

and procedures. The neuropsychological assessment test battery NEPSY was used to examine 

neurocognitive performance in 4 domains: Language (Receptive and Motor Speech), 

Visuospatial, Sensorimotor and Executive function. Of the language domain, the tests 

Phonological Processing, Speeded Naming, Comprehension of Instructions, Verbal Motor 

Series and Verbal Fluency shall be administered. Of the Visuospatial domain, the tests Block 
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Construction, Arrows and Pathfinding were be administered. Of the Sensorimotor domain, 

the tests Imitating Hand Movements, Imitating Hand Positions and Finger Tapping shall be 

administered. To assess Executive function, the Tower test shall be administered. The 

subtests will be grouped into domains (Receptive Speech, Motor Speech, Sensorimotor, 

Visuospatial and Executive) and the domains shall be included in the statistical analysis. 

Sensorimotor shall be marked as Motor and Executive function as Tower test in the analysis. 

 

Statistical analysis 

 

The statistical software package SPSS 17 was used for analysis of data. To compare 

the differences of neurocognitive performance, the Mann-Whitney U was used. The 

Spearman R was used to assess correlations between neurocognitive performance and age-

related factors.  

  

Approval 

 

The Ethics Committee of the University of Tartu approved this research protocol. Informed 

consent was obtained from the parents or legal guardians before every kind of assessment. 
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   Table 2. Lesion characteristics of stroke children 

LH – left hemisphere; left lat ventr. – left lateral ventricle; third ventr. – third ventricle; periventr. – periventricular; porenc. – porencephalic; MCA concstrict. – middle cerebral 

artery constriction; LH atrophy – left hemisphere atrophy; 

  Side Cortical lesion Subcortical lesion     

Case LH Frontal Parietal 
Precentral 

gyrus 

Left lat. 

ventr. 

enlargement 

Third 

ventr. 

Basal 

ganglia 

Corpus 

callosum 

Periventr. 

lesion 

Porenc. 

lesion 

White 

matter 

lesion 

MCA 

occl. 

LH 

Atrophy 

P1 x x x  x     x x  x 

P2 x        x  x   

P3 x    x  x  x  x   

P4 x  x    x   x x   

P5 x x  x      x    

P6 x    x   x x  x   

P7 x    x  x x   x   

P8 x x   x x    x   x 

P9 x    x  x  x  x   

P10 x    x  x  x  x   

P11 x x x     x   x   

P12 x    x    x  x x  

P13 x x x   x   x   x     x   
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RESULTS  

 

Overview 

 

A summary of neuropsychological scores is given in Table 3.  

 
Table 3. Neuropsychological assessment scores of subjects 
* P – patient, C – control; ** The scale of assessment is 1-16, the normal range is 7-13; 

 

 

Neurocognitive scores based on subject groups  

 

Figure 1 shows mean differences of neuropsychological scores compared 

between patients and controls. Figure 1 shows that neurocognitive scores of Receptive 

and Motor Speech, Motor, Visuospatial and Executive function scores were higher in 

the control groups.  

  Neuropsychological assessment scores**  

Subject* 
Receptive 

Speech 

Motor 

Speech 
Motor Visuospatial Tower test 

P1 9.7 11.0 3.3 5.5 10 

P2 9.3 9.7 11.3 9.3 15 

P3 9.7 8.0 7.0 6.7 11 

P4 8.0 7.0 5.7 9.3 10 

P5 5.7 11.7 7.0 3.0 1 

P6 9.7 8.3 3.5 7.0 8 

P7 8.0 8.3 5.7 8.0 11 

P8 1.0 2.0 1.0 1.0 10 

P9 13.7 10.7 7.0 12.0 8 

P10 4.3 7.7 7.7 3.3 11 

P11 2.3 2.7 1.7 3.0 1 

P12 4.7 6.0 6.3 4.0 4 

P13 3.0 4.0 1.0 2.5 4 

C1 8.3 8.7 9.0 10.3 11 

C2 7.7 4.7 10.3 11.7 13 

C3 10.3 12.0 12.0 11.0 11 

C4 10.3 10.7 10.0 7.7 12 

C5 7.7 8.3 13.0 11.5 18 

C6 9.3 10.0 12.5 - 14 

C7 7.3 11.0 11.5 12.0 16 

!!
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Figure 1. Neurocognitive scores based on subject groups 

 

Our statistical analysis revealed significant differences between controls and 

patients in neurocognitive performances of the Visuospatial (p<0.05), Motor 

(Sensorimotor) (p<0.05), and Executive domains (Tower test) (p<0.05).  

 

Neurocognitive scores according to lesion localization  

 

Figure 2 shows mean differences of neuropsychological scores by lesion type 

of patients. 3 groups were created based on the data in Table 2: cortical, subcortical 

and combined (cortical and subcortical). 5/13 patients had both cortical and 

subcortical damage, 7/13 had subcortical damage. 1/13 had cortical damage only and 

therefore it was omitted as an independent group. 
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Figure 2. Neurocognitive scores based on lesion localization 

 

A significant difference was found when comparing Motor domain scores 

(shown in red in Figure 2) between subcortical and combined (cortical & subcortical) 

stroke groups (p<0.05) – those, who had subcortical damage only, scored significantly 

higher than those with both cortical and subcortical damage. 

 

Neurocognitive scores based on handedness of patients 

 

Figure 3 shows mean differences of neuropsychological scores by handedness 

of patients. It can be seen that patients who use their right hand after left hemisphere 

stroke, score higher than those who use their left hand in all domains except for 

receptive speech, where the mixed-handed patient scored highest The difference was 

significant when comparing Motor and Executive (Tower test) domain scores 

between left- and right-handed children (for both the p value is < 0.05). 
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Figure 3. Neuropsychological scores based on handedness of patients 

 

Correlations with age-related factors 

 

Two age-related factors were assessed: age at stroke (in months) and interval 

between lesion and assessment (Table 1; the latter was computed; age at assessment - 

age at stroke). A negative correlation was found when relating age at stroke and 

performance of executive function (r=-0.552, p=0.05) and a positive correlation was 

found when relating the interval between lesion and assessment and performance of 

executive function (R=0.621, p=0.024). In conclusion, it can interpreted that the 

earlier the stroke and/or the longer the healing time, the better the functional outcome 

in the Executive domain.  Correlations of age-related factors with other domains 

were, however, non-significant. 
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DISCUSSION 

 

Variables affecting neurocognitive performance 

 

This study assessed neurocognitive performance of children with paediatric 

stroke and healthy controls using the NEPSY neuropsychological assessment test 

battery. Firstly, we found that healthy children scored significantly higher in 

Sensorimotor, Visuospatial and Executive domains than stroke children, which 

confirmed earlier studies (Kolk et al, 2011). The speech functions did not yield 

similarly significant differences between groups, although it has been previously 

shown that the speech functions are susceptible to left-hemisphere damage (Kolk et 

al, 2001). 

Secondly, in terms of lesion localization, two groups were analysed: combined 

(subcortical & cortical) and subcortical only. Patients with subcortical damage had 

significantly better neurocognitive scores in the Sensorimotor domain than those in 

the combined damage group. Similar results were also found by Steinlin, Roellin and 

Schroth (2004) - the sensorimotor function is represented cortically and thus patients 

with cortical damage exhibit more sensorimotor skill dysfunction than those with 

subcortical damage only. Interhemispheric connectivity may also play part – since the 

combined group represents more brain damage summarily, the connections needed for 

flawless function of sensorimotor skills may have been more profoundly disrupted 

due to the amount of damage sustained. The subcortical group represents a less-

damaged and more efficiently functioning group by which the connectedness is more 

in tact than in those within the combined group (Anderson et al, 2009). 

Thirdly, patients who had retained the use of their right hand after stroke 

showed better results in Sensorimotor and Executive domains than those who 

continued to use their left hand after stroke. The speech functions did not differ based 

on handedness. ‘Pathological left-handedness’ is a pattern of left-handedness without 

family history of it, due to relatively poorer right hand motor function along a 

continuum of severity and better-developed language than visual-spatial functions 

(Apps et al, 2008). Within this theory, language is localised to the left, as control of 

motor movements of the right side of the body. After left hemisphere stroke, the brain 
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can reorganize some of the left-sided functions to the right, often compromising the 

right-localized functions like visual-spatial functions; this theory has been given the 

name ‘crowding’ (Lidzba et al, 2006). Also coincident with these changes is the 

development of left-handedness without family history as such (Apps et al, 2008). 

Our study involved patients who fit this profile such as P1 (receptive speech 9.7, 

motor speech 11.0 versus sensorimotor 3.3 and visuospatial 5.5) and P5 (motor 

speech 11.7 versus visuospatial 3.0). An alternative explanation, however, could be 

that brain lesions have a nonspecific effect on visuospatial skills: neuropsychological 

tests that are sensitive to RH brain damage are also sensitive to diffuse brain injury 

(Lee & Hamsher, 1988).  

Two age-related factors were computed to yield differences in neurocognitive 

performance – age at stroke and interval between lesion and assessment. A negative 

correlation was found when relating age at stroke in years to performance of 

executive function (R=-0.552, p=0.05) and a positive correlation was found when 

relating interval between lesion and assessment to performance of executive function 

(R=0.621, p=0.024). Two views can be used to explain this finding. Firstly, it can be 

explained in terms of the localization of infarcts - strokes do not involve prefrontal 

areas. Hence, executive functions associated with this brain region are not 

significantly affected. (Kolk et al, 2011). Secondly, this finding can be explained via 

the ‘plasticity hypothesis’ (Ballantyne et al, 2008), whereby earlier brain damage 

yields less nerocognitive damage than later-incured damage. Similar studies have 

although found contradictory results in terms of the latter interpretation, leaning more 

towards the ‘early vulnerability hypothesis’ (Anderson et al, 2010), whereby children 

sustaining brain damage around the time of birth had significantly larger deficits in 

executive function than those sustaining brain injury at a later age. Also, it is 

important to stress the effect of time of assessment. The mean age at 

neuropsychological assessment was 11.5 years, which means the stroke-affected 

young brain had a relatively long period of time to heal and progress through the 

maximum of possible neuronal reorganization.  

 

Summary 

 

We found deficits after paediatric stroke in three neurocognitive domains: 
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sensorimotor, visuospatial and executive. The language functions were on the same 

performance level as in control children. As visuospatial performance is known to be 

very vulnerable to left hemisphere damage mostly due to neurocognitive “crowding 

effect”, it was found to be impaired in our sample as well. Motor difficulties associate 

most frequently with vascular brain injury; in concordance, we found that the lesion 

location contributed significantly to the neurocognitive outcome of the Sensorimotor 

domain. We discovered better Sensorimotor outcome of the subcortical patient 

compared to the patient with combined brain damage (cortical and subcortical) - the 

sensorimotor function is represented cortically and thus patients with cortical damage 

exhibit more sensorimotor skill dysfunction than those with subcortical damage only.  

Handedness contributed to the functional outcome as well although it is not certain by 

which mechanism. It can be hypothesized that the ‘pathological left-handedness’ 

syndrome may emerge after left hemisphere injury, thus paralyzing the right hand and 

leaving the patient to learn the use of the left hand. The use of the left hand also 

affects the neural structures to reorganize and thus exerts pressure on the 

Sensorimotor domains sharing the neural structure with the reorganized hand 

movement capability. Finally, the executive domain proved to be quite plastic showed 

better functional outcome after early injury (mean age at stroke 1.7 years) as opposed 

to injury happening later in a child’s life. It is hard to summarize these results the data 

shows heterogenic reorganizing capability after pediatric stroke for every domain – 

the executive domain may obide the ‘plasticity hypothesis’, but others may not. 

Lesion location contributes to the functional outcome of the Sensorimotor domain but 

it may not do so for other domains. 

This study does not exhaustively answer the question whether the early 

vulnerability or plasticity hypothesis should be abided when trying to map the logic of 

neural reorganization in stroke brains. The traditional plasticity hypothesis is 

supported by evidence of better recovery of ‘essential’ motor and language functions 

in very young children with focal brain injuries compared with older children and 

adults (Bates, 1999), to which our study showed confirming results through the 

Sensorimotor domain’s scores. Recent functional neuroimaging studies have provided 

further evidence of this plasticity and have also started to delineate possible 

mechanisms for the cerebral reorganization associated with successful recovery ⁄ 

development of language and ⁄ or motor function (Chilosi, 2001; Lidzba and Staudt, 
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2008). However, there is an increasing body of evidence to suggest that plasticity and 

reorganization after early brain injury are not always associated with positive or 

adaptive long-term outcomes for higher-level cognitive abilities, giving rise to the 

early vulnerability hypothesis (Andreson et al, 2002). Attempts to investigate which 

of these hypotheses is correct have continued to produce inconsistent findings, leading 

some researchers to propose that the relationship between age at injury and cognitive 

outcome is non-linear and probably modulated by other variables such as lesion type, 

lesion location, and the specific cognitive skill in question (Andreson et al, 2009). Our 

results provide support for this view. 

 

Conclusions 

 

1. Stroke children scored significantly lower in Visuospatial, Sensorimotor and 

Executive domains than their healthy peers 

2. Patients in the combined damage group (cortical and subcortical damage) had 

significantly lower scores in the Sensorimotor domain 

3. Patients who had retained the use of their right hand after stroke showed better 

results in Sensorimotor and Executive domains than those who were left to use 

their left hand 

4. The earlier the age at stroke and the longer the interval between lesion and 

assessment, the better the functional outcome was in the Executive domain 

 

Study criticism and further recommendations 

 

The study had a small sample size, an unequal number of males and females 

as well as right- and lefthanders. Additionally, patient-to-control ratio wasn’t equal 

(there was a larger number of patients). We also had 3 subjects who didn’t fit the age 

range (3-12) for NEPSY properly, like the others. These methodological bottlenecks 

manifest themselves in modest statistical scores. 

In future endeavours, sex and group ratio should be matched more precisely. 

In the clinical group, pathology should be unitary and homologous throughout the 

group, e.g. perinatal arterial ischaemic stroke. It would be interesting to assess the 

dynamics of neurocognitive outcome after right-hemisphere stroke as well. There are 

only a few studies that have shown relationships between stroke, functional imaging 
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and/or cognitive outcome (Everts et al, 2010; Westmacott et al, 2010), so it would be 

wise to include functional magnet resonance imaging to see the structural changes 

associated with paediatric stroke in future studies. Sex is as important variable in 

measurement of cognitive performance because studies show that girls do better in 

verbal tasks while boys do better in spatial tasks (Newhouse, Newhouse and Astur, 

2007) and so it should be included as a variable in a larger analysis to further pursue 

differences between subgroups. 
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