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ABSTRACT
Background and purpose: Childhood and adolescence coincide with rapid maturation of distributed brain networks supporting social cognition; however, little is known about the impact of early ischemic brain insult on the acquisition of these skills. This study aimed to examine the influence of arterial ischemic stroke (AIS) on facial emotion recognition and theory of mind (ToM) abilities of children and adolescents initially recruited to a single center, prospective longitudinal study of recovery following AIS. 
Methods: The study involved 67 participants, including 30 children with AIS (M time since stroke = 5 years) and 37 age-matched typically developing controls (TDCs) who were assessed on measures of cognitive ToM, facial emotion recognition, and affective ToM.  Acute clinical MRI, including diffusion weighted imaging sequences, were used to evaluate prospective structure-function relationships between acute lesion characteristics (size, location and arterial territories affected) and long-term social cognitive abilities. 
Results: Relative to age-matched TD controls, children with AIS showed significantly worse performance on measures of basic facial emotion processing, cognitive ToM, and affective ToM. In univariate models, poorer ToM was associated with larger infarcts, combined cortical-subcortical pathology, and involvement of multiple arterial territories. In multivariate analyses, larger lesions and multi-territory infants were predictive of ToM processing but not facial emotion recognition. Poorer cognitive ToM predicted less frequent prosocial behavior and increased peer problems. 
Conclusions: Social cognitive skills appear vulnerable to disruption from early ischemic brain insult.  In the first study to examine social cognition in a prospective cohort of children with AIS, our findings suggest that acute MRI-based lesion characteristics may have predictive value for long term social cognitive outcomes and may assist to identify children at elevated risk for social cognitive dysfunction. 

Non-standard Abbreviations and Acronyms: AIS, arterial ischemic stroke; TDC, typically developing control; ToM, theory of mind





















INTRODUCTION
Social cognition is a multi-faceted construct that involves the ability to encode and interpret a range of social cues, including language, intonation, and non-verbal cues (e.g. facial expression, eye gaze and gesture).1 2 Though foundational social cognitive skills emerge within the first days of life,3-5 complex aspects of social cognition show protracted maturation through to mid-to-late adolescence;6-8 corresponding to the structural and functional maturation of distributed neural networks involving fronto-temporal, limbic and temporo-occipital brain regions.9, 10 While neurological insult during critical periods of brain development has potential to perturb the acquisition of social cognitive skills,11 little is known about the influence of early ischemic brain injury on the acquisition of these competencies. 
	Arterial ischemic stroke (AIS) is a relatively rare cause of childhood disability with an incidence of 1.3–13.0 per 100,000 children and 1 per 1200 live births in neonates.12, 13 Pediatric AIS has been linked to a range of physical,14, 15 cognitive,16 and behavioral impairments,17, 18 19 with evidence suggesting that early ischemic brain insults confer a heightened vulnerability to deficits in skills that are emerging or not yet fully developed at the time of stroke. With respect to social cognition, ischemic brain lesions have potential to disrupt connectivity within the putative ‘social brain’ network; a distributed neural system characterized by complex interactions among fronto-temporal, mesolimbic, temporo-occipital and cerebro-cerebellar circuitry.6, 9, 20, 21 Though previous research suggests that social cognitive skills supported by this network may be vulnerable to the effects of diffuse childhood traumatic brain injury,22-24 the long term social cognitive consequences of pediatric AIS are poorly delineated. 
	To date, only one study has examined social cognition in children with a history of stroke. In this small retrospective pilot study, Lo and colleagues25 used functional magnetic resonance imaging (MRI) to evaluate the neural correlates of social cognition in 10 children diagnosed with hemorrhagic or ischemic stroke. Relative to typically developing controls (TDCs), the stroke group performed significantly worse on a tasks involving theory of mind (ToM); a complex social cognitive skill that involves the ability to infer another person’s thoughts, beliefs, intentions, and feelings.26-28 Contrary to predictions, the study found no significant association between reduced ToM performance and changes to resting state connectivity within the default mode, salience, or mirror neuron empathy network.25 
While preliminary findings from Lo and colleagues are the first to suggest that childhood stroke may confer elevated risk for social cognitive dysfunction, the results raise several unresolved questions about the nature, correlates, and functional impact of post-stroke social cognitive impairment. Firstly, it remains unclear whether the presence of post-stroke social cognitive deficits may underlie impairments in social behavior and functioning, which are consistently documented following child stroke.17, 29 Secondly, there are substantial limits to the generalizability of Lo and colleagues’ small retrospective study of theory of mind in 10 child stroke cases.25 Given that AIS has potential to disrupt maturation of distributed neural circuitry supporting a range of distinct but overlapping social cognitive abilities, larger prospective studies are needed to identify stroke-related characteristics that may be predictive of long-term outcomes across multiple social cognitive domains, including basic social processing (e.g. facial emotion recognition) and more complex forms of social understanding (e.g. theory of mind).  
The influence of brain lesion characteristics on social cognitive skills has seldom been studied in childhood and adolescence; periods that coincide with rapid maturation of neural circuitry supporting social cognition.7, 8 While the medial prefrontal and lateral temporal cortices are critical for social perceptual and cognitive processes30, 31 lesions in these regions are unlikely to predict social cognitive dysfunction in children for whom these regions are undergoing rapid maturation and possess relatively limited functional specificity.32, 33  Consistent with this view, previous studies of diffuse childhood TBI suggest that, irrespective of lesion location, larger and more diffuse lesions are predictive of higher-order cognitive outcomes, including theory of mind.11, 34 Given that social cognition is dependent on frontal-temporal, temporo-occipital and cerebro-cerebellar circuitry that extends across multiple arterial territories,35 a network paradigm of social cognitive disturbance would predict poorer outcomes to be documented in association with larger lesions and diffuse infarcts involving multiple arterial territories.36 While previous studies of child stroke populations have linked poorer executive functioning to large infarcts and combined cortical-subcortical lesions,16, 37 38, 39 40 no existing studies have evaluated the predictive value of infarct characteristics for long-term social cognitive outcomes of children with AIS. 
To address the dearth of literature concerning the effect of early ischemic brain insult on social cognitive abilities, this prospective cohort study aimed to characterize the nature, correlates, and functional impact of social cognitive dysfunction in children and adolescents with MRI-confirmed acute AIS. Specifically, we sought to disentangle the effects of pediatric AIS on cognitive ToM, concerned with understanding other’s thoughts, intentions, and beliefs; affective ToM, which involves the ability to infer what others’ are feeling based on specific social context;41 and basic facial emotion recognition (FER), which involves the ability to recognize basic emotions from facial features.  We also aimed to examine whether specific stroke characteristics (i.e., lesion size, lesion location, and number of vascular territories affected) explain individual differences in social cognitive outcomes; and explore the association between social cognition and everyday social functioning in children with AIS. 
We expected the following: (1) compared to age-matched typically developing controls (TDCs), children with AIS will display poorer ToM and FER; (2) lower scores on tests of ToM and FER would be associated with larger lesions, multi-territory infarcts and combined cortico-subcortical pathology; (3) lower ToM and FER would correlate with less frequent prosocial behavior and increased peer problems on standardized parent report measures of social functioning. 
METHODS
Source data will not be made available since no patient approval was obtained for sharing anonymized data. However, detailed analytic methods and study materials, including output files of statistical analyses, will be made available to other researchers on request to the first author.
Participants
[bookmark: _Hlk54535458]This study reports data from a 5-year follow-up of children enrolled in a larger prospective, longitudinal study42 evaluating recovery in the first 12 months following magnetic resonance imaging (MRI) confirmed acute ischemic parenchymal infarction corresponding to one or more arterial territories. Children were aged 0-18 years at recruitment and represented consecutive admissions to The Royal Children’s Hospital Melbourne (RCHM) between December 2007 to January 2012. Exclusion criteria included previously diagnosed stroke, primarily hemorrhagic infarction, coexisting diffuse brain injury due to a traumatic or hypoxic ischemic event, and birth prior to 36 weeks gestation. Children for whom English was a second language were also excluded. Ethics approval was obtained for this study from the HREC of the RCHM. Written consent was obtained by parents for their participation and that of their children. 
Forty-one families were approached to participate in the 5-year follow-up. Three declined with no reason given and four families were untraceable. One participant was excluded due to unexplained developmental regression unrelated to the stroke. Two participants had substantial missing data, and 1 was 20-years of age at follow-up and did not have all social cognition measures administered. Therefore, this paper reports on the 5-year follow-up outcomes for 30 children with AIS and 37 TDCs recruited from the local community. Children were excluded from the TDC group if they had previous stroke, any neurologic or psychological disorder, or English as a second language. Among those who underwent social cognitive testing at the 5-year follow up, none of the children in the AIS or TDC groups had a comorbid neurodevelopmental or psychiatric diagnosis at the time of initial study enrolment or at the 5-year follow up assessment. 
Measures
Clinical MRI. Clinical brain magnetic resonance imaging (MRI), including diffusion-weighted sequences, were conducted at the RCHM on acute admission, using a standardized clinical protocol. Infarct characteristics (size, location, laterality, arterial territory) were rated by two neuroradiologists (MD, LC) and the study Principal Investigator (AG), using a standardized coding system.42, 43 In keeping with our standardized coding system reported elsewhere,42, 44 lesion size was classified according to degree of vascular territory affected upon visual assessment. For example, infarcts were coded ‘small’ when structures served by small perforating branches of arteries were affected (e.g., discrete area of injury to structures supplied by lenticulostriate arteries). Infarcts were coded ‘medium’ when a branch of a major cerebrovascular artery (e.g., temporal arteries) was affected, and ‘large’ denoted cases where an entire vascular territory was affected. Stroke location was qualitatively coded and categorized as cortical, subcortical (including white matter/subcortical nuclei/thalamus), combined cortico-subcortical, or cerebellar/brain stem. This coding system also allowed us to distinguish between children with supratentorial infarcts only (i.e., cortical, combined cortico-subcortical or discrete subcortical lesions) and those participants with infratentorial infarcts only (i.e., cerebellar/brain stem lesions). 
Neurological function. Acute neurological impairment was assessed with the Pediatric Stroke Outcome Measure (PSOM),45, 46 a clinically administered tool that rates stroke severity from 0 (no deficits) to 10 (severe deficit). The PSOM is composed of five subscales (right sensorimotor, left sensorimotor, language production, language production, and cognition/behavior) that use ordinal scales ranging from 0 to 2 (0 = ‘none’; 0.5 = ‘mild’; 1=’moderate’; 2 = ‘severe’).  PSOM was administered within the first week after diagnosis by a pediatric occupational therapist. Consistent with the approach adopted in previous research,17 we divided the stroke group into two groups; low severity and high severity, based upon the total PSOM score. The low severity group had a total PSOM score of 0-1.0; the high severity group had scores of 1.5 or greater.  
Primary Outcomes
Social cognition was assessed across three domains using tasks from the NEPSY-II Social Perception battery.47
Cognitive ToM. The NEPSY-II ToM Verbal Task was used to assess cognitive theory of mind, reflected in the child’s understanding of others’ beliefs and intentions. In this task, the child is read social stories or shown pictures depicting a variety of social scenes. The child is then asked questions about the protagonist’s beliefs and intentions. In all the items the child can answer very briefly; a word is often sufficient for a correct answer. The total number of correct responses is converted to a percentage accuracy score for statistical analyses, which adjust for child age. 
Affective ToM. The NEPSY-II ToM Contextual Task was used to evaluate affective theory of mind, reflected in the child’s understanding of others’ emotions in social context.48 In  this task, the child is shown a series of drawings depicting children in a range of social contexts. In each drawing there is a protagonist whose face is not shown. The child is provided with four photographs of different facial emotions and asked to select the face that depicts the protagonist’s feeling in a specific social scenario. Thus, the child is required to infer the child’s emotion based on social context, not their face. The total number of correct responses is converted to a percentage accuracy score for statistical analyses, which adjust for child age. 
Facial emotion recognition. The NEPSY-II Emotion Recognition Task evaluated the child’s ability to process basic emotions from facial features. In this task, the child is asked to discriminate between basic facial expressions by comparing pictures of faces of children with typical facial expressions including joy, sadness, anger, disgust, fear, and a neutral expression. The child must decide if two expressions are similar or different, determine which faces have similar expressions among a series of faces, and identify two children with expressions similar to that of a third face. The child’s performance is converted to a standard score for use in statistical analyses (M = 10; SD = 3). Higher scores indicate better performance. 
Social Functioning
Parents rated their child’s social behavior using the Strengths and Difficulties Questionnaire (SDQ).49 The SDQ is a parent-rated questionnaire that measures behavior and emotional symptoms across five domains: emotional symptoms, conduct problems, hyperactivity, peer problems, and prosocial behavior.  Each of these five scales contains items on which parents rate their child on a 3-point scale according to how much an attribute applies to the child (0, 1 or 2 for each item). For the current study, social behavior was assessed using the Peer Problem and Prosocial Behavior scales, which are those that most directly assess social functioning.  
Statistical analysis 
All analyses were entered into SPSS Version 25.0 and screened for missing data and violations of normality. Normality plots indicated that ToM measures were normally distributed, and preliminary analysis indicated no violation of assumptions across analyses unless otherwise stated.  For primary outcome analyses, performance for each of the three social cognitive tasks (facial emotion recognition, cognitive ToM, affective ToM) was examined separately.  In addition to the individual task scores, performance on the cognitive and affective ToM tasks are summed to provide a ToM composite score, which provides an overall indicator of ToM. 
Social cognition data for the entire sample were analyzed using multivariate analysis of covariance (MANCOVA) with Group Membership (AIS vs. TD control) as the between subjects factor and social cognitive domain (facial emotion recognition vs. cognitive ToM vs. affective ToM) as the within subjects factors, with follow-up post-hoc pairwise comparisons. For all analyses involving the primary outcome measures, we acknowledged factors previously shown to influence social outcomes after acquired brain insult, including sex, socioeconomic status, and age. Taking these factors into account, all analyses were performed with these variables entered as covariates.  Effect sizes were calculated using partial eta squared (η 2; small effect η 2 =.01; medium effect η 2 = .059; large effect η 2 = .138; Cohen, 1988).
To examine the effect of lesion characteristics on different aspects of social cognition, data for the entire sample were analyzed using multivariate analysis of covariance (MANCOVA) with lesion subgroup as the between subjects factor and social cognitive task (facial emotion recognition vs. cognitive ToM vs. affective ToM) as the within subjects factors, with follow-up post-hoc pairwise comparisons. In these models, social cognitive abilities were examined in relation to the following neuroradiological factors: (1) lesion size (TD control vs. medium infarcts vs. large infarcts); (2) lesion location (TD control vs. discrete subcortical/cerebellar vs. combined cortico-subcortical lesions); and (3) number of arterial territories involved (TD control vs. single territory vs. multi-territory infarcts). 
Finally, multi-variable regression models were used to explore the independent contribution of all stroke characteristics (lesion size, location, number of arterial territories, and severity of acute neurological symptoms) to social cognitive outcomes. Exploratory analyses of the association between social cognition and everyday social function were conducted using multi-linear regressions covarying for age, sex, and maternal SES. 
RESULTS
Sample characteristics
This article reports outcome data for 67 participants, including 30 individuals with pediatric AIS and 37 TDC children. As shown in Table 1, the AIS and TDC groups did not differ in age at assessment or sex. Maternal SES was higher in the TDC group and was used as a covariate in all analyses involving the primary outcome variable. None of the children in the stroke group had epilepsy or were taking seizure medication at the time of the 5-year follow-up assessment.
	Table 2 presents the clinical and radiological findings of the stroke group at time of diagnosis. Infarcts were discrete subcortical in 9 children (30%), combined cortico-subcortical in 16 (53%), and discrete brain stem/cerebellar in 5 children (17%). Twenty-three children had strokes involving a single arterial territory, whereas the remaining seven children had multi-territory infarcts. Of note, age at stroke was not associated with lesion characteristics, including lesion size (p=.279), number of vascular territories involved (p= .737) or the presence of combined cortico-subcortical pathology (p= .201). Eleven children (37%) had a cardioembolic etiology, 3 children (10%) had Moya Moya syndrome, 2 children (7%) had cervical arterial dissection, 4 children (13%) had steno-occlusive arteriopathy, 1 child (3%) had multiple probable etiologies, and 9 children (30%) had unknown risk factors. On acute neurological examination, most stroke participants (63%) had mild-moderate deficits based on the PSOM total score; the median total PSOM score was 0.75 (IQR 2.0). 

Insert table 1 and 2 about here

Social Cognition 5-years post-stroke
Table 3 displays the means and SDs for the AIS and TD groups for each social cognitive task. The overall MANCOVA was significant after controlling for SES, sex, and age, F=3.88, p=.01, η2 = .170 There was a significant main effect of group on all social cognition measures. As shown in Table 3, children with stroke performed significantly worse than TD controls on the ToM composite measure.  Group differences also reached statistical significance when cognitive and affective ToM tasks were examined separately, such that children with stroke displayed significantly poorer cognitive and affective ToM. Compared to TD controls, the stroke group also displayed significantly poorer facial emotion recognition abilities (Table 3). 

Insert table 3 about here

Predictors of social cognition: univariate models  
Preliminary analyses involving the entire sample (AIS and TDC) were used to examine whether infarct characteristics (size, location, and number of arterial territories involved) were related to social cognitive performance. Each of the lesion subgroups did not differ from TD controls on age at assessment or maternal SES (all p>.10). 
Impact of lesion size.  The overall MANCOVA was significant after controlling for SES, sex, and age, F=4.26, p=.009, η2 = .110. Lesion size was significantly associated with affective ToM, F(2,66)= 6.13, p =.004, such that children with large-sized lesions performed significantly worse than both the TDC group (p=.001) and children with medium-sized lesions (p=.005).  There was no main effect of lesion size on any other measure of social cognition (η2 effect size range: .04 - .09). 
Impact of lesion location. The overall MANCOVA was significant after controlling for SES, sex, and age, F=5.47, p=.002, η2 =.12. There was a significant main effect of lesion location on affective ToM, (F(2,66)= 6.16, p =.004), cognitive ToM (F(2,66)= 7.52, p =.001),  and ToM composite scores (F(2,66)= 7.97, p =.001). In all these models, pairwise comparisons revealed that children with combined cortico-subcortical lesions had significantly worse scores than both the TDC group (all p<.01) and children with discrete subcortical/cerebellar lesions (all p<.01). There was no main effect of lesion location on facial affect recognition (F(2,66)=2.38, p=.10).
Impact of number of arterial territories. The overall MANCOVA was significant after controlling for SES, sex, and age, F=4.10, p=.01, η2 =.17. There was a significant main effect of arterial territory on affective ToM, (F(2,66)= 4.94, p =.010), cognitive ToM (F(2,66)= 5.69, p =.005),  and ToM composite scores (F(2,66)= 5.91, p =.005). In all these models, pairwise comparisons revealed that children with multi-territory infarcts had significantly worse scores than both the TD control group (all p<.01) and children with single territory infarcts (all p<.05). There was no main effect of lesion location on facial affect recognition (F(2,66)=2.14, p=.13).

Predictors of social cognition: multi-variate models
As shown in Table 4, multiple regression models were performed to evaluate the relative contribution of various stroke-related factors to social cognition outcomes.  Age, sex, and maternal SES were also added to the models as covariates. Multicollinearity between variable sets was checked by examining the variance inflation factor (VIF) of the variables within regression models. None of the VIFs exceeded a conservative cut-off of 2, suggesting that multicollinearity was not problematic.50
For the Theory of Mind Composite, the overall model including all predictors was significant, F(6,29)= 8.302, p<.001, R2.725.  As shown in Table 4, multi-territory infarcts uniquely predicted poorer ToM performance. Similarly, the overall model for the Cognitive ToM was also significant, F(6,29)= 7.007, p<.001, R2.690. Multi-territory infarcts independently predicted poorer cognitive ToM, but lesion location, lesion size and severity of acute neurological symptoms did not.  For Affective ToM, the overall model was significant, F(6,29)= 3.931, p=.006, R2.556. Large-sized lesions and multi-territory infarcts uniquely predicted poorer affective ToM processing. 
For facial emotion recognition, the overall model was not statistically significant, F(6,29)=.45, p=.84, R2.106, with no independent predictors of outcome (Table 4). 

Insert table 4 about here

Associations between social cognitive task performance and parent-reported social functioning 
As shown in Table 5, multiple linear regressions were performed to evaluate the independent contribution of social cognition to everyday social functioning in the stroke group. After covarying for age, sex, and maternal SES, poorer cognitive ToM was predictive of more frequent peer problems based on parent report. Similarly, poorer cognitive ToM was associated with less frequent prosocial behavior as rated by parents. 

Insert table 5 about here


DISCUSSION
Despite a growing body of research linking pediatric AIS to increased risk of neurodevelopmental dysfunction,19, 51 little is known about the impact of early focal ischemic brain injury on social cognitive functions. In the first prospective study to quantify the effect of pediatric AIS on facial emotion recognition and theory of mind, this study sought to evaluate nature, correlates, and functional impact of social cognitive dysfunction in a consecutive sample of children with MRI-confirmed AIS. As expected, we found that relative to TDCs, children with AIS displayed poorer social cognitive abilities across measures of cognitive ToM, basic facial emotion processing, and affective ToM. Poorer social cognitive outcomes were documented in association with combined cortico-subcortical lesions, multi-territory infarcts, and large-sized lesions. As predicted, we also found that poorer cognitive ToM was associated with less frequent prosocial behavior and increased peer problems reported on standardized parent report measures. 
Although impairments in social cognition are recognized as one of the most profound and disabling sequelae in children with traumatic brain injury,11, 52 these outcomes have seldom been studied in children with AIS. To address the dearth of research in this area, our first aim was to quantify the long-term impact of pediatric AIS on basic and complex social cognitive abilities. In line with predictions, we found that relative to TD controls, children with AIS displayed significantly worse performance on measures of cognitive ToM, basic fascial emotion processing, and affective ToM. These findings are broadly consistent with previous findings from a small retrospective pilot study, which provided the first evidence for theory of mind impairment in a sample of 10 children with hemorrhagic or ischemic stroke.25 Overall, findings from our prospective consecutive cohort add to an emerging body of evidence suggesting that social cognitive abilities are vulnerable to the effects of early ischemic brain insult,25 and suggest that social cognitive impairments are evident many years post-diagnosis following stabilization of neurological functioning. 
Our second aim was to assess whether specific stroke characteristics accounted for individual differences in social cognitive abilities. Univariate analyses revealed that, when examined in isolation, poorer theory of mind abilities were associated with larger lesions, a combined cortico-subcortical lesion pattern, and multi-territory infarcts. Though this pattern of results is broadly consistent with previous studies of other post-stroke cognitive outcomes,16, 18, 38-40 we found that lesion characteristics were predictive of ToM, but not basic facial emotion processing abilities.  Though unexpected, this pattern of results is likely explained by developmental factors.32 Specifically, a critical period model53 would hypothesize that, in contrast to complex ToM which shows protracted maturation into mid-late adolescence,6 basic facial emotion processing skills are likely to be relatively well established at the time of ischemic insult and therefore less vulnerable to persisting, long-term disruption.11 Overall, our findings suggest that, at least for higher-order social cognitive skills such as ToM, early clinical MRI-based indicators may have some prognostic value for long term social cognitive outcomes in children with AIS. 
Interestingly, when all stoke-related factors were examined together in multi-variate regression models, multi-territory infarcts and larger lesions were unique predictors of ToM, even after adjusting for acute neurological symptoms as measured by the PSOM. Given that ToM is dependent on distributed frontal-temporal, temporo-occipital and cerebro-cerebellar circuitry that is irrigated by MCA, PCA and vertebrobasilar circulation,35 it is perhaps not surprising that poorer ToM was documented in association with infarcts in multiple arterial territories. In contrast, and despite the critical role of cortical brain regions in social cognitive processes,30, 31 the presence of cortical pathology did not independently contribute to poorer theory of mind in multi-variate regression models.  Overall, the pattern of structure-function relationships in our stroke sample converges to suggest that, irrespective of lesion location, variation in complex social cognitive outcomes is at least partly explained by the amount of structural brain pathology to distributed neural networks involved in complex social cognitive skills.11, 34 
	Our third and final aim was to explore the independent contribution of social cognitive abilities to everyday social functioning in children with AIS. While social cognitive impairments are linked to worse social adjustment in adult stroke survivors,54, 55 these associations remain largely unexplored in pediatric stroke populations.  In keeping with expectations, we found that poorer cognitive ToM was predictive of less frequent prosocial behavior and increased peer problems on standardized parent-report measures. Overall, these findings suggest that social cognitive dysfunction may be one of several factors that underpins everyday social and behavioral impairments commonly documented in children with AIS.17, 29 Since social cognitive dysfunction appears to be a risk factor for poorer social functioning in our sample,  social cognitive screening may be a valuable supplement to routine clinical neuropsychological assessments, which are often used to evaluate post-stroke recovery and help guide intervention planning in this high risk population.  
    Although the current study represents the largest prospective investigation of long-term social cognitive outcomes of children with AIS, our analyses were constrained by small sample size. For instance, due to the small number of patients with cerebellar involvement, we did not have adequate statistical power to evaluate social cognitive outcomes of this subgroup separately. Although our lesion location groupings (i.e. combined cortico-subcortical versus discrete lesions) are consistent with the broader literature that distinguishes between outcomes of diffuse versus focal developmental lesions,56 further research in larger samples is needed to examine whether cerebellar involvement may differentially affect social cognitive development in children with AIS. Similarly, due to small numbers of participants in the neonatal and childhood onset AIS subgroups, further research is needed to examine whether the magnitude of the effect of AIS on social cognitive abilities differs as a function of developmental stage at stroke.
[bookmark: _Hlk54533257]    Moreover, though our study is the first to highlight the prognostic value of acute clinical MRI for long-term social cognitive outcomes, the study is limited by its sole reliance on a standardized coding system for clinically acquired images. This standardized coding protocol has been reported previously,42, 44 and involves visual assessment of lesion size coded independently by two pediatric neuroradiologists. Further research is therefore needed to evaluate the prognostic value of other quantitative measures of lesion size, including infarct volumes. Further studies using advanced structural brain imaging methods (e.g., diffusion tensor imaging/tractography, voxel-based morphometry) are also needed to evaluate whether neuroanatomical changes within social cognitive neural networks may assist to explain individual variation in social cognitive outcomes after child stroke.  
CONCLUSIONS
To our knowledge, this study is the first to examine social cognition and its correlates in a prospectively recruited sample of children with AIS. Our findings show that, relative to their typically developing peers, children with stroke display significantly poorer performance on measures of basic and complex social processing.  Moreover, assessment of brain-behavior relationships revealed that multi territory infarcts and larger lesions prospectively predicted poorer social cognition 5 years post-stroke. Overall, these findings suggest that clinical MRI has potential to unlock prognostic markers that may aid identification of children at elevated risk for long term social cognitive dysfunction. Evidence of robust relationships between social cognition and parent-reported social functioning underscores the potential value of social cognitive screening in pediatric stroke populations. 
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	Table 1. Sample demographic characteristics 
	
	
	

	
	AIS
	TDC
	F/X2
	p

	Number of children
	30 (12 neonatal)
	37
	-
	-

	Sex [male], n (%)
	18 (60)
	15 (40)
	2.51
	0.144

	Maternal SES, Mean (SD)
	2.93 (1.11)
	3.76 (1.04)
	9.78
	0.003

	Age at assessment (years), Mean (SD)
	7.85 (3.12)
	7.80 (2.79)
	0.01
	0.94

	SES is socioeconomic status: 1 = 9th grade or less; 2 = 10th/11th grade; 3 = high school graduate;          4=partial degree/professional qualiﬁcation; 5 = college/university graduate; 6 = postgraduate degree.






	Table 2. Clinical and neuroradiological characteristics 

	 
	AIS Group: n = 30 

	Age at diagnosis, Median (IQR) 
	1.45 (4.04) 

	Time since diagnosis (years), Mean (SD) 
	5.26 (0.76)

	Lesion characteristics
	

	Lesion size
	

	Large n (%)
	6 (20)

	Medium n (%)
	24 (80)

	Small n (%)
	0 (0)

	Vascular territory
	

	Full MCA n (%)
	1 (3)

	Partial MCA n (%)
	13 (43)

	PCA n (%)
	5 (17)

	Vertebrobasilar n (%)
	4 (13)

	Multi-territory n (%)
	7 (23) 

	Location
	

	    Combined cortico-subcortical n (%)
	16 (53)

	Discrete subcortical n (%)
	9 (30)

	Discrete cerebellar/brain stem n (%)
	5 (17)

	Laterality 
	

	Left n (%)
	9 (30)

	Right n (%)
	10 (33)

	Bilateral n (%)
	6 (20)

	        Infratentorial only n (%)
	5 (17)

	Acute PSOM Total Score, Median (IQR)
	.75 (2.0)

	Acute PSOM High Severity, n (%)
	11 (37)

	Acute PSOM Low Severity, n (%) 
	19 (63)


MCA, middle cerebral artery; PCA, posterior cerebral artery



	
Table 3. Effect of AIS on social cognition
	
	
	
	

	 
	AIS
	TDC
	F
	p
	η2  

	Basic Social Processing
	
	
	
	
	

	     Affect Recognition, M (SD)
	9.87 (2.24)
	10.95 (2.11)
	4.65
	0.035
	0.07

	Complex Social Processing
	
	
	
	
	

	     Cognitive ToM, M (SD)
	61.21 (21.74)
	72.35 (17.63)
	9.59
	0.003
	0.14

	     Affective ToM, M (SD)
	66.67 (26.26)
	76.56 (16.86)
	5.09
	0.028
	0.08

	     ToM Composite, M (SD)
	62.38 (21.11)
	72.19 (15.94)
	8.72
	0.005
	0.13


M = Mean; SD = Standard Deviation; ToM = Theory of Mind


	Table 4. Multivariate regression models predicting social cognition from stroke characteristics 
	
	
	
	
	
	

	
	Emotion Recognition
	Cognitive ToM 
	Affective ToM
	ToM Composite 

	 
	Β
	SE
	p
	β
	SE
	p
	β
	SE
	p
	β
	SE
	p

	Lesion Size
	
	
	
	
	
	
	
	
	
	
	
	

	    Medium 
	(ref)
	
	
	(ref)
	
	
	(ref)
	
	
	(ref)
	
	

	    Large
	-0.69
	1.23
	0.581
	-0.302
	1.57
	0.849
	-1.55
	0.621
	0.02
	-1.86
	1.83
	0.322

	Lesion location
	
	
	
	
	
	
	
	
	
	
	
	

	   Discrete subcortical/cerebellar
	(ref)
	
	
	(ref)
	
	
	(ref)
	
	
	(ref)
	
	

	   Combined cortico-subcortical
	0.51
	1.22
	0.679
	-2.53
	2.06
	0.231
	-0.25
	0.69
	0.718
	-2.78
	2.47
	0.271

	Vascular territory 
	
	
	
	
	
	
	
	
	
	
	
	

	    Single territory infarct 
	(ref)
	
	
	(ref)
	
	
	(ref)
	
	
	(ref)
	
	

	    Multi-territory infarct 
	-1.26
	1.41
	0.381
	-4.26
	1.58
	0.013
	-1.35
	0.623
	0.041
	-5.61
	1.84
	0.006

	Acute PSOM Total Score
	
	
	
	
	
	
	
	
	
	
	
	

	   Low Severity
	(ref)
	
	
	(ref)
	
	
	(ref)
	
	
	(ref)
	
	

	   High Severity 
	0.19
	0.21
	0.361
	1.84
	1.24
	0.151
	0.4
	0.488
	0.42
	2.24
	1.44
	0.134

	Covariates in all models: age, sex, maternal socio-economic status
Boldface indicates p<0.05. β = unstandardized beta coefficient; SE = standard error; PSOM = Pediatric Stroke Outcome Measure.




	Table 5. Multilinear regressions predicting everyday social functioning from social cognition

	 
	             SDQ Prosocial Behavior
	                 SDQ Peer Problems

	 
	β
	SE
	p
	Β
	SE 
	p

	Facial Emotion Recognition
	-0.036
	0.139
	0.797
	-0.018
	0.11
	0.868

	Cognitive ToM
	0.182
	0.087
	0.047
	-0.158
	0.07
	0.033

	Affective ToM
	0.125
	0.227
	0.587
	-0.18
	0.184
	0.337

	ToM Composite 
	0.136
	0.072
	0.071
	-0.126
	0.058
	0.038

	Covariates in all models: age, sex, maternal socioeconomic status; SDQ = Strengths and Difficulties Questionnaire 




	
	
	
	
	
	
	
	
	
	
	
	
	



